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Many part numbers are listed in this book for reference. They may not
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Introduction

WELCOME

Welcome to Jeep Engines-3rd Edition.

This performance book has been prepared as a guide for
those enthusiasts who are interested in everything from
mild performance gains to building highly competitive
racing vehicles and is intended to compliment the service
manual for your particular vehicle and/or engine.
Therefore, to avoid any possible problems and/or
headaches, Mopar Performance Parts highly recommends
that the proper service manual for your vehicle and/or
engine be obtained.

This performance book builds on the service manual
information. Service manuals tell you how to take your
engine apart and put it back together; Jeep Engines-3rd
Edition tells you how to modify your engine and increase
its performance. If you find that you need further assistance
or have any performance and/or modification questions you
would like to ask, you can contact Mopar Performance
Parts Technical Assistance.

Mopar Performance Parts Technical Assistance
P.O. Box 597
Oxford, Michigan 48371-0597
1-248-969-1690
(fax) 1-248-969-3342

Mopar Performance Parts hopes that this book satisfies any
needs andlor desires that you have pertaining to your Jeep
engine. We firmly believe that the performance tips
enclosed within these pages will prove to be truly
invaluable to you.

OVERVIEW

The primary emphasis of this book is on the 4.0L Power
Tech In-Line 6 cylinder engine, the 4.2L. In-Line 6 cylinder
engine, the 2.5L Power Tech In-Line 4 cylinder engine, and
the 360 AMC V-8 engine. The 2.46L In-Line 4 cylinder
engine is also covered, but because of the limited number
of performance parts available, it is discussed only briefly.
We have also included a special chapter which highlights
our new all-aluminum 4.7L V-8 engine that debuted in
1999. This new engine is certain to play an important role
in our future Jeep performance parts program. Magnum
engines have their own book; therefore, they are not
covered in this book.

Note: For complete Magnum V-10, V-8, V-6, and 4-
cylinder engine information, refer to Magnum Engines
(P4876668), as well as the appropriate service manual.

The total amount of information we possess regarding all of
these Jeep engines could have easily filled a book many times
the size of this one, so we had to prioritize based on what our
racers and enthusiasts were requesting. If there is anything that
you need to know or have questions about that is not covered
in this book or your service manual (or you simply can’t find
the answer), call Mopar Performance Parts Technical
Assistance. They will be glad to help you any way they can.

Jeep Engines-3rd Edition is divided into nine distinct
chapters, as follows:

Chapter 1: Jeep History

Chapter 1 presents a brief history of Jeep, from the early
1940s through today. However, because this chapter could
easily fill an entire book of its own, not every event or
person involved in the Jeep program is discussed.

Because so much information has already been published
regarding the history of Jeep, we chose to include lesser-
known information that could only come from
DaimlerChrysler. Photographs from deep within our
archives highlight this history of arguably the most
successful off-road vehicles ever built.

Chapter 2: 2.5L Power Tech In-Line 4

Chapter 2 is the most comprehensive and detailed
discussion of the 2.5L Power Tech In-Line 4 cylinder
engine ever published by DaimlerChrysler. Both race-only
and dual purpose engine build-up strategies and
performance modifications are covered. The information is
presented along with hundreds of detailed figures,
photographs, tables, and charts. When used in conjunction
with the appropriate service manual, this chapter provides
the most up-to-date technical information on the 2.5L
engine available anywhere.

Please note that much of the information contained in
Chapter 4 is generic to all Jeep performance engines.
Therefore, in addition to this chapter, 2.5L engine owners
should read Chapter 4 in its entirety. The appropriate
service manual should also be consulted.

Chapter 3: 2.46L In-Line 4

Chapter 3 presents a summary of selected features of the
2.46L In-Line 4 cylinder engine. Due to the limited number
of performance parts available, the chapter is very brief.
However, much of the information contained in Chapter 2
applies directly to the 2.46L engine. In addition, much of
the information contained in Chapter 4 is generic to all Jeep
performance engines. Therefore, in addition to this chapter,
2.46L engine owners should read Chapters 2 and 4 in their
entirety. The appropriate service manual should also be
consulted.

T T
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Chapter 4: 4.0L Power Tech In-Line 6

Chapter 4 is the centerpiece of Jeep Engines-3rd Edition. It
is the most comprehensive and detailed discussion of the
4.0L Power Tech In-Line 6 cylinder engine ever published
by DaimlerChrysler. Both race-only and dual purpose
engine build-up strategies and performance modifications
are covered. The information is presented along with
hundreds of detailed figures, photographs, tables, and
charts. When used in conjunction with the appropriate
service manual, this chapter provides the most up-to-date
technical information on the 4.0L engine available
anywhere. The authoritative source for all your 4.0L engine
racing needs.

Chapter 5: 4.2L In-Line 6

Chapter 5 presents a summary of selected features of the 4.2L,
engine, as well as a great deal of information on our popular
multi-point fuel injection conversion kit. Please note that much
of the information contained in Chapter 4 applies directly to
the 4.21. engine. Therefore, in addition to this chapter, 4.21
engine owners should read Chapter 4 in its entirety. The
appropriate service manual should also be consulted.

Chapter 6: 4.7L. Power Tech V-8

Chapter 6 highlights our new 4.71. Power Tech V-8 engine
which was introduced in 1999. This technologically
advanced, all-aluminum powerplant represents the future of
DaimlerChrysler V-8 engine technology, and will play an
important part in our future Jeep performance parts
development program.

Due to the present lack of performance parts available for this
brand-new engine, this chapter is brief. However, much of the
information contained in Chapter 4 is generic to all Jeep
performance engines. Therefore, in addition to this chapter,
4.7L V-8 engine owners should read Chapter 4 in its entirety.
The appropriate service manual should also be consulted.

Chapter 7: 360 AMC V-8

Chapter 7 presents the most comprehensive and detailed
discussion of the 360 AMC V-8 engine ever published by
DaimlerChrysler. The information is presented along with
dozens of detailed figures, photographs, tables, and charts,
providing the most up-to-date technical information on the
360 AMC V-8 engine available anywhere.

Please note that much of the information contained in
Chapter 4 is generic to all Jeep performance engines.
Therefore, in addition to this chapter, 360 AMC V-8 engine
owners should read Chapter 4 in its entirety. The
appropriate service manual should also be consulted.

For additional information on small block engine
performance modifications, refer to Small Block ‘A’
Engines (P4876826).

Chapter 8: Off-Roading and Racing

Chapter 8 is for everyone interested in off-roading andor
racing their Jeep-powered vehicle. It contains information
on our ever-popular Jeep Jamboree and Camp Jeep events,
as well as the basics of off-roading, how fo get started in
racing, safety, driving tips, performance engine package
recommendations, and more. Chapter 8 also includes a
listing of all the books and catalogs currently available
through Mopar Performance Parts, along with how and
where to contact various DaimlerChrysler/Mopar sources.
A must read for anyone interested in off-roading or racing a
Jeep-powered vehicle.

Chapter 9: Additional Information

Chapter 9 provides racing (mathematical) formulas and a
Metric-to-English conversion table we thought might come
in handy.



Chapter 1
Jeep History

TECHNOLOGY FOR A COMPETITIVE ADVANTAGE



MOPAR PERFORMANCE PARTS

Willys-Overland . ... u i e e e e 7
Birth of the “Quad’” ... .o it it et et 7
AlJeep By Any Other Name e 9
Civilian Life .o e i i i i i i e 10
The Great OUtAOOTS .« . o v vttt et et et e et e e et e e e et e e et e et et e 11
Beyondthe Quad ... .. e 12
ST 1S o 1<) 13
Birth of the Sport Utility Vehicle . ... .. ..ottt it e e ettt e s et ae e a e 15
American Motors Corporation (AMOC) . ... u ittt 16
1984 Cherokee Redefines the SUV ... ittt ittt iiaa e eeaaaaaaaaens 18
Enter the Wrangler . ........iiiii it i it ittt ittt it 20
Chrysler Corporation Buys AMOC ...ttt ettt ittt ta i et i i a sttt 21
DaimlerChrysler and Beyond . ......oi i 23
Additional Jeep Information .. ... ...t e e 24



JEEP HISTORY 7

Jeep History

he Jeep has evolved
from utilitarian
military vehicle, to

sun-and-fun off-roader, to
popular boulevard cruiser.
It has been produced
for better than 50 years,
exported worldwide and
is arguably one of the
most recognizable vehicles
ever made. It is sought
after by collectors and
fans, and widely regarded
as a leader in the
sport/utility and off-road markets. Compact and
full-size pickup trucks and SUVs have carried/now
carry the Jeep nameplate, placing Jeep in many different
categories in the industry. But were it not for the
intervention of Walter Chrysler to aid the Willys-
Overland Company, and events relating to the Second
World War, the Jeep may never have existed.

Willys-Overland

In 1929, John North Willys sold his interest in the Toledo,
Ohio-based Willys-Overland Company to become U.S.
Ambassador to Poland. He returned to Willys-Overland the
next year as active head of the company. Unfortunately, his
company was now facing the same financial hardship that
had befallen many other companies following the 1929
Stock Market Crash.

By 1933, the Willys-Overland Company was in serious
financial trouble and might have shut down operations
were it not for the generosity of John North Willys’
good friend, Walter P. Chrysler. Chrysler allowed
Willys to use the Chrysler-created “floating power”
principles for engine balance.

Walter P. Chrysler (pictured here with his original
1924 Chrysler Six)

“Floating power” had first
appeared in late 1932 on
the 1933 Plymouth Series
PA, but had originally
been developed by Chrysler
engineers during the first
few years of the company’s
existence. Floating power
reduced noise and vibration
by adding a third main
bearing to the crankshaft.
A floating platform spring
supported the front of the
engine while rubber pads
and bushings helped to absorb shock and eliminate the
metal-on-metal contact at the rear. This innovation was one
of the earliest uses of rubber to reduce engine vibration, and
allowed a four or six cylinder engine to maintain operating
smoothness comparable to an eight cylinder engine.

Chrysler patented the floating power principle, but allowed
Willys-Overland to use the system in the 1933-36 Willys 77.
This was a small, four cylinder economy car whose sales
helped to keep Willys-Overland in business, as they had gone
into receivership in 1933. John North Willys died shortly
after the production of the Willys 77in 1937, at the age of 64.

Birth of the “Quad”

Dating back to World War I, the U.S. Army had been looking
for a fast, lightweight all-terrain reconnaissance vehicle. The
horse cavalry and sidecar motorcycles used before were now
antiquated. In addition, the Axis powers were beginning to
score victories in Europe and Northern Africa. The Army
now needed rapid development of this vehicle. In the
summer of 1940, automobile manufacturers were called
upon to produce a running prototype for such a vehicle injust
49 days, and 70 production vehicles in 75 days.
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Willys-Overland MA (Prototype)

Additionally, the Army had very tight specifications for their vehicle:
Cooling System: Able to allow a sustained low speed without overheating the engine

Weight: Approximately 1,3001bs. Four-wheel-drive
Engine (power): 85 Ib-ft of torque Wheelbase: Not more than 80”
Tread: Not more than 47 Ground Clearance: Minimum of 6.25“

Payload: 600 Ibs.

Manufacturers scrambled to put together mock-ups in effort to secure the contract. Many different vehicles
were submitted for approval ranging from a rolling platform to heavily armored trucks. Due to the
constrictive 49-day development deadline, many manufacturers were eliminated. Ultimately, only Willys-
Overland, the Bantam Car Company, and to an extent Ford Motor Company were involved in the project.

The Bantam Car Company had worked to supply reconnaissance vehicles to the Army in the past and
felt able to meet the deadline (Willys-Overland requested additional time for completion). With the help
of engineer Karl Probst, Bantam developed a prototype which would later evolve into the Jeep. The
Army forwarded plans for the Bantam prototype to Willys-Overland and Ford, who submitted their
own prototypes based on the Bantam design. Willys-Overland’s vehicle, the “Quad,” came in over the
weight limits (at 2,400 pounds), due in large part to its more powerful engine, the “GoDevil.” The Go
Devil had been tried and tested in the Willys Americar, and its torque rating of 105 eclipsed that of the
Bantam and Ford engines at 83 and 85 respectively.

With all three prototypes in hand, the Army ordered 1,500 vehicles from each of the manufacturers to
be field tested. Probably due to their pleasure with the power of the Go Devil, the Army raised the
weight requirement to 2,160 pounds. This meant the Quad still needed to shed weight.

Knowing that the engine, as heavy as it was, was the strength of the Quad, Willys-Overland decided to
keep the same engine under the hood and trim the weight elsewhere. The Quad was completely
disassembled, part by part, and evaluated for possible use of lighter materials. Bolts were shortened,
material was trimmed, and the final product came in 7 oz. under the weight limit.

Delivery of the first 4,500 vehicles (1,500 each from Willys-Overland, Bantam and Ford) came in June,
1941. After careful study and testing, the Army decided to standardize one basic design. Based on its
lower bid and Bantam’s shaky financial and manufacturing position, the Army awarded an all-or-
nothing contract to Willys-Overland to produce 16,000 vehicles at the rate of 125 per day. Securing the
contract allowed continued business operation for Willys-Overland.

As the war grew in intensity, the demand for the Quad also grew. Willys-Overland was ordered to turn over
designs to Ford so they could produce 15,000 of the same vehicle. During World War I, Willys-Overland
and Ford produced more than 600,000 Jeep vehicles, with Willys-Overland accounting for 330,000 units.
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A Jeep By Any Other Name...

Sometime after Willys-Overland began production of this all-purpose military vehicle, the name Jeep
came on board. At first, the vehicle was designated the MA, and later in 1941 the MB. The name Jeep
became synonymous with it at that time and soon became a household word. Although no one really
knows the name’s true origin for certain, everyone has a favorite theory.

Some say the Jeep name came from the slurring of the acronym G.P. which was a Ford engineering
term, “G” for a government contract vehicle, “P> for 80-inch wheelbase reconnaissance car. Another
explanation is that the name was used in Oklahoma as early as 1934.to designate a truck equipped with
special equipment for drilling oil wells. Others claim the vehicle was called a Jeep in reference to the
character “Eugene the Jeep” in the 1936 Popeye comic strip by E.C. Edgar. Eugene the Jeep was a
small, impish looking animal that had the power to travel back and forth between dimensions and could
solve all sorts of problems. Yet another version is that Irving “Red” Haussman, a Willys-Overland test
driver who tested the first pilot model picked up the Jeep name that some soldiers at Camp Holabird
had been using. Shortly thereafter, Red gave a demonstration ride to a group of dignitaries in
Washington, D.C. Among the group was Katherine Hillyer, a reporter for the Washington Daily News
who wrote an article about the vehicle that was published in February, 1941 with the photo caption
headline, “Jeep Creeps Up Capitol Steps.” This was perhaps the first reference to the vehicles’ Jeep
name by the media. In 1950, Willys-Overland obtained a U.S. Trademark Registration for the Jeep
trademark. There are currently over 1,100registrations for the Jeep® trademark throughout the world.

From their inception, Jeep vehicles have captured Ihe attention and admiration of people everywhere.
They served their country in the war in Europe and the Pacific, helping to defeat the Axis powers and
bring peace to the world. The strength and durability of the Jeep was soon realized. War correspondent
Ernie Pyle characterized the Jeep vehicle in this way. “I don’t think we could continue...without the Jeep.
It’s as faithful as a dog, as strong as a mule and agile as a goat. It constantly carries twice what it was
designed for and still keeps going.” Jeep vehicles were used by every division of the U.S. military, and
large numbers were also shipped to the Allied Forces of Canada, Britain, Australia and New Zealand.
Jeep vehicles became a vital part of all action on land. They were used to lay telephone communications,
to transport the wounded, and as taxis to carry battle commanders, generals, prime ministers and
presidents. They were crated and freighted, broken down and built-up, modified, converted and moved
about by sea, rail, road and air. Transport crews could load a complete Jeep vehicle into a C-47 cargo
plane to be easily and rapidly deployed on the front lines where they were needed most.

Willys-Overland MB
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Jeep in action

1946 Jeep CJ-2A (Prototype) 1953 Jeep CJ-3B
Civilian Life

As early as 1942, long before the war in Europe or the Pacific came to an end, Willys-Overland
recognized that the popular Jeep vehicles could serve the civilian market as well. The phrase “the Jeep
in Civvies” often appeared in Willys-Overland magazine and newspaper ads published on the
homefront during and just after World War II. ‘Other ads touted the heroic exploits of the Jeep vehicles
in the war, declaring “the power and the stamina of the versatile Jeep will serve many needs in the years
of reconstruction ahead.” Willys-Overland began to promote the versatility of the Jeep vehicle as a
delivery, work and recreational vehicle with quotes like “When I get back I’ll get a Jeep. It’ll make a
swell delivery car,” “A Jeep can beat a team of horses all hollow,” and “Gee, wouldn’t it be swell to
have a Jeep at the lake after the war‘? Are you Jeep planning too?” The first civilian Jeep (CJ) vehicle,
the CJ-2A, was produced in 1945. Advertisements proclaimed it to be “A Powerhouse on Wheels,”
again selling it as a work vehicle for farmers and construction workers. The CJ-2A came with a tailgate,
side-mounted spare, larger headlamps, an external fuel cap, chrome trim, and many more items that its
military predecessors did not include. Intended primarily as a work vehicle, it maintained a spartan
profile including round military-type gauges and instrumentation.

The postwar U.S. economy and industries afforded many opportunities for the Jeep. It was capable of
hauling workers and materials to remote worksites, through desert gullies, even knee-high water,
further proving the Willys-Overland design. Farmers and ranchers found a multitude of agricultural
uses for the small, powerful 4x4. The rugged design of the CJ-2A was obvious. It had a durable engine
with good low-end torque, a rear axle designed for much larger trucks, and a transmission and transfer
case sufficient to pull heavy loads through varying terrain.

= TN
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Perhaps one of the most common and recognizable uses for the Jeep was U.S. mail delivery. Postal
officials, impressed by the performance of Jeeps during the war, decided to harness that strength for mail
delivery. These strong, agile vehicles could stand up to the rigors of delivering the mail in any weather
and on any road. The postal service purchased both left and right-hand drive Jeeps for their carriers.
Unlike previous postal vehicles, which were painted a drab shade of olive green, Jeeps and other vehicles
purchased in the 1950s were painted red, white, and blue. The Postal/Dispatch Jeep was made in two
basic models, the DJ-3A and the DJ-5. The DJ-3A ‘wasa flat fender Jeep similar to the CJ model except
it was two-wheel-drive and had a side sliding door for ease of loading/unloading. It was produced from
1956 until 1965 (manufactured by Kaiser-Jeep who purchased Willys-Overland in 1953). The DJ-5 was
introduced in 1965 which is the postal Jeep most people are familiar with today. Also produced from
1965- 1968 was a long version, the DJ-6. The DJ-5 vvas made by Jeep into the early 1970s and production
continued under AM General (AMC purchased Kaiser-Jeep in 1970). For over 40 years Postal workers
have delivered mail through “rain, sleet and snow” with the aid of their trusty Jeep.

The Great Outdoors

Among the public attracted to Jeep 4x4s were a growing number of outdoor enthusiasts. Already
proven capable of handling the outdoors, the CJ-2A and surplus MBs brought primitive back country
fishing, hunting, rock collecting and exploring easily within reach. They gave families access to remote
camping and numerous other outdoor activities. There was a zest for life in postwar America
contrasting the lean Depression and World War II years. This created a greater interest in recreation.
Additionally, fuel costs were low, and the cost of living was relatively inexpensive. The Jeep provided
a means for those weekend getaways.

The recreation aspect caught on quickly and has flourished. Today, there are many organizations which
host activities and events for Jeep owners, fans, and aficionados. The Camp Jeep and Jeep Jamboree
groups for example, set up off-roading events, car shows, picnics, clinics, etc., to bring together Jeep
lovers worldwide. These events are wildly popular and attended religiously by some owners.

But Jeep’s growing popularity was not limited to the U.S. The popular 4x4 was sought by many
worldwide no doubt due to its high visibility in wartime activities. It maintains a healthy worldwide
appeal today, and there exist many clubs, societies, and groups dedicated to ownership, history, racing,
etc., of the Jeep.

Getting away!
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1948-51 Willys-Overland Jeepster

Beyond the Quad

In 1946, Willys-Overland introduced the auto industry’s first all-steel station wagon and sedan delivery
vehicles. These two-wheel-drive vehicles featured seven-passenger capacity and reached a top speed of
65 mph. When four-wheel-drive and a Willys six cylinder engine were added in 1949, the Jeep All-
Steel Station Wagon truly became the forerunner of the modern-day Jeep Cherokee. The new Jeep
station wagon had pressed-steel framing and three-tone paintwork which simulated the natural wood
look. It used the Jeep running gear and MB-style front sheet metal and was designed to compete against
the “real” wood wagons still being manufactured by Detroit’s Big Three. The new vehicle chassis was
also available in a sedan delivery truck. Four-wheel-drive would become available in these models in
1949 along with the 148 cubic-inch “Lightning” six cylinder engine.

From 1948-1951, Willys-Overland produced probably its most stylish vehicle to that point —the
Jeepster VJ-2 and VJ-3. A two door, two-wheel-drive, low-slung convertible, the Jeepster was unique
in styling to other American vehicles of the time. Unfortunately, the Jeepster was also underpowered
with a four cylinder engine, and less desirable to the public without four-wheel-drive. It posted only
modest sales and was never able to find a market niche. Popular opinion holds that if a larger six
cylinder engine had been offered, the Jeepster may well have survived longer. Interestingly enough, a
similar version was released during the sixties under Kaiser ownership, and enjoyed good success.

The CJ model was updated in 1953, becoming the CJ-3B. It was the first Jeep CJ with noticeable body
changes from its military predecessor. It had a taller body grille and hood to accommodate the new
Hurricane F-Head four cylinder engine. Although it had the same displacement as the original “Go
Devil” engine, the “Hurricane” featured a revised valve train. It first appeared in the 1951 M38Al
military model. The CJ-3B remained in production until 1968, and a total of 155,494 were
manufactured in the U.S.
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1953 Jeep CJ-3B

Kaiser-Jeep

In April, 1951, Willys-Overland was sold to the Henry J. Kaiser interests for $60 million. The name
was changed to Willys Motors. This would be the beginning of Kaiser’s influence on the future of 4WD
sport utility as the company began extensive research and development that would seek to broaden Jeep
product appeal in this area.

Kaiser introduced the 1955 CJ-5 whose production and popularity would reach all the way into the
1980s. It was slightly longer and wider than the Jeep CJ-3B, as it had an increased wheelbase. Constant
improvements in power plants, axles, transmissions and seating comfort made the Jeep CJ-5 the ideal
vehicle for the public’s increasing interest in off-road activities. Although very similar to the CJ-2A that
it replaced, it featured softer styling lines, including rounded body contours.

Model year 1956 saw the introduction of the CJ-6 work truck. Though there were many fans of the CJ-5,
it was limited by its 81 inch wheelbase. The CJ-6 maintained the CJ-5 powertrain (F-head 134), but had
a wheelbase which was a full 20 inches longer, and sheetmetal inserts ahead of the rear wheel openings.
This made it even more attractive as a work vehicle. Kaiser continued to produce both models mirroring
powertrain changes and upgrades.

For 1957, Kaiser released two cab-forward control models, the FC |50, and the FC170. Styling was
similar between the two, but the 170 was slightly larger with a longer wheelbase. It also featured a six
cylinder engine. The 150received the F-head 134 four cylinder. The powertrains were spun off from
earlier Jeep models, but styling was unique and was aimed at the utility market. Unfortunately, both
models yielded only modest customer interest and were soon discontinued.

Throughout the fifties production continued on the “Hurricane” engine which was then the most
economical and powerful engine in its class. This was the standard engine on the wagon with the
“Lightning,” the optional V-6.

Also during this time, Kaiser expanded the production Jeep CJ into a truly international symbol. In the
16 years of Kaiser ownership, manufacturing facilities were established in some 30 foreign countries,
and Jeep vehicles were marketed in more than 150 countries around the world.

By March 1963, Kaiser saw fit to change the company name to Kaiser-Jeep. For that same model year
Kaiser-Jeep released its first full-sized vehicles.
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1949 Jeep All-Steel Station Wagon
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Birth of the Sport Utility Vehicle

In anticipation of burgeoning growth in the crossover four-wheel-drive truck market, Kaiser-Jeep made
bold advances in this area. Targeting rural and suburban markets, they introduced the full size Gladiator
J—trucks and Wagoneers. These models were built to the wheelbase specifications of other U.S. truck
manufacturers. This was a major departure from the lighter, smaller vehicles produced under Willys-
Overland and Willys Motors.

The Wagoneer, powered by the first modern, mass-produced, overhead-cam six cylinder truck engine
(known as the “Tornado-OHC” six), could also be had with an industry-first automatic transmission on
a four-wheel-drive vehicle and independent front suspension. A larger V-8 engine produced by
American Motors Corporation (AMC) was also available by 1965. The Wagoneer was offered in two
and four-wheel-drive versions. This vehicle was bigger than the station wagon and the first of what
could properly be called a sport-utility vehicle. The second-generation Wagoneer also included a Super
Wagoneer Station Wagon that featured three-tone body striping, vinyl roof, chrome roof rack, full
wheel hubcaps and white-walled tires. It came with four-wheel-drive and power supplied from a 327
cubic inch V-8 engine, and, said Kaiser-Jeep, “constituted a unique and dramatic approach to the station
wagon market..designed for the prestige buyer who is rapidly becoming aware of the advantages of
four-wheel-drive. While being the ultimate in detailed elegance, the new vehicle still has all the
traditional versatility and ability of Jeep vehicles to go on or off-road.”

This, along with the J-series “Gladiator” pickup, was the first fresh non-military design from the
company since the all-steel station wagon and sporty two-wheel-drive Jeepster. Both the Wagoneer and
the Gladiator found a huge market with construction, agricultural and military buyers, and evolved into
a niche with everyday retail buyers who wanted a good looking all-terrain vehicle for fishing, skiing,
hunting, hauling and off-highway adventuring.

Ford, Chevrolet, and Dodge lagged far behind Jeep in this market, unable to offer any direct
competition until the late sixties. At the time, they only offered cumbersome work-oriented 4x4
pickups, and Chevrolet’s bland Suburban. Kaiser-Jeep had advanced in all areas of design with the
Wagoneer and Gladiator. Power accessory options never seen on a “truck” were now available, as well
as luxury appointments and a high style factor.

In the fall of 1965, the new “Dauntless” V-6 engine was introduced as an option on both the 81-inch
wheelbase CJ-5 and 101-inch wheelbase CJ-6. The 155 horsepower engine almost doubled the output of
the standard Hurricane four cylinder engine. It was the first time a Jeep CJ could be equipped with a V-6,
but would be only the beginning of available six cylinder engines that would come in the years to follow.

.
. e o T T

1972 Jeep Commando
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1989Jeep Grand Wagoneer Limited

For 1967, the Jeepster was reintroduced, and (as mentioned earlier) enjoyed much success. The timing
was right for a small sport-utility vehicle, as other manufacturers were shifting focus to this new
market. The Jeepster was built on the CJ-6 wheelbase and offered four-wheel-drive and the Dauntless
V-6 (rated at an impressive 160 hp).

The original Jeep had always enjoyed little or no direct competition until International produced the
first Scout model, and Ford produced its Bronco in the mid-sixties. Both of these models however were
considerably more expensive, so Jeep sales were not severcly impacted.

Similarly, the Wagoneer and Gladiator models were alone in their niche market until GM produced
upscale versions of the Suburban, Blazer and Jimmy models in 1969. Chrysler would produce the
Ramcharger and Trailduster, but not until 1974.

American Motors Corporation (AMC)

In 1970, after two decades of growth and international expansion, Kaiser-Jeep was bought by AMC.
Recognizing the value of the Jeep trademark, AMC created a division for it—the Jeep Corporation.
They also split civilian and military vehicle production, proving to be a wise decision as four-wheel-
drive vehicles became more popular than ever in the civilian market. By 1978, total Jeep vehicle
production was up to 600 vehicles a day, over three times what it had been at the start of the decade.

AMC’s connection to Jeep dates back to 1965 when they produced engines for Kaiser-Jeep (the 327
cubic inch V-8 and the 232 cubic inch in-line six). They would go on to eliminate the Dauntless V-6
and previously available GM 350 cubic inch V-8 from their lineup. In their place would come a 258
cubic inch (4.2L) in-line 6, and 304 and 360 cubic inch V-8s.

Through 1971, AMC/Jeep models remained largely unchanged from Kaiser designs. However, AMC
engineering changes appeared on 1972 models as shifts in engine technology and styling changes were
implemented to meet marketing goals.

AMC chose to market the CJ and Commando (Jeepster) vehicles from a strength and durability angle
using tag lines such as “with the guts to come on stronger than ever,” and “if a new Jeep vehicle can’t
take you there, maybe you ought to think twice about going.” All Jeep CJs came equipped with AMC-
built engines, and all were available with 304 or 360 cubic inch V-8 engines. More stringent emissions
standards in 1972, along with the availability of high torque in-line six engines, ended production of
the F-head 134. AMC also equipped both the CJ-5 and CJ-6 with heavier axles, brawnier brakes, a
wider track, and higher-capacity heater/defrosters. Of particular interest was the CJ-5 “Renegade”
package. It boasted a standard 304 cubic inch V-8, rollbar, full gauges, and identification trim. It also
came with its own tag line —“Jeep— The toughest four-letter word on wheels.”



JEEP HISTORY

17

The Wagoneer continued to endure competition from Ford and GM and maintain a sizeable hold on the
sport-utility market. Trim and accessory options were on par with luxury automobiles, and the
Wagoneer’s reputation garnered many repeat buyers. In 1972, the Wagoneer was outfitted with the
largest standard engine in the 4WD station wagon field — a258 cubic-inch, AMC-built OHV 6-cylinder.
In 1974, the Cherokee became the two-door version of the Wagoneer, and there was also the larger
Custom Wagoneer. A four-door model of the Cherokee would be available by 1977. Also introduced
to the Wagoneer line during the 1970s was Quadra-Trace®, an automatic full-time 4WD system. This
was another industry first.

In 1976, 35 years after the production of the original Jeep, AMC introduced the seventh generation of
the civilian Jeep, the CJ-7. For the first time, the CJ-7 offered an optional molded plastic top and steel
doors and came standard with a fully boxed frame to bolster chassis strength.

The full size J-trucks progressed during this time as well to stay competitive with the Big Three. The
401 cubic inch V-8 was offered in 1976. Prior to that engine availability ranged from the 232 cubic inch
in-line six up to the 360 cubic inch V-8. The big 401 was healthy on torque and horsepower and easily
kept pace with the other manufacturer’s offerings of the time.

By the mid-seventies, the family of big V-8s was available across the entire Jeep line. Two and four
barrel carburetor options were also available, giving the customer a choice based on application or
desire. However this availability, would be short-lived. Toward the late-seventies, emissions
regulations became considerably stricter, rendering large displacement engines impractical to produce.
The 401 was discontinued, and heavy duty/towing applications had to be reconfigured with 360 cubic
engines. In addition to this, taller rear axle ratios were used to meet EPA/CAFE standards.
Subsequently, full size truck performance diminished across the board with all manufacturers.

During this time, AMC released the CJ-8 Scrambler for the 1981 model year. It was a small pickup
truck based on the CJ-7, and would compete against the new compact pickups being produced by GM
and various foreign automakers.

Full-size trucks and sport-utilities were not the only victims of the new emissions regulations. In 1982,
AMC was forced to drop the 304 cubic inch V-8 option for CJ models as they were not able to achieve
acceptable performance levels under the new regulations.

With all the new restrictions in place, light truck engineering was heavily impacted. Across the board,
manufacturers had to utilize weight-saving body panels, lighter powertrain components and taller rear
axle ratios. This resulted in lowered engine performance and durability. The lighter parts met the
restrictions, but did not last in service. The “rough, powerful” image of the American truck suffered
damage, and the late-seventies/early eighties proved to be an awkward time for U.S. truck makers.

1988 Jeep Cherokee Limited

T 7111
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Beyond the weight-saving measures, and low-performance engines/gearing CJ models suffered further.
The CJ-5, noted for its off-road prowess and tight maneuverability, came under media scrutiny during
the 1983 model year. Initially designed for all-terrain use, the CJ-5 had a high overall ground clearance
and center of gravity. Additionally, its short wheelbase offered a good tight turning radius—all
considered desirable in an off-road situation. During a period of impassioned consumer advocacy and
public resentment toward American automobiles and manufacturers, the CJ- 5 was attacked for alleged
rollover vulnerability. While the allegations were never reasonably proven, AMC chose not to become
involved in a large-scale, high-visibility legal battle over the issue. Instead, they opted to discontinue the
ClJ-5, and continue production of the longer wheelbase, lower center of gravity CJ-7 and CJ-8 models.

1984 Cherokee Redefines the SUV

A market research program undertaken by American Motors Corporation culminated in the birth of the
modem Cherokee. Their research found that future markets lay in compact sport-utility vehicles. AMC
then invested $250 million into the design and production of the new compact Cherokee and Wagoneer
sport wagons for the 1984 model year. They were introduced to the press in late 1983 and immediately
received rave reviews. Additionally, despite the backlash directed toward the now-discontinued CJ-5, the
new Cherokee exceeded all sales and marketing expectations. In retrospect, AMC’s decision to abandon
the CJ-5 proved wise. Further controversy would likely have detracted from the new Cherokee. Instead,
despite the impassioned pleas of hard—core back country four wheelers who protested the CJ-S’s
passing, hordes of recently converted four wheelers rushed to buy the new compact wagon.

The new Cherokee was a unique and revolutionary vehicle. It measured in 21 inches shorter, 6 inches
narrower, 4 inches lower and weighed 1,000 pounds less than the Jeep Wagoneer (SJ) first introduced
in 1962. It was the only compact sport utility to offer two-door and four-door models at that time. It
was built as a uniframe body rather than using a traditional chassis and frame construction. Different
four-wheel-drive systems, including Command-Traco and Selec-Trace, offered either part-time or full-
time four-wheel traction. Various interior and exterior styling, comfort and off-road performance
packages were also offered. The model line continued largely unchanged into the 1990s, although many
revisions and improvements were made during that time.
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Interior appointments were on par with the new competition (GM’s S Blazer and Ford’s Bronco IT). The
Cherokee was ultimately named “4x4 of the Year” by three magazines in 1984.

Consumers immediately liked the new package, especially the four doors. American tastes and
purchasing trends had changed and were now geared toward a more practical vehicle. The awkward rear
seat entry was a complaint of the two door utility models for some time. With four doors, the Cherokee
allowed for easier access, and supplanted many family station wagons. Four-wheel-drive was also
popular for its perceived added safety and ability to better navigate poor roads and winter conditions.

The Cherokee’s standard powerplant was the 150 cubic inch in-line four cylinder. This engine had been
used previously in CJ models. Given the Cherokee’s relatively light curb weight of around 3,000
pounds, this engine offered decent performance. The optional 2.8 V-6 engine offered modest
horsepower gains, but with a negative trade-off.

The V-6 was plagued with a marginal performance carburetor and a poorly designed rear main seal that
was prone to leaks. Worse than the leak, the cure for the main seal involved engine removal and block
machining to properly seat the upgraded seal. Even with these setbacks, Cherokee sales were still high,
and it became AMC’s premier model. Recognizing the need for better performance and to stay on par
with the competition’s growing powerplants, a 4.0l in—line six cylinder engine was made available for
the 1987 Cherokee.

A direct descendant of the carbureted 4.2L in-line six introduced in 1971, the new 4.0L engine offered
multi-point fuel injection and produced a healthy 177 horsepower. AMC also offered this powerplant
in their new for 1987 Comanche pickup. Based on the Cherokee, it was built on the same platform. The
powerful six cylinder proved to be both an engineering and marketing success for AMC. Sales
increased and AMC claimed a majority market share from GM and Ford.

The Cherokee and Comanche had also gained wide popularity in racing circles. As part of Jeep
Motorsports, the two vehicles (and to a limited extent the CJ models) participated in both on and off-
road racing events. Jeep vehicles were posting wins in thousand mile long desert Baja-type
competitions, as well as 24-hour endurance challenges. Of course, it might be expected for Jeep to have
a good showing in these events because of their inherent off-road design, but they performed well on
street courses as well.

1989 Jeep Wagoneer Limited

T 7T
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1987 Jeep Wrangler

Enter The Wrangler

The 1987 model year also saw the redesign of the CJ model. While the growing market for compact
4WD vehicles still sought the utilitarian virtues of the Jeep CJ series, consumers also were seeking
more of the “creature features” associated with the typical passenger car. AMC responded to this
market demand by discontinuing the CJ series and by introducing the 1987 Jeep Wrangler (YJ). The
Wrangler had nearly the same wheelbase of the CJ-7 and shared its familiar open-body profile.
Similarities to the CJ ended there, as the Wrangler contained few common parts with its famous
predecessor. In fact, mechanically, the Wrangler had more in common with the Cherokee (XJ) than the
CJ. Due to the CJ-5 controversy, the Wrangler was given a wider stance and a lower center of gravity.
This caused low ground clearance and inhibited trail use to a degree, but did not seriously impact sales.

With the Wrangler, AMC was able to improve the comfort, ride quality and appearance while
preserving the durability and unrivaled off-road prowess of the Jeep CJ model. It now appealed to an
entirely new buyer. Relying on the CJ heritage and off-road image, the new Wrangler was still a back
country rover, but now also an urban sportster. A typical Wrangler, while still off-road capable, spent
more time on the highway and in the city. It could serve all transportation needs, and found a new niche
with active youthful customers. Like the Cherokee, Wrangler had a long list of options offering more
than the austere stark style of the earlier CJs. Its upscale interior, solid doors, full instrumentation, and
full power options reflected the tastes of the modern Jeep buyer.

- T TTT
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Chrysler Corporation Buys AMC

While the 1987 model year saw changes in AMC’s vehicle lineup, the 1987 calendar year saw greater
changes at the corporate level. Jeep trucks were the success story at AMC. Despite awkward mergers
and partnerships with foreign automakers, the Jeep division provided great profit and worldwide
recognition. On August 5, 1987, a little more than a year after the introduction of the Wrangler,
American Motors Corporation was sold to Chrysler Corporation and the popular Jeep brand became a
part of the Jeep/Eagle Division of Chrysler. Jeep vehicles now benefited from a worldwide dealer
network and support, as well as a highly advanced parts network (Mopar).

Ironically, if Walter P. Chrysler had not allowed John North Willys the use of floating power to build his
Willys 77, Willys-Overland probably would have folded and AMC would not have had Jeep to buy in 1970.
Without Jeep, perhaps there would have been no incentive for Chrysler Corporation to purchase AMC.

The Jeep models underwent minor changes and revisions under Chrysler in the late eighties and early
nineties. The Wrangler benefited from the large 4.0L in-line six as an option, giving it one of the most
powerful engines in its class. New interior and exterior trim levels were offered. As a result, Jeep sales
remained steady under the new ownership.

In the early nineties Jeep engineers developed a right-hand drive version of the Cherokee. This
produced a model that made it possible to sell to domestic mail fleets and to export markets in Britain,
Australia and Japan. Jeep engineers had one more model to add to this winning new range: the Grand
Wagoneer Limited. It was introduced as the ultimate luxury performance model, powered by an
electronically fuel-injected 360 cubic inch V-8 engine. But with the introduction of the 1993 Grand
Cherokee, the Grand Wagoneer Limited was discontinued.

- S
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Loosely based on the modem Cherokee (XJ), the Grand Cherokee was slightly larger, with a more rugged
appearance. A practical four-door model, it offered varying trim levels, powertrain options, and four-
wheel-drive configurations. It also inherited the SUV-pioneering uniframe construction. The 4.0L six
cylinder remained the standard powerplant, with a large displacement 5.2L V-8 as an option. A 5.9L V-
8 was even offered as a limited edition, giving the Grand Cherokee loads of performance and horsepower.

Wrangler and Cherokee styling were redesigned and refined for the 1997 model year (production on
the 1996 Wrangler was cancelled due to the reworking). As a result, Petersen’s 4-Wheel & Off-Road
named Wrangler its “4x4 of the Year,” and Four Wheeler Magazine named Cherokee its “Four Wheeler
of the Year” in 1997.

The current (1999) Grand Cherokee has received some upgrades as well. Subtle exterior styling
changes give it a more rounded, smooth look. A new V-8 engine, the 4,7L Power Tech, offers increased
durability, greater horsepower, faster acceleration, and better fuel economy increased durability than its
5.2L predecessor. It even weighs less by approximately 54 pounds. New steering linkage, a new
steering gear, and optimized steering geometry improve ride and handling and afford more precise
steering response and improved vehicle control.
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1994 Jeep Grand Cherokee

1999Jeep Grand Cherokee

DaimlerChrysler and Beyond

In 1998, Chrysler Corporation merged with Daimler-Benz to become DaimlerChrysler. It’s difficult to
guess what direction Jeep models may head toward in the future, but they continue to be sales and
industry leaders. The current versions combine better than 50 years of engineering and technological
excellence with classic styling and practicality. Whatever the future may hold, it’s safe to say that Jeep’s
place in automotive history has already been assured.

T 7T
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Additional Jeep Information

For more information on Jeep history, as well as information helpful when shopping for your first (or
second?) Jeep, visit the Jeep website at www.jeepunpaved.com or consult the following publication:

Jeep Owner’s Bible

Automotive writer Moses Ludel has assembled a 335 page ‘bible’ of Jeep information, including
everything from the history and development of the legendary Jeep, to tune-up, maintenance and
repair procedures. Ludel’s manual also covers high performance tuning and off-road driving tips.

P524943 1 Jeep Owner’s Bible

Jeep Commander Concept Vehicle

1998 Jeep Wrangler Sahara


http://www.jeepunpaved.com
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Note: The following procedures for the 2.5L Power Tech In-Line 4 cylinder engine are intended to be performed in-
vehicle, on a dynamometer, or as an individual change/modification.

In addition to the information contained in this chapter, much of the information contained 1n Chapter 4, 4-0L Power Tech
In-Line 6, is generic to all Jeep engines (including the 2.5L). Therefore, in addition to this chapter, we highly recommend

that all2.5L. engine owners read Chapter 4 in its entirety.

For additional 2.5L engine general service information, refer to the proper service manual.

Introduction

The Jeep 2.5 liter (150 cubic inch displacement) engine is a
cast iron, overhead valve, In-Line 4 cylinder design. It has a
standard bore and stroke of 98.45 x 80.97 mm (3.876 x
3.188"), and a9.2:1 compression ratio.

The2.5L has a liquid cooled, forced circulation cooling system
with a capacity of 9.5L (10 quarts—MI/XJ vehicles);8.5L (9
quarts — YJ vehicles). The cylinders are numbered 1 through 4
from front to rear. The firing order is 1-3-4-2 (Figure 2-1).

For more information, refer to 2.5L Engine Specifications,
'Engine Assembly' section of this chapter.

2.5L Engine General Specifications

Note: The following information has been reprinted from
the 1999 Jeep Wrangler Service Manual.

Engine Type ........... In-Line 4-cylinder

Bore and Stroke ........ 98.4x 81.0mm (3.88x 3.19")
Displacement .......... 2.5L (150 CID)

Compression Ratio ......9.1:]

Firing Order ........... 1-3-4-2

Lubrication ............ Pressure Feed-Full

Flow Filtration

Cooling System ........ Liquid Cooled-Forced
Circulation

Cylinder Block ......... Cast Iron

Crankshaft. ............ Cast Nodular Iron

Cylinder Head. ......... Cast Iron

Camshaft ............. Cast Iron

Pistons ............... Aluminum Alloy

Combustion Chamber . . .. Dual-Quench

Connecting rods ........ Cast Malleable Iron
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Block

Flywheel Attaching Package

Bolts required to attach flywheel and clutch to new engine
assembly. Includes 6 flywheel bolts, 6 clutch bolts, and a
pilot bearing.

P4529667 Flywheel attaching package.

Drive Plate Attaching Package

Bolts required to attach torque converter drive plate to the
crankshaft and to attach the torque converter to the drive
plate. Includes 6 flywheel bolts and 4 torque converter bolts.

P4529249 Drive plate attaching package.

FIRING ORDER:
1 3 4 2
CLOCKWISE
ROTATION

Figure 2 - 1
DISASSEMBLY AND ASSEMBLY PROCEDURES

Short Block Disassembly

1. Drain the engine oil. Remove and discard the oil filter.

2. Remove the water pump and distributor from the
cylinder block.

3. Remove the vibration damper using vibration damper
removal tool (Figure 2-2).

4. Remove the timing case cover (Figure 2-3) and lay
upside down.

5. Position a drift punch into the slot (Figure 2-4) in the
back of the cover and tap the old seal out.

6. Remove the timing chain bumper (Figure 2-4).
7. Remove the oil slinger from the crankshaft.

8. Remove the camshaft retaining bolt and remove the
sprockets and chain as an assembly (Figure 2-5).

9. Remove the camshaft (Figure 2-6).

10. Remove the oil pan, gaskets and scals.

11. Remove the timing chain tensioner (Figure 2-7).
12. Remove the front and rear oil galley plugs.

13. Remove the connecting rods and the pistons. Remove
the connecting rod and piston assemblies through the
top of the cylinder bores

14. Remove the crankshaft.

VIBRATION DAMPER
REMOVAL TOOL

Figure 2 - 2

T(!J'\AISNEG CAMSHAFT
\ COVER

5 ‘,-" o ‘
v‘/ ".:
o3
) |
o J ;
/= CRANKSHAFT

' 19009-30

Figure 2 - 3
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TIMING
CHAIN
BUMPER

TIMING CHAIN \
y TENSIONER
SLOT J8909-116 J8909-117
Figure 2 - 4 Figure2 -7
Cleaning
CAMSHAFT Thoroughly clean the oil pan and engine block gasket
SPROGKET -‘ surfaces

Use compressed air to clean out:

e The galley at the oil filter adapter hole, the filter bypass
hole (Figure 2-8)

CHAIN ® The front (Figure 2-9) and rear (Figure 2-10) oil
‘ galley holes

e The feed holes for the crankshaft main bearings

Once the block has been completely cleaned, apply Loctite

\ SPROCKET PST pipe sealant with Teflon 592 to the threads of the oil
19009-26 galley plugs and tighten them to 41 Nem (30 ft-1bs) torque.

Figure 2 -5 FILTER BYPASS

OIL FILTER
ADAPTOR HOLE J9009-50

CAMSHAFT

CRANKSHAFT Figure 2 - 8
J9009-31

Figure 2- 6
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FRONT OIL
GALLEY HOLE

J9009-51

lEAR OIL
GALLEY

HOLE J9009-52

Figure 2- 10

Cylinder Bore Measurement

1.

It is mandatory to use a dial bore gauge to measure
each cylinder bore diameter (Figure 2-11). To correctly
select the proper size piston, a cylinder bore gauge
capable of reading in 0.003 mm (.0001")
INCREMENTS is required. If a bore gauge is not
available, DO NOT use an inside micrometer.

Measure the inside diameter of the cylinder bore at
three levels below top of bore. Start perpendicular
(across or at 90 degrees) to the axis of the crankshaft
and then take two additional readings.

Measure the cylinder bore diameter crosswise to the
cylinder block near the top of the bore. Repeat the
measurement near the middle of the bore, then repeat
the measurement near the bottom of the bore.

Determine taper by subtracting the smaller diameter
from the larger diameter.

Rotate measuring device 90° and repeat steps above.

Determine out-of-roundness by comparing the

difference between each measurement.

If cylinder bore taper does not exceed 0.025 mm
(0.001") and out-of-roundness does not exceed 0.025
mm (0.001"), the cylinder bore can be honed. If the
cylinder bore taper or out-of-round condition exceeds
these maximum limits, the cylinder must be bored and
then honed to accept an oversize piston. A slight
amount of taper always exists in the cylinder bore after
the engine has been in use for a period of time.

Figure 2 - 11

Cylinder Bore Reconditioning

Caution: DO NOT use rigid type hones to remove
cylinder wall glaze.

1.

T

Use an expanding type hone on the cylinder bore to
remove glaze for faster piston ring seating. Move the
hone down and up (stroke) at sufficient speed to produce
a uniform 60° angle crosshatch pattern on the cylinder
walls. DO NOT use more than ten (10) strokes per
cylinder (one stroke is one down-and-up movement).

Scrub the cylinder bores clean with a solution of hot
water and detergent.

Immediately apply light engine oil to the cylinder
walls. Wipe with clean, lint-free cloth.

T T
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Short Block Assembly

R A

Install the crankshaft.

Install the connecting rods and the pistons through the
top of the cylinder bores.

Install the front and rear oil galley plugs.
Install the timing chain tensioner.

Install the camshaft.

Install the sprockets and chain as an assembly.
Install the oil slinger to the crankshaft.

Install the timing chain bumper.

Install the timing case cover seal.

[0.

11.
12.
13.

14.

15.

16.
17.
18.

Install the timing case cover.
Install the oil pan gasket and oil pan.
Install the vibration damper.

Install the water pump. Tighten the mounting bolts to
31 Nem (270 in-1bs) torque.

Remove the distributor from the cylinder block.

Lubricate the oil filter seal with clean engine oil.
Tighten oil filter to 18 Nem (13 ft-1bs) torque.

Install the engine into the vehicle.
Fill the engine with clean lubrication oil.

Fill the cooling system.
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Crankshaft

INTRODUCTION

The 2.5L engine uses a cast nodular iron crankshaft that
rotates within five (5) main bearings and has a standard
bore and stroke of 98.45 x 80.97 mm (3.876 x 3.188").
Crankshaft rotation is clockwise, when viewed from the
front of the engine.

The crankshaft has a main bearing journal diameter of
63.489-63.502 mm (2.4996-2.5001"), and main bearing
journal widths of (No. 1)27.58-27.89 mm (1.086-1.098"),
(No. 2) 32.28-32.33 mm (1.271-1.273"), and (Nos. 3,4 and
5)30.02-30.18 mm (1.182-1.188").

The crankshaft has a connecting rod journal diameter of
53.17-53.23 mm (2.0934-2.0955") and a connecting rod
journal width of 27.18-27.33 mm (1.070-1.076").

For more crankshaft specifications, refer to 2.5L Engine
Specifications, 'Engine Assembly' section of this chapter.

High Performance Crankshaft

Factory engineered high performance crankshaft is
carefully inspected and magna-fluxed. Includes bearings.
Stock stroke length. For 2.5 engine only.

P4529646 High performance crankshaft.

CRANKSHAFT MAIN BEARINGS

Street Performance Bearings

These production style main bearings are made from AL6
aluminum. Package includes complete engine set.
Standard size. For 2.5L engine only.

P4529648 Street performance bearings.

Removal

1. Disconnect the battery negative cable.
2. Remove the spark plugs.

3. Raise the vehicle.
4

Remove the oil pan and oil pump as outlined in the
'Oiling System' section of this chapter.

5. Remove only one main bearing cap and lower insert at
a time (Figure 2-12).

6. Remove the lower insert from the bearing cap.

7. Remove the upper insert by loosening (DO NOT

remove) all of the other bearing caps and inserting a
small cotter pin tool in the crankshaftjournal oil hole.

Bend the cotter pin as illustrated to fabricate the tool
(Figure 2-13). With the cotter pin tool in place, rotate
the crankshaft so that the upper bearing insert will
rotate in the direction of its locking tab.

Note: Because there is no hole in the No. 2 main
journal, use a tongue depressor or similar soft-faced
tool to remove the bearing insert (Figure 2-13). After
moving the insert approximately 25 mm (1"), remove
it by applying pressure under the tab.

Using the same procedure just described, remove the
remaining bearing inserts (one at a time) for inspection.

CONNECTING
ROD JOURNAL

S 4
S
MAIN BEARING CAPS 18909-144
Figure 2 - 12

Figure 2- 13
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Inspection

®  Wipe inserts clean and inspect for abnormal wear
patterns and for metal or other foreign material
imbedded in the lining. Normal main bearing insert
wear patterns are shown in Figure 2-14.

Note: If any of the crankshaft journals are scored,
remove the engine for crankshaft repair.

® Inspect the back of the inserts for fractures, scrapings,
or irregular wear patterns.

® Inspect the upper insert locking tabs for damage.

® Replace all damaged or worn bearing inserts.

UPPER

INSERY NO WEAR IN
THIS AREA

LOW AREA
IN BEARING
LINING

LOWER
INSERT

"FAYTERN ON
IONER INSERT 19009-90

Figure 2 - 14
Fitting

The main bearing caps, numbered (front to rear) from 1
through 5 have an arrow to indicate the forward position.
The upper main bearing inserts are grooved to provide oil
channels while the lower inserts are smooth. Crankshaft
end play is controlled by the thrust bearing which is flanged
and installed at the No. 2 main bearing position.

Each bearing insert pair is selectively fit to its respective
journal to obtain the specified operating clearance. In
production, the select fit is obtained by using various sized,
color-coded bearing insert pairs as listed in the Main
Bearing Fitting Chart (refer to the proper service manual).
The bearing color code appears on the edge of the insert.

Note: The size is not stamped on bearing inserts used for
engine production.

The main bearing journal size (diameter) is identified in
production by a color-coded paint mark on the adjacent
cheek toward the flanged (rear) end of the crankshaft,
except for the rear main journal. The paint mark that
identifies the rear main journal diameter is on the
crankshaft rear flange.

Refer to the Main Bearing Fitting Chart (refer to the proper
service manual) to select the proper bearing inserts to
obtain the specified bearing clearance. Refer to 2.5L Engine
Specifications, 'Engine Assembly' section of this chapter,
for the correct main bearing clearances.

When required, upper and lower bearing inserts of different
sizes may be used as a pair. A standard size insert is
sometimes used in combination with a 0.025 mm (0.001")
undersize insert to reduce the clearance by 0.013 mm
(0.06005"). Refer to Figure 2-15.

Note: Never use a pair of bearing inserts with greater than
a 0.025 mm (0.001")difference in size.

Example: When replacing inserts, install the odd size
inserts either all on the top (in cylinder block) or all on the
bottom (in main bearing cap).

Insert Correct Incorrect

Upper Standord Standard

0.025 mm (0.001in.) | 0.051 mm (0.002in.)

lower Undersize Undersize

19109-179
Figure 2 - 15

Main Bearing-to-Journal Clearance-Crankshaft
Installed

When using Plastigauge, check only one bearing clearance
at a time.

1. Install the grooved main bearings into the cylinder block
and the non-grooved bearings into the bearing caps.

2. Install the crankshaft into the upper bearings dry.

3. Place a strip of Plastigauge across full width of the
crankshaft journal to be checked.

4. Install the bearing cap and tighten the bolts to 108 Nem
(80 ft-1bs) torque.

Note: DO NOT rotate the crankshaft. This will cause
the Plastigauge to shift, resulting in an inaccurate
reading. Plastigauge must not be permitted to crumble.
If it is brittle, obtain fresh stock.

5. Remove the bearing cap. Determine the amount of
clearance by measuring the width of the compressed
Plastigauge with the scale on the Plastigauge envelope
(Figure 2-16). The correct clearance is 0.0254 to
0.0635 mm (.0010 to ,0025") for all main bearing
journals, with 0.051 mm (0.002") preferred.



2.5L POWER TECH IN-LINE 4 (CRANKSHAFT) 35

Plastigauge should indicate the same clearance across the
entire width of the insert. If clearance varies, it may indicate a
tapered journal or foreign material trapped behind the insert.

If the specified clearance is indicated and there are no
abnormal wear patterns, replacement of the bearing inserts is
not necessary. Remove the Plastigauge from the crankshaft
journal and bearing insert. Proceed to Installation.

If the clearance exceeds specification, install a pair of 0.025
mm (0.001") undersize bearing inserts and measure the
clearance as described in the previous steps. The clearance
indicated with the 0.025 mm (0.001") undersize insert pair
installed will determine if this insert size or some other
combination will provide the specified clearance.

Example: If the clearance was 0.0762 mm (0.003")
originally, a pair of 0.0254 mm (0.001") undersize inserts
would reduce the clearance by 0.0254 mm (0.001"). The
clearance would then be 0.051 mm (0.002") and within the
specification. A 0.051 mm (0.002") undersize bearing insert
and a 0.0254 mm (0.001") undersize insert would reduce the
original clearance an additional 0.0127 mm (0.0005") and
the clearance would then be 0.0381 mm (0.0015").

Caution: Never use a pair of inserts that differ more than
one bearing size as a pair. For example, DO NOT use a
standard size upper insert and a 0.051 mm (0.002")
undersize lower insert.

If the clearance exceeds the specification using a pair of
0.051 mm (0.002") undersize bearing inserts, measure the
crankshaft journal diameter with a micrometer. If the
journal diameter is correct, the crankshaft bore in the
cylinder block may be misaligned, which requires cylinder
block replacement or machining to true bore.

If the diameter for journals 1 through 5 is less than 63.4517
mm (2.4981"), replace the crankshaft or grind the crankshaft
down to accept the appropriate undersize bearing inserts.

Once the proper clearances have been obtained, remove the
crankshaft and proceed to Installation.

PLASTIGAGE
SCALE

COMPRESSED'
PLASTIGAGE 19009-42

Figure 2- 16

Main Bearing Journal Diameter—Crankshaft
Removed

Clean the main bearing journal of oil.

Determine the maximum diameter of journal with a
micrometer. Measure at two locations 90" apart at each end
of the journal.

The maximum allowable taper and out of round is 0.013 mm
(0.0005"). Compare measured diameter with the journal
diameter specification listed in the Main Bearing Fitting
Chart (refer to the proper service manual) and select inserts
required to obtain the specified bearing-to-journal clearance.

Installation

1. Lubricate the bearing surface of each insert with
engine oil.

2. Loosen all the main bearing caps. Install the main
bearing upper insert(s).

Install the lower bearing inserts into the main bearing caps.
Install the main bearing cap(s) and lower insert(s).

Clean the rear main bearing cap (No. 5) mating surfaces.

S

Apply Mopar Gasket Maker (or equivalent) to the rear
bearing cap (Figure 2-17). The bead should be 3 mm
(0.125 in) thick. DO NOT apply Mopar Gasket Maker
(or equivalent) to the lip of the seal.

7. Install the rear main bearing cap. DO NOT strike the
cap more than twice for proper engagement.

8. Tighten the bolts of caps I, 3, 4 and 5 to 54 Nem
(40 ft-1bs) torque. Now tighten these bolts to 95 Nem
(70 ft-lbs) torque. Finally, tighten these bolts to 108
Nem (80 ft-1bs) torque.

9. Push the crankshaft forward and backward. Load the
crankshaft front or rear and tighten cap bolt #2 to 54 Nem
(40 ft-Ibs) torque. Then tighten to 95 Nem (70 ft-1bs)
torque, and finally tighten to 108 Nem (80 ft-1bs) torque.
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10. Rotate the crankshaft after tightening each main
bearing cap to ensure the crankshaft rotates freely.

11. Check crankshaft end play. Refer to Crankshaft End
Play, in this section, for the procedure.

12. If the crankshaft was removed, install the crankshaft
into the cylinder block.

13. Install the oil pan.

14. Install the drain plug. Tighten the plug to 34 N-m
(25 ft-1bs) torque.

15. Install new rear main seal.
16. Lower the vehicle.

17. Install the spark plugs. Tighten the plugs to 37 N-m
(27 ft-lbs) torque.

18. Fill the oil pan with engine oil to the safe mark on
the dipstick.

19. Connect the battery negative cable.

DOWEL DOWEL
SLoT

\

REAR FACE
O ﬂ 4 OF CYLINDER —~|

r| émm
( 0.25in.)
SEALER
LOCATIONS< " L
\ 2.3mm
1 (0.091in,)

O Hl ¥ (D.::;“S"I‘n.)

SEALER
LOCATIONS

L~ AN X
REAR CAP CYLINDER BLOCK
0
GROOVE
Figure 2 - 17

Crankshaft End Play

1. Attach a magnetic base dial indicator to the cylinder
block at either the front or rear of the engine.

2. Position the dial indicator rod so that it is parallel to the
centerline of the crankshaft.

3.  Pry crankshaft forward and position dial indicator to zero.

4. Pry the crankshaft forward and backward. Note the dial
indicator readings. End play is the difference between
the high and low measurements (Figure 2-18). Correct

end play is 0.038 to 0.165 mm (0.0015 to 0.0065").

The desired specifications are 0.051 to 0.064 mm
(0.002 to 0.0025").

5. [If end play is not within specification, inspect crankshaft
thrust faces for wear. If no wear is apparent, replace the
thrust bearing and measure end play. If end play is still
not within specification, replace the crankshaft.

DIAL
INDICATOR

Figure 2 - 18
ENGINE DAMPER

(Refer to Figure 2-19.)

Removal

I. Disconnect the battery negative cable.

2. Remove the top and bottom damper nuts.

3. Remove the outer retainers and bushings.

4. Remove the top damper bracket nut and bolts.
5

Remove the bracket, inner retainers, bushings and
the damper.

Installation

1. Install the damper on the lower bracket with the lower
inner retainer and bushing in place.

2. Install the upper inner retainer and bushing on the top
of the damper.

3. Position the upper damper bracket over the damper and
install the stud nut and bolts.

4. Tighten the stud nut to 23 Nem (17 ft-1bs) torque and
tighten the bracket bolts to 61 Nem (45 ft-Ibs) torque.

Install the bushing, upper outer retainer and damper nut.
Install the bushing, lower outer retainer and damper nut.

Tighten the upper and lower damper nuts.

® 9 & =

Connect the battery negative cable.
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UPPER QUTER
RETAINER
BUSHING
>

UPPER INNER
RETAINER

- LOWER INNER
8: RETAINER
BUSHING

BUSHING

LOMER
SHOCK ABSORBER -
BRACKET

LOWER OUTER
RETAINER

J8909-3

Figure 2 - 19

VIBRATION DAMPER

Vibration Damper

Production-type replacement vibration damper compatible
with production crankshaft and piston-rod weight. For
2.5L engine only.

P4529669 Vibration damper.

Damper Attaching Package

Includes bolt, washer, oil slinger, and three keys. For 2.5L
and 4.0L engines only.

P4529677 Damper attaching package.

Removal

1. Disconnect the battery negative cable.
2. Remove the drive belt(s) and fan shroud, if equipped.

3. If equipped with a crankshaft pulley for accessory

drive belts, remove the retaining bolts and separate the
crankshaft pulley from the vibration damper.

4. Remove the vibration damper retaining bolt and washer.

5. Use a vibration damper removal tool to remove the
damper from the crankshaft (Figure 2-2).

Installation

1. With the key in position, align the keyway on the
vibration damper hub with the crankshaft key and tap
the damper onto the crankshaft.

2. Install the vibration damper retaining bolt and washer.

3. Torque the damper retaining bolt to 108 Nem
(80 ft-1bs).

4. If equipped with a crankshaft pulley for the accessory
drive belts, install the crankshaft pulley and retaining
bolts.

5. Tighten the bolts to 27 Nem (20 ft-1bs) torque.

6. Install the drive belt(s) and tighten to the specified
tension.

7. Connect the battery negative cable.
TIMING CASE COVER

(Refer to Figure 2-20.)
Removal

. Disconnect the battery negative cable.
2. Remove accessory drive belts.

3. Remove the accessory drive brackets that are attached
to the timing case cover.

4. Remove the fan and hub assembly and remove the
fan shroud.

5. Remove the A/C compressor (if equipped) and
alternator bracket assembly from the cylinder head and
move to one side.

6. Use a vibration damper removal tool to remove the
damper from the crankshaft (Figure 2-2).

7. Remove the oil pan-to-timing case cover bolts and
cover-to-cylinder block bolts.

8. Remove the timing case cover front seal and gasket
from the engine.

9. Cut off the oil pan side gasket end tabs and oil pan
front seal tabs flush with the front face of the cylinder
block and remove the gasket tabs (Figure 2-21).

10. Clean the timing case cover, oil pan and cylinder block
gasket surfaces.

11. Remove the crankshaft oil seal from the timing case
cover (Figure 2-20).

T TN
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6. Position the timing case cover on the cylinder block.
7. Insert timing case cover alignment and seal installation
VIBRATION TIMING tool in the crankshaft opening in the cover (Figure 2-22).
DAMPER
PULLEY 8. Install the cover-to-cylinder block bolts and the oil
pan-to-cover bolts.

9. 'Tighten the cover-to-cylinder block bolts to 7 Nem (62
in-1bs) torque and the oil pan-to-cover bolts to 13 Nem
(11 ft-1bs) torque.

10. Remove the cover alignment tool and position a
replacement oil seal on the tool with the seal lip facing
outward. Apply a light film of Perfect Seal or

CRANKSHAFT equivalent on the outside diameter of the seal. Lightly
coat the crankshaft with engine oil.
OIL SEAL . g
11. Position the tool and seal over the end of the crankshaft
. and insert a draw screw tool into the seal installation
Figure 2 - 20 tool (Figure 2-23).
12. Tighten the nut against the tool until it contacts the cover.
OIL PAN 13. Remove the tool and apply a light film of engine oil on
SIDE the vibration damper hub contact surface of the seal.
GASKET
5235 14. With the key inserted in the keyway in the crankshaft,
install the vibration damper, washer and bolt. Lubricate
and tighten the bolt to 108 Nem (80 ft-1bs) torque.

15. Install the crankshaft pulley. If equipped with a
serpentine drive, the pulley is integral with the damper
and they are installed as a unit. Tighten the bolts to 27
Nem (20 ft-1bs) torque.

16. Install the A/C compressor (if equipped) and the

Ol PAN alternator bracket assembly.
(SDE'LALP%L“BSFRONT' 19009-22 17. Install the engine fan and hub assembly and shroud.

18. Install the drive belt(s) and tighten to obtain the

Figure 2 - 27 specified tension.
Installation 19. Connect the battery negative cable.

I

Install a new seal in the timing case cover using a seal
installation tool (Figure 2-22).

Apply sealing compound (Mopar Gasket-in-a-Tube, or
equivalent) to both sides of the replacement timing
case cover gasket and position the gasket on the
cylinder block.

Cut the end tabs off the replacement oil pan side
gaskets corresponding to those cut off the original
gasket (Figure 2-21). Attach the end tabs to the oil pan
with cement.

Coat the front cover seal end tab recesses generously with
RTV sealant (Mopar Gasket-in-a-Tube, or equivalent)
and position the seal on the timing case cover.

Apply engine oil to the seal-to-oil pan contact surface.
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TIMING CASE

COVER ALIGNMENT
AND SEAL INSTALLATION
TOOL

19009-23

SEAL
INSTALLATION
TOOL

Figure 2 - 23

TIMING CHAIN AND SPROCKETS

The timing chain tensioner reduces noise and prolongs timing
chain life. In addition, it compensates for slack in a worn or
stretched chain and maintains the correct valve timing.

Timing Chain and Sprockets Set

This kit is the ideal service replacement package for Jeep
2.5L 4-cylinder engines. The package includes single
roller timing chain and sprockets.

P4529822 Timing chain and sprockets set.

Jeep Gear Drives

Replace conventional Jeep timing chain and gear sets and
eliminate chain induced cam timing fluctuations with this
Mopar Performance Parts dual idler gear drive camshaft
centerlining drive system. Rugged and durable for off-
road applications. Fits all 4.0L, 4.2, and 2.5L Jeep
engines.

P5249009 Jeep gear drives.

All-out Race Chain and Sprockets

Cloyes matched sprockets and double roller chain for all-
out race applications. Has three matched keyways to
adjust cam timing. Kit includes Magna-fluxed sprockets
and roller timing chain. For 2.51. and 4.0L engines only.

P5249519 All-out race chain and sprockets.

Removal

1.

2
3.
4

he

Disconnect the battery negative cable.
Remove the fan and shroud.
Remove the drive belt(s).

Remove the crankshaft vibration damper and the
pulley (Figure 2-2).

Remove the timing case cover.

Rotate the crankshaft until the zero timing mark on the

crankshaft sprocket is closest to and on a centerline with
the timing mark on the camshaft sprocket (Figure 2-24).

Remove the oil slinger from the crankshaft.

Remove the camshaft retaining bolt and remove the
sprockets and chain as an assembly.

To replace the timing chain tensioner, the oil pan must
be removed. Refer to Oil Pun Removal, ‘Oiling
System’ section of this chapter for the procedure.

Installation

l.

Turn the tensioner lever to the unlock (down) position
(Figure 2-25).

Pull the tensioner block toward the tensioner lever to
compress the spring. Hold the block and turn the
tensioner lever to the lock (up) position (Figure 2-25).

Apply Mopar Silicone Rubber Adhesive Sealant to the
keyway in the crankshaft and insert the key. With the
key in the crankshaft keyway, install the
crankshaft/camshaft sprockets and timing chain.
Ensure the timing marks on the sprockets are properly
aligned (Figure 2-26).

1
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9.

10.

Install the camshaft sprocket retaining bolt and washer
and tighten the bolt to 108 Nem (80 ft-1bs) torque.

To verify correct installation of the timing chain, turn
the crankshaft to position the camshaft sprocket timing
mark at approximately the one o’clock position (Figure
2-26). This positions the crankshaft sprocket timing
mark where the adjacent tooth meshes with the chain at
the three o’clock position. Count the number of chain
pins between the timing marks of both sprockets.
There must be 20 pins.

Turn the chain tensioner lever to the unlocked (down)
position (Figure 2-25).

Install the oil slinger.
Replace the oil seal in the timing case cover.
Install the timing case cover and gasket.

With the key inserted in the keyway in crankshaft,
install the vibration damper, washer and bolt. Lubricate
and tighten the bolt to 108 Nem (80 ft-lbs) torque.

Install the fan and shroud.

. Connect negative cable to battery.

TIMING
MARKS

19009-25

Figure 2 - 24

L

TENSIONER
BLOCK
TENSIONER
LEVER 19009-27
Figure 2 - 25
CAMSHAFT ONE O'CLOCK
SPROCKET
20 PINS
L J
THREE
O’CLOCK
POSITION
“RANKSHAFT
PROCKET 19009-28

Figure 2 - 26

TIMING CASE COVER OIL SEAL REPLACEMENT

Timing Case Cover Removed

1.
2.
3.

Disconnect the battery negative cable.
Pry oil seal out of cover from front with a large pry tool.

Install the replacement seal so that the open end of the
seal is toward the inside of the cover.

Support the cover at the seal area while installing the
seal and force it into position with seal installation tool
(Figure 2-22 and Figure 2-23).

Connect the battery negative cable.
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Timing Case Cover Installed

1. Disconnect the battery negative cable.
Remove the drive belts.
Remove the vibration damper (Figure 2-2).

Remove the radiator shroud.

LR W

Remove the oil seal using oil seal removal tool
(Figure 2-27).

6. Position the replacement oil seal on the timing case
cover alignment and seal installation tool (Figure 2-22)
with seal lip facing outward. Apply a light film of
Perfect Seal, or equivalent, on the outside diameter of
the seal. Lightly coat the crankshaft with engine oil.

7. Position tool and seal over the end of the crankshaft
and insert a draw screw tool into seal installation tool
(Figure 2-23). Tighten the nut against the tool until it
contacts the cover.

8. Remove the tools. Apply a light film of engine oil on
the vibration damper hub contact surface of the seal.

9. With the key inserted in the keyway in the crankshaft,
install the vibration damper, washer and bolt. Lubricate
and tighten the bolt to 108 Nem (80 ft-lbs) torque.

10. Install the crankshaft pulley. Tighten the bolt to 27
Nem (20 ft-1bs) torque.

11. Install the drive belt(s) and tighten to the specified
tension. If equipped with a serpentine drive, the pulley is
integral with the damper and they are installed as a unit.

12. Install the A/C compressor/alternator bracket assembly.

13. Connect the battery negative cable.

OIL SEAL
REMOVER TOOL

Figure 2 - 27

REAR MAIN OIL SEAL

Removal

To replace the rear main oil seal, the transmission must be
removed. Refer to service manual for the proper procedure.

[. Remove flywheel or torque converter drive plate.
Discard the old bolts.

2. Pry out seal from around crankshaft flange (Figure 2-28).

Installation

1. Coat the outer lip of the replacement rear main bearing
seal with engine oil.

2. Carefully position the seal into place. Use rear main
seal installer tool to install the seal flush with the block.

Caution: The felt lip must be located inside the
flywheel mounting surface. If the lip is not positioned
correctly the flywheel could tear the seal.

3. Install the flywheel or torque converter drive plate.
New bolts MUST be used when installing the flywheel
or torque converter drive plate. Tighten the new bolts
to 68 Nem (50 ft-Ibs) torque. Turn the bolts an
additional 60°.

4. Install the transmission. Refer to service manual for the

proper procedure.

CRANKSHAFT'

\CRANKSHAFT
OIL SEAL

Figure 2 - 28

T 7T
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Connecting Rods

INTRODUCTION

The 2.5L engine's connecting rods are made of cast
nodular iron with a total weight (less the bearings) of 657-
665 grams (23.2-23.5 0z.), and a total length
(center-to-center) of 155.52-155.62 mm (6.123-6.127").
Connecting rod journal diameter is 53.17-53.23 mm
(2.0934-2.0955"). Connecting rod journal width is 27.18-
27.33 mm (1.070-1.076").

For connecting rod removal and installation procedures,
refer to Piston and Connecting Rod Assembly, 'Pistons and
Rings' section of this chapter.

Connecting Rod

These heavy duty forgings are shot-peened and Magna-
fluxed. Includes high strength bolts. Can be used as heavy
duty stock replacement. For 2.5L and 4.0L engines only.
(Sold individually.)

P4529209 Connecting rod.

Connecting Rod Bearings

These connecting rod bearings are made of production-
style material. Available in standard and two undersizes.
For Jeep 2.5L and 4.0L engines only. (Sold individually.)

P4529208 Connecting rod bearings, standard size.

P4529236 Connecting rod bearings, .001"
undersize.
P4529238 Connecting rod bearings, .010"

undersize.

Basic Preparation

1. Rods should be checked for alignment; bores should be
parallel. Check big and small ends for size. Use only a
Sunnen rod reconditioner for this purpose.

2. Using a small file, deburr rods, paying particular
attention to the mating surfaces and the tab groove.
You need the clamping effect of a 60 micro bore. The
sides should be polished by hand on a flat plate using
#600 paper.

3. In an engine that is to used in a high rpm situation, the
rods and rod bolts should be Magna-Glo checked for
cracks or forging flaws.

4. Arace engine should use the heavy duty rod bolts and nuts.

5. The rod bearing clearances should be 0.03-0.06 mm
(0.001-0.0025").

6. The rod bolt head should be seated against the flat,
machined surface in the rod.

7. For arace engine, the big end rod should be sized to
the minimum diameter to get the maximum crush from
the bearing.

8. Shot-peening the rods is recommended if they haven't
been already.

9. Clean all parts before proceeding.
Rod Ratio

For all-out modified race engines, it is recommended that a
rod ratio (length of the rod divided by the stroke) of 1.75 to
1.85 be maintained (if possible) for best performance. (The
stock 2.5L engine has a rod ratio of 1.92—this is considered
long.) Side clearance should be 0.25-0.48 mm (0.010-0.019").

Inspection

1. Connecting Rod Bearings

Inspect connecting rod bearings for scoring and bent
alignment tabs (Figure 2-29 and Figure 2-30). Check
the bearings for normal wear patterns, scoring,
grooving, fatigue and pitting (Figure 2-31). Replace
any bearing that shows abnormal wear.

Inspect connecting rod journals for signs of scoring,
nicks and burrs.

2. Connecting Rods

Misaligned or bent connecting rods can cause
abnormal wear on pistons, piston rings, cylinder walls,
connecting rod bearings and crankshaft connecting rod
journals. If wear patterns or damage to any of these
components indicates the probability of a misaligned
connecting rod, inspect it for correct rod alignment.

Replace misaligned, bent or twisted connecting rods.

UPPER  MATING EDGES

GROOVES CAUSED
BY ROD BOLTS
SCRATCHING

JOURNAL DURING

INSTALLATION

WEAR PATTERN—
ALWAYS GREATER
ON UPPER BEARING

LOWER J8909- 27

Figure 2 - 29
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ABNORMAL CONTACT AREA
CAUSED BY LOCKING TABS NOT
FULLY SEATED OR BEING BENT

——— L S

LOWER
18909-129
18909-128 Figure 2 - 31
Figure 2 - 30
Upper Insert Size Lower Insert Size
Yellow — 53.2257-53.2079 mm Yellow — Standard Yellow — Standard
2.0955-2.0948 inch
Standard
Orange — 53.2079-53.1901 mm Yellow — Standard Black — Undersize
2.0948-2.0941 inch 0.025 mm
Undersize (0.0178 mm 0.001 inch
or 0.0007 inch)
Black — 53.1901-53.1723 mm Black — Undersize Black — Undersize
2.0941-2.0933 inch 0.025 mm 0.025 mm
Undersize (0.0356 mm 0.001 inch 0.001 inch
or 0.0014 inch)
Red — 53.9717-53.9539 mm Red — Undersize Red — Undersize
2.0855-2.0848 inch 0.254 mm 0.254 mm
Undersize (0.254 mm 0.001 inch 0.001 inch
or 0.010 inch)
. J9009-43
Figure 2 - 32
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Measuring Bearing-to-Journal Clearance

1.
2.

Wipe the journal clean of oil.

Use short rubber hose sections over rod bolts during
installation. (For more information, refer to
Connecting Rod Bolt Protectors, 'Connecting Rods'
section of Chapter 4.)

Lubricate the upper bearing insert and install in
connecting rod.

Use piston ring compressor to install the rod and piston
assemblies with the oil squirt holes in the rods facing the
camshaft and the arrow on the piston crown pointing to
the front of the engine (Figure 2-37). Verify that the oil
squirt holes in the rods face the camshaft and that the
arrows on the pistons face the front of the engine.

Install the lower bearing insert in the bearing cap. The
lower insert must be dry. Place a strip of Plastigauge
across the full width of the lower insert at the center of
bearing cap. Plastigauge must not crumble in use. If
brittle, obtain fresh stock.

Install bearing cap and connecting rod on the journal
and tighten nuts to 45 Nem (33 ft-Ibs) torque. DO NOT
rotate crankshaft. Plastigauge will smear, resulting in
inaccurate indication.

Remove the bearing cap and determine the amount of
bearing-to-journal clearance by measuring the width of
compressed Plastigauge using the scale on the
Plastigauge envelope (Figure 2-16). The correct
clearance is 0.0381 to 0.0635 mm (0.0015 to 0.0025").

Note: Plastigauge should indicate the same clearance
across the entire width of the insert. If the clearance
varies, it may be caused by either a tapered journal,
bent connecting rod, or foreign material trapped
between the insert and cap or rod.

If the correct clearance is indicated, replacement of the
bearing inserts is not necessary. Remove the
Plastigauge from crankshaftjournal and bearing insert.
Proceed with installation.

If bearing-to-journal clearance exceeds the
specification, install a pair of 0.0254 mm (0.001")
undersize bearing inserts and measure the clearance as
described in the previous steps.

10. The clearance measured with a pair of 0.0254 mm
(0.001"y undersize bearing inserts installed will
determine if two 0.0254 mm (0.001") undersize inserts
or another combination is needed to provide the correct
clearance (see the Connecting Rod Bearing Fitting
Chart, Figure 2-32).

Example: If the initial clearance was 0.0762 mm
(0.003"), 0.0254 mm (0.001")undersize inserts would
reduce the clearance by 0.0254 mm (0.001"). The
clearance would be 0.002" and within specification. A
0.0508 mm (0.002") undersize insert would reduce the
initial clearance an additional 0.0127 mm (0.0005").
The clearance would then be 0.0381 mm (0.0015").

Measuring Side Clearance

Slide snug-fitting feeler gauge between the connecting rod
and crankshaftjournal flange. The correct clearance is 0.254
to 0.482 mm (0.010 to 0.019"). Replace the connecting rod
if the side clearance is not within specification.

Note: Too much side clearance will cause the engine to
have a high oil demand, resulting in either low or very low
oil pressure.
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Pistons and Rings

Cast Pistons and Rings for Jeep 2.5L. Engines

Part Number Bore Stroke

Rod CR Dome Rings

P5249902 3.905" 3.19"

6.125" 9.2:1 Dish | P4876962

PISTONS

The 2.5L engine uses aluminum alloy pistons (with struts)
that weigh (less pin) 563-567 grams (19.86-20.00 oz.) each.
The piston combustion cavity is a single quench design.

For more piston (and piston ring) specifications, refer to
2.5L Engine Specifications, 'Engine Assembly' section of
this chapter.

Piston Fitting (Non-Coated Pistons Only)

[. Micrometer Method

a. Measure the inside diameter of the cylinder bore at a
point 58.725 mm (2-5/16")below the top of the bore.

b. Measure the outside diameter of the piston. Because
pistons are cam ground, measure at right angle to
piston pin at centerline of pin (Figure 2-33).

Note: The difference between cylinder bore diameter
and piston diameter is piston-to-bore clearance.

GROOVE HEIGHT
A 2.0193-2.0447 mm (0.0795-0.0805 in)
B 4.7752-4.8 133 mm (0.1880-0.1895 in)
GROOVE DIAMETER

D-E 87.78-87.90 mm (3.456-3.461 in
F 87.50-87.75 mm (3.445-3.455 inf

D EF >

A

re

— ——r ot

'Wu—! —

m MEASURE PISTON
\-/ AT THIS AREA
‘ \_/ FOR FITTING

Figure 2 - 33

2. Feeler Gauge Method

(Not recommended for racing.)
a. Remove the rings from the piston.

b. Inserta long 0.025 mm (0.001") feeler gauge into
the cylinder bore.

¢. Insert the piston, top first, into cylinder bore
alongside the feeler gauge. With entire piston
inserted into cylinder bore, the piston should not
bind against feeler gauge.

d. Repeat steps with a long 0.051 mm (0.002") feeler
gauge. The piston should bind.

e. If the piston binds on a 0.025 mm (0.001") feeler
gauge, the piston is too large or the cylinder bore
is too small. If the piston does not bind on a 0.051
mm (0.002") feeler gauge, the piston is too small
for cylinder bore. Pistons up to 0.102 mm
(0.004") undersize may be enlarged by knurling.
Replace pistons that are 0.102 mm (0.004") or
more undersize.

Piston Fitting (Coated Pistons Only)

1. Bore Gauge Method

To correctly select the proper size piston, a cylinder
bore gauge capable of reading in 0.003 mm (.0001")
INCREMENTS is required. If a bore gauge is not
available, DO NOT use an inside micrometer.

a. Measure the inside diameter of the cylinder bore
at a point 49.5 mm (1-15/16") below top of bore.
Start perpendicular (across or at 90 degrees) to the
axis of the crankshaft at point A and then take an
additional bore reading 90 degrees to that at point
B (Figure 2-34).

b. Coated pistons, piston pins and connectingrods are
pre-assembled. The coated piston and connecting
rod assembly can be used to service previously
built engines; however, they MUST be replaced as
complete sets. Tin-coated pistons should not be
used as replacements for coated pistons.

T 71T
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c. The coating material is applied to the piston after
the final piston machining process. Measuring the
outside diameter of a coated piston will not
provide accurate results. Therefore measuring the
inside diameter of the cylinder bore with a dial
bore gauge is MANDATORY. To correctly select
the proper size piston, a cylinder bore gauge
capable of reading in 0.003 mm (.0001")
increments is required.

d. Piston installation into the cylinder bore requires
slightly more pressure than that required for non-
coated pistons. The bonded coating on the piston
will give the appearance of a line-to-line fit with
the cylinder bore.

—

CYLINDER
BORE

49.5 mm
(1-15/36 in)

Figure 2 - 34

Coated Piston Size Chart

Cvlinder Bore Size Piston Letter Size

98.438 to 98.448 mm A
(3.8755to 3.8759")
98.448 to 98.458 mm B
(3.8759 to 3.8763")
98.458 to 98.468 mm C
(3.8763 to 3.8767")
98.468 to 98.478 mm D
(3.8767 to 3.8771")
98.478 to 98.488 mm E
(3.8771 to 3.8775")
98.488 to 98.498 mm F

(3.8775 to 3.8779")

PISTON AND CONNECTING ROD ASSEMBLY

Removal

1. Remove the cylinder head cover. Refer to Cylinder
Head Cover, 'Cylinder Head' section of this chapter

for the procedure.

2. Remove the rocker arms, bridges and pivots. Refer to
Rocker Arms, 'Camshaft and Valve Gear' section of

this chapter for the procedure.

3. Remove the pushrods. Refer to Pushrods, 'Camshaft and

Valve Gear' section of this chapter for the procedure.

4. Remove the cylinder head. Refer to Cylinder Head
Removal, 'Cylinder Head' section of this chapter for

the procedure.

5. Position the pistons one at a time near the bottom of the
stroke and use a ridge reamer to remove the ridge from
the top end of the cylinder walls. Use a protective cloth

to collect the cuttings.
6. Raise the vehicle.

7. Drain the engine oil.

8. Remove the oil pan, gaskets and seals. Refer to Q1 Pun,
'Oiling System' section of this chapter for the procedure.

9. Remove the connecting rod bearing caps and inserts
and retain in the same order as removed to facilitate
installation in the original locations. The connecting
rods and caps are stamped with the corresponding

cylinder number (Figure 2-35).

10 Lower vehicle until it is about two (2) feet from the floor.

11 Have an assistant push the piston and connecting rod
assemblies up and through the top of the cylinder bores

(Figure 2-36).

Caution: Ensure that the connecting rod bolts don't
scratch the crankshaftjournals or cylinder walls. Short
pieces of rubber hose slipped over the rod bolts will
prevent damage to the cylinder bores and crankshaft

journals.
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CONNECTING
ROD CAP

IC

ol NIl
) S
\ /
CONNECTINGROD 19009-40

Figure 2 - 35

PISTON

CONNECTING
ROD

CYLINDER
BLOCK

19509-86

Figure 2 - 36
Installation

Each bearing insert is selectively fit to its respective journal
to obtain the specified operating clearance between the
bearing and the journal. In production, the select fit is
obtained by using various sized, color-coded bearing inserts
as listed in the Connecting Rod Bearing Fitting Chart
(Figure 2-32). The color code appears on the edge of the
bearing insert. The size is not stamped on inserts used for
production of engines.

The rod journal is identified during engine production by a
color-coded paint mark on the adjacent cheek or
counterweight toward the flanged (rear) end of the
crankshaft. The color codes used to indicate journal sizes
are listed in the Connecting Rod Bearing Fitting Chart
(Figure 2-32).

When required, upper and lower bearing inserts of different
sizes may be used as a pair (see Connecting Rod Bearing
Fitting Chart, Figure 2-32). A standard size insert is
sometimes used in combination with a 0,025 mm (0.001")
undersize insert to reduce clearance 0.013 mm (0.0005").

Caution: DO NOT intermix bearing caps. Each
connecting rod and its bearing cap are stamped with the
associated cylinder number on a machine surface adjacent
to the oil squirt hole that faces the camshaft side of the
cylinder block (Figure 2-35).

1. Clean the cylinder bores thoroughly. Apply a light film of
clean engine oil to the bores with a clean lint-free cloth.

2. Install the piston rings on the pistons if removed.
Refer to Piston Ring Fitting, this section, for the
proper procedure.

3. Lubricate the piston and rings with clean engine oil.

4. Use a piston ring compressor to install the connecting
rod and piston assemblies through the top of the
cylinder bores (Figure 2-36).

Caution: Ensure that connecting rod bolts DO NOT
scratch the crankshaftjournals or cylinder walls. Short
pieces of rubber hose slipped over the connecting rod
bolts will provide protection during installation.

5. Ensure the arrow on the piston top points to the front
of the engine (Figure 2-37).

Note: For racing applications, refer to Reversing
Pistons with Offset Pins, 'Pistons and Rings' section of
Chapter 4.

6. Raise the vehicle.

7. Install the connecting rod bearing caps and inserts in
the same positions as removed.

Caution: Verify that the oil squirt holes in the rods
face the camshaft and that the arrows on the pistons
face the front of the engine.

8. Install the oil pan and gaskets as outlined in the
installation procedure.

9. Lower the vehicle.

10. Install the cylinder head, pushrods, rocker arms,
bridges, pivots and cylinder head cover as outlined in
the installation procedures in this chapter.

11. Fill the crankcase with engine oil.
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49009-41

Figure 2 - 37

Piston Ring Fitting (Non-Coated Pistons Only)

1.

Carefully clean the carbon from all ring grooves. Oil
drain openings in the oil ring groove and pin boss must
be clear. DO NOT remove metal from the grooves or
lands. Doing so will change ring-to-groove clearances
and will damage the ring-to-land seating.

Measure the ring side clearance with a feeler gauge fit
snugly between the ring land and ring (Figure 2-38).
Rotate the ring in the groove. It must move freely
around the circumference of the groove.

Place ring in the cylinder bore and push down with
inverted piston to position near lower end of the ring
travel. Measure ring gap with a feeler gauge fit snugly
between ring ends (Figure 2-39). The correct
compression ring end gap is 0.25-0.51 mm (0.010-
0.020"). The correct oil control ring end gap is
0.381-1.397 mm (0.015-0.055").

Refer to Figure 2-44 for position of ring gaps when
installing piston rings.

Install the oil control rings according to instructions in
the package. It is not necessary to use a tool to install
the upper and lower rails. Insert expander ring first,
then side rails.

The two compression rings are different and cannot be
interchanged (Figure 2-40). The top ring is a moly ring
(the scraping edge is gray in color). The second ring is
a black cast iron ring (the scraping edge is black in
color when new).

The second compression ring (black cast iron) has a
chamfer on the BOTTOM of the inside edge (Figure 2-
41). This ring may also have two dots located on the
top surface.

Using a ring installer, install the ring with the chamfer
facing down (Figure 2-42). If the ring has dots, the dots
will be facing up.

10.

The top compression ring (the scraping edge is gray in
color) has a chamfer on the TOP of the inside edge
(Figure 2-43). This ring may also have one dot located
on the top surface.

Using a ring installer, install the top ring with the
chamfer facing up. If the ring has a dot, the dot will be
facing up.

. Position the ring end gaps on the piston as shown

(Figure 2-44).

Millimeters Inches
No. 1 Compression 0.025-0.08 1 0.001-0.0032
(0.043 Preferred) {0.0017 Preferred)
No. 2 Compression 0.025-0.081 0.001-0.0032
(0.043 Preferred) (0.0017 Preferred)
Qil Control 0.025-0.241 0.001-0.0095

(0.08 Preferred)

(0.003 Preferred)

FEELER
GAUGE

E8909-402

Figure 2 - 38

FEELER GAUGE

7N\
19009-45

Figure 2 - 39
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TOP COMPRESSION
RING

SECOND
COMPRESSION
RING

18909-139

TOP COMPRESSION RING
(GRAY IN COLOR)

CHAMFER

ONE

J9009-48

Figure 2 - 43

Figure 2 - 40

SECOND COMPRESSION RING
(BLACK CAST IRON)

\ CHAMFER
TWO
DOTS J9009-46
Figure 2 - 41

e
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RING GAP POSITION MAY
VARY +20° FROM
POSITION ILLUSTRATED

18909-143

Figure 2 - 42

Figure 2 - 44
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Piston Ring Fitting (Coated Pistons Only)

1.

Carefully clean the carbon from all ring grooves. Oil
drain openings in the oil ring groove and pin boss must
be clear. DO NOT remove metal from the grooves or
lands. This will change ring-to-groove clearances and
will damage the ring-to-land seating.

Be sure the piston ring grooves are free of nicks
and burrs.

Measure the ring side clearance with a feeler gauge fit
snugly between the ring land and ring. Rotate the ring in
the groove. It must move freely around circumference of
the groove.

Side Clearance
Measurement

0.042 to 0.084 mm

Ring

Top Compression Ring
(0.0017to 0.0033")

Second Compression Ring 0.042 to 0.084 mm

(0.0017 to 0.0033")

Oil Control Ring
(0.0024 to 0.0083")

0.06to 0.21 mm

Place ring in the cylinder bore and push down with
inverted piston to position near lower end of the ring
travel. Measure ring gap with a feeler gauge fitting
snugly between ring ends (Figure 2-39).

Gap
Ring Measurement

Top Compression Ring 0.229 t0 0.610 mm

(0.0090 to 0.0240")

0.483 to 0.965 mm
(0.0190 to 0.0380")

0.254 to 1.500 mm
(0.010 to 0.060")

Second Compression Ring

Oil Control Ring

The oil control rings are symmetrical, and can be
installed with either side up. It is not necessary to use
a tool to install the upper and lower rails. Insert oil rail
spacer first, then side rails.

The two compression rings are different and cannot be
interchanged. The top compressionring can be identified
by the shiny coating on the outer sealing surface and can
be installed with either side up (Figure 2-45).

The second compression ring has a slight chamfer on
the bottom of the inside edge and a dot on the top for
correct installation (Figure 2-46).

8. Using a ring installer, install the second compression
ring with the dot facing up (Figure 2-47).

9. Using a ring installer, install the top compression ring
(either side up).

Ring Gap Orientation

e Position the gaps on the piston as shown in Figure 2-48.

e Oil spacer - Gap on center line of piston skirt.

e Oilrails - gap 180° apart on centerline of piston pin bore.

e No. 2 Compression ring - Gap 180° from top oil rail gap.

e No. 1 Compression ring - Gap 180° from No. 2

compression ring gap.

TOP COMPRESSION RING

80a7231f

Figure 2 - 45

ONE
DOT

SECOND COMPRESSION RING

CHAMFER

80a722da

Figure 2 - 46
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TOP COMPRESSION
RING
SECOND
COMPRESSION
RING
CHAMFER PISTON
805ddB98
Figure 2 - 47
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Figure 2 - 48

PISTON PIN

The 2.5L engine’s piston pins have a diameter of 23.632-
23.645 mm (0.9304-0.9309) and piston-to-pin clearance of
0.010-0.015 mm (0.0004-0.0006") (preferred —loose 0.015
mm [loose 0.0006"]).

The piston pins are press-fit into the connecting rods and
DO NOT require a locking device.

Removal

1. Position the piston and connecting rod assembly on an
arbor press.

2. Apply force to a piloted driver and press the pin
completely out of the connecting rod and piston
assembly (Figure 2-49). Note position of the pin
through the gauge window of removal support tool.

Inspection

1. Inspect the piston pin and bore in the connecting rod
for nicks and burrs. Remove as necessary. Never reuse
a piston pin after it has been installed in and removed
from a connecting rod.

2. With the pin removed from the piston and connecting
rod, clean and dry the piston pin bore and the
replacement piston pin.

3. Position the piston so that the pin bore is in the vertical
position. Insert the pin in the bore. At room
temperature, the replacement pin should slide
completely through the pin bore in piston by force of
gravity.

4. Replace piston if pin jams in the pin bore.

PILOTED
DRIVER |

P J PILOTED
\ DRIVER \U

SUPP{D

J T
C

, HH
"
GAUGE
WINDOW |
SUPPORT 18909-133
Figure 2 - 49
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2. Position the pin pilot, piston and connecting rod on a
CONNECTING support with the squirt hole ol'the connecting rod to the
ROD left-hand side (Figure 2-50).

PISTON 3. Insert the piston pin through the upper piston pin bore

and into the connecting rod pin bore (Figure 2-49).

4. Position the piloted driver inside the piston pin
(Figure 2-49).

5. Using an arbor press, press the piston pin through the
connecting rod and piston bores until the pin pilot
indexes with the mark on the support. The piston pin

- requires an 8900 N (2,000 pounds) press-fit. If little

y. y SQUIRT effort is required to install the piston pin in the

HOLF 19009-44 connecting rod, or if the rod moves laterally on the pin,
the connecting rod must he replaced.
Figure 2 - 50 6. Remove the piston and connecting rod assembly from
the press. The pin should be centered in the connecting
Installation rod (+0.792 mm or £0.03 12").

l. Insert the piston pin pilot through the piston and
connecting rod pin bores. Ensure that the arrow on the
piston crown is pointing up (Figure 2-50).




2.5L POWER TECH IN-LINE 4 (CYLINDER HEAD) 53

Cylinder Head

INTRODUCTION

The 2.5L engine uses a cast nodular iron cylinder head with
a combustion chamber volume of 49.9-52.9 cc (3.04-3.23
cu. in.). The cylinder head has dual quench-type
combustion chambers that create turbulence and fast
burning of the air/fuel mixture, which results in good fuel
economy. Valve lengths are (for intake) 124.435-125.070
mm (4.899-4.924"), and (for exhaust) 125.120-125.755 mm
(4.927-4.952”).

One of the most important parts of any engine assembly is
the cylinder head. It holds the key to making power. It also
offers the opportunity to make more horsepower.
Camshafts, headers, and carburetion can only go so far
making horsepower without the cylinder head. Cylinder
heads can be expensive; however, this may be one place in
the engine where spending the extra money is worth it.

For more cylinder head specifications, refer to 2.5L Engine
Specifications, ‘Engine Assembly’ section of this chapter.

Heavy Duty Head Gasket

This heavy duty head gasket is designed for the 2.5L
(only). Can be used as replacement for production.
Factory approved and engineered for durability.

P4529662 Heavy duty head gasket.

REMOVAL AND INSTALLATION PROCEDURES
Removal

(Refer to Figure 2-51.)
1. Disconnect negative cable from battery.

Warning! DO NOT remove the cylinder block drain plugs or
loosen the radiator drain cock with the system hot and
pressurized because serious bums from the coolant can occur.

2. Drain the coolant and disconnect the hoses at the
engine thermostat housing. DO NOT waste reusable
coolant. If the solution is clean and is being drained
only to service the engine or cooling system, drain the
coolant into a clean container for reuse.

3. Remove the air cleaner assembly.

4. Remove the engine cylinder head cover. (Refer to
procedure in this section.)

5. Remove the capscrews, bridge and pivot assemblies
and rocker arms.

6. Remove the pushrods. Retain the pushrods, bridges,
pivots and rocker arms in the same order as removed.

7. Loosen the accessory drive belt at the power steering
pump bracket (if equipped) or at the idler pulley bracket.

8. If equipped with air conditioning, perform the following:

a. Remove the bolts from the A/C compressor
mounting bracket and set the compressor aside.

b. Remove the air conditioner compressor bracket
bolts from the engine cylinder head.

c. Loosen the through bolt at the bottom of the bracket.

9. If equipped, disconnect the power steering pump
bracket. Set the pump and bracket aside. DO NOT
disconnect the hoses.

10. Perform fuel pressure release procedure (refer to the
proper service manual for procedures).

11. Remove the latch clip and disconnect the fuel
supply hose.

12. Remove the intake and engine exhaust manifolds from
the engine cylinder head (refer to ‘Fuel Delivery and
Fuel Injection Systems’ and ‘Exhaust System’ sections
of this chapter for procedures).

13. Number and disconnect the ignition wires and remove
the spark plugs.

14. Disconnect the coolant temperature sending unit
connector.

15. Remove the engine cylinder head bolts.
16. Remove the engine cylinder head and gasket.

17. If this was the first time the bolts were removed, put a
paint dab on the top of the bolt. If the bolts have a paint
dab on the top of the bolt or it isn’t known if they were
used before, discard the bolts.

18. Stuff clean lint free shop towels into the cylinder bores.

Note: If wvalves, springs, or seals are to be
inspected/replaced at this time, refer to Valves and Valve
Springs, ‘Camshaft and Valve Gear’ section of this chapter
for proper procedures.

T Y -
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CYLINDER HEAD

CYLINDER
HEAD

INTAKE
MANIFOLD
GASKET

INTAKE
MANIFOLD

EXHAUST MANIFOLD

Figure 2 - 51
Cleaning and Inspection

Stuff clean lint free shop towels into the cylinder bores
while the head is removed.

Thoroughly clean the cylinder head and cylinder block
mating surfaces. Clean the intake and exhaust manifold and
cylinder head mating surfaces. Remove all gasket material
and carbon.

Check to ensure that no coolant or foreign material has
fallen into the tappet bore area.

Remove carbon deposits from the combustion chambers.
Installation

The cylinder head gasket is a composition gasket. The
gasket is to be installed DRY. DO NOT use a gasket sealing
compound on the gasket.

If the cylinder head is to be replaced and the original valves
used, measure the valve stem diameter. Only standard size
valves can be used with a service replacement cylinder head
unless the replacement head valve stem guide bores are
reamed to accommodate oversize valve stems. Remove all
carbon buildup and reface the valves.

1. Fabricate two engine cylinder head alignment dowels
from used head bolts (Figure 2-52). Use the longest
head bolt. Cut the head of the bolt off below the hex
head. Then cut a slot in the top of the dowel to allow
easier removal with a screwdriver.

2. Install one dowel in bolt hole No. 10 and the other
dowel in bolt hole No. 8 (Figure 2-53).

3. Remove the shop towels from the cylinder bores. Coat
the bores with clean engine oil.

4. Place the engine cylinder head gasket (with the
numbers facing up) over the dowels.

5. Place the engine cylinder head over the dowels.

Caution: Engine cylinder head bolts should be reused only
once. Replace the head bolts if they were used before or if
they have a paint dab on the top of the bolt.

6. Coat the threads of bolt No. 7, only, with Loctite PST
sealant (or equivalent).

7. Install all head bolts, except No. 8 and No. 10.
8. Remove the dowels.
9. Install No. 8 and No. 10 head bolts.

Caution: During the final tightening sequence, bolt No. 7
will be tightened to a lower torque than the rest of the bolts.
DO NOT over tighten bolt No. 7.

10. Tighten the engine cylinder head bolts in sequence
according to the following procedure (Figure 2-54):

a. Tighten all bolts in sequence (1 through 10)to 30
Nem (22 ft-1bs) torque.

b. Tighten all bolts in sequence (1 through 10)to 61
Nom (45 ft-Ibs) torque.

c. Check all bolts to verify they are set to 61 Nem
(45 ft-1bs) torque.

d. Tighten bolts (in sequence):
e  Bolts 1through 6to 149Nem (110ft-lbs) torque.
e Bolt 7to 136 Nem (100 ft-1bs) torque.

e Bolts 8§ through 10to 149 Nem (110 ft-lbs)
torque.

e. Check all bolts in sequence to verify the
correct torque.

f.  If not already done, clean and mark each bolt with
a dab of paint after tightening. Should you
encounter bolts which were painted in an earlier
service operation, replace them.

11. Connect the coolant temperature sending unit
connector.

12. Install the spark plugs and tighten to 37 Nom (27 ft-1bs)
torque. Connect the ignition wires.

13. Install the intake and exhaust manifolds (refer to ‘Fuel
Delivery and Fuel Injection Systems’ and ‘Exhaust
System’ sections of this chapter for proper
procedures).
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14. Install the fuel supply line. Push until a “click” is

; ; USED
heard. Reinstall latch clip. CYLINDER
15. If equipped, attach the power steering pump and bracket. BHng

16. Install the pushrods, rocker arms, pivots and bridges in —

the order they were removed. L IR

17. Install the engine cylinder head cover.

18. Attach the air conditioning compressor mounting
bracket to the engine cylinder head and block. Tighten
the bolts to 40 Nem (30 ft-1bs) torque.

19. Attach the ai ditioni he bracket. E
SRS el I A Y

Caution: The accessory drive belt must be routed correctly.
Incorrect routing can cause the water pump to turn in the
opposite direction causing the engine to overheat.

J9009-13

Figure 2 - 52
20. Install the accessory drive belt and correctly tension the
belt (refer to proper service manual for the procedure).

ALIGNMENT

21. Install the air cleaner and ducting.

22. Connect the hoses to the thermostat housing and fill the
cooling system to the specified level (refer to proper
service manual for the procedure).

23. Install the coolant temperature sending unit connector.

24. Connect negative cable to battery.

25. Connect the upper radiator hose and heater hose at the

thermostat housing. ALIGNMENT DOWEL  J9009-14

26. Fill the cooling system. Check for leaks. .
Figure 2 - 53

Warning! Use extreme caution when the engine is
operating. DO NOT stand in direct line with the fan. DO
NOT put hands near the pulleys, belts or fan. DO NOT
wear loose clothing.

27. Operate the engine with the radiator cap off. Inspect for
leaks and continue operating the engine until the
thermostat opens. Add coolant, if required.

CRAFTSMay = .

19009-15

Figure 2 - 54

et -
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CYLINDER HEAD COVER

The following procedure can be performed with the engine
in or out of the vehicle.

Crankcase Breather

A universal high performance re-usable crankcase
breather (must have stand pipe on valve cover). Washes
clean with P4529392 cleaning fluid for extra miles of

service.

P4529394 Crankcase breather.

Removal

1. Disconnect the battery negative cable.

2. Disconnect the Crankcase Ventilation (CCV) vacuum
hose (MJ and XJ Vehicles - Figure 2-55) or the Positive
Crankcase Ventilation (PCV) vacuum hose (YJ
Vehicles - Figure 2-56) from the cylinder head cover.

3. Disconnect the CCV (Figure 2-55) or the PCV (Figure
2-56) fresh air inlet hose from the cylinder head cover.

4. Remove the cylinder head cover mounting bolts.

5. Remove the cylinder head cover.
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Figure 2 - 55

Inspection
Inspect the cylinder head cover for cracks. Replace if cracked.
Installation

The cylinder head cover has a cured gasket attached to it.

1. Thoroughly clean the sealing surface of the cylinder
head and the seal on the cylinder head cover.

2. Install cylinder head cover. Tighten the mounting bolts
to 8 Nem (70 in-1bs) torque.

3. Connect the CCV hose (Figure 2-55) or the PCV hose
(Figure 2-56).

4. Connect the battery negative cable.
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Figure 2 - 56
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Camshaft and Valve Gear

CAMSHAFT

The Jeep 2.5L engine uses a cast nodular iron camshaft
with intake and exhaust valve lifts of 10.770 mm (0.424"),
intake and exhaust cam lobe lifts of 6.731 mm (0.265"), and
intake and exhaust durations of 270°.

The camshaft rotates within four steel-shelled, Babbit-lined
bearings that are pressed into the cylinder block and then
line reamed. The camshaft bearing bores and bearing
diameters are not the same size. They are stepped down in
0.254 mm (0.010") increments from the front bearing
(largest) to the rear bearing (smallest). This permits easier
removal and installation of the camshaft. The camshaft
bearings are pressure lubricated.

Note: It is not advisable to attempt fo replace camshaft
bearings unless special removal and installation tools
are available.

Camshaft end play is maintained by the load placed on the
camshaft by the oil pump and distributor drive gear. The
helical cut of the gear holds the camshaft sprocket thrust
face against the cylinder block face.

To advance or retard camshaft centerline, the 2.5L engine
uses offset bushings. For more information on centerlining
as well as offset bushings, refer to the 'Camshaft and Valve
Gear' section of Chapter 4.

For more camshaft specifications, refer to 2.5L Engine
Specifications, 'Engine Assembly' section of this chapter.

Camshaft Bearing Set

Made of production material. Complete engine set for
Jeep 2.5L and 4.0L engines.

P4529226

Timing Chain and Sprockets Set

Camshaft bearing set.

This kit is the ideal service replacement package for Jeep
2.5L engines. The package includes single roller timing
chain and sprockets.

P4529822 Timing chain and sprockets set.

Jeep Gear Drives

Replace conventional Jeep timing chain and gear sets and
eliminate chain induced cam timing fluctuations with this
Mopar Performance Parts dual idler gear drive camshaft
centerlining drive system. Rugged and durable for off-road
applications. Fits all 4.0L., 4.2L., and 2.5L Jeep engines.

P5249009 Jeep gear drives.

All-out Race Chain and Sprockets

Cloyes matched sprockets and double roller chain for all-
out race applications. Has three matched keyways to
adjust cam timing. Kit includes Magna-fluxed sprockets
and roller timing chain. For 2.5L and 4.0L engines only.

P5249519 All-out race chain and sprockets.

Camshaft Offset Bushing Set

For centerlining camshafts, all engines. Includes five
bushings: 2, 4, 6, and 8 degree offset, plus one on-center
bushing. Installs in camshaft sprocket. For all Jeep 4.0L
and 2.5L engines.

P3690936 Camshaft offset bushing set.

0-90-180-90-0 Degree Wheel

Durable Mopar Performance Parts aluminum plate degree
wheel for centerlining camshafts, finding TDC, etc.
Features step-by-step instructions printed on the back side.

P4452990 0-90-180-90-0 degree wheel.

U717 -
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Jeep 2.5L Hydraulic Camshaft Specifications Chart
Part No. | Advertised Duration| Overlap | Centerline Lift Recom. Spring | Applications & Comments
P4529656 2401240" 24" 108° 430/.430" P45292 14 Mild Comp.
P4529657 2481248" 32" 108° 440/.440" P4529214 Mild Comp.
P4.529658 2561256" 40° 108° A450/.450" P5249464 Mild Comp.
Performance Best Choice 4x4 Street Rod
Level Manual Automatic | Auto & Man | Auto & Man
Stock Stock Stock — _
Phase I P4529656 P4529656
Phase 11 P4529657 P4529657 P4529656 P4529656
Phase IIT P4.529658 P4529658 P4529657 P4529658
Removal 14. Remove the timing chain and sprockets.
1. Disconnect the battery negative cable. 15. Remove the camshaft (Figure 2-6).
Warning! The coolant in a recently operated engine is hot Inspection
and pressurized. Release the pressure before removing the
drain cock, cap and drain plugs. 1. Inspect the cam lobes for wear.
2. Drain the cooling system. DO NOT waste reusable 2. Inspe(_:t the bearing journals for uneven wear pattern
coolant. If the solution is clean, drain it into a clean or finish.
container for reuse. 3. Inspect the bearings for wear.
3. Remove the radiator or radiator and condenser, if 4. Inspect the distributor drive gear for wear.
equipped with A/C. . .
auipped W 5. If the camshaft appears to have been rubbing against
4. Scribe a mark on the distributor housing in line with the timing case cover, examine the oil pressure relief
the lip of the rotor. holes in the rear cam journal. The oil pressure relief
5. Scribe a mark on the distributor housing near the clamp holes must be free of debris.
and continue the scribe mark on the cylinder block in Installation
line with the distributor mark.
6. For ease of installation, note the position of the rotor NOtelE ftWhen installing a new camshaft, ALWAYS use
and distributor housing in relation to adjacent engine few THers.
components. 1. Lubricate the replacement camshaft with Mopar
7. Remove the distributor and ignition wires. Engine Oil Supplement, or equivalent.
8. Remove the engine cylinder head cover. 2. Carefully 1nste‘111 the c‘amshaft to prevent damage to the
camshaft bearings (Figure 2-6).
9. R th ki , brid d pivots. . .
ermove the focket ars, bricges and pivols 3. Turn the tensioner lever to the unlocked (down) position
10. R th hrods. . .
0. Remove the pushrods 4. Pull the tensioner block toward the tensioner lever to
11. Remove the hydraulic valve tappets from the engine compress the spring. Hold the block and turn the
cylinder head. tensioner lever to the lock (up) position (Figure 2-25).
12. Remove the vibration damper. 5. Install the timing chain, crankshaft sprocket and
13. Remove the timing case cover. (camshaftsprocket with the timing marks aligned.

T 7T
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10.
11.
12.
13.
14.
15.

Install the camshaft sprocket retaining bolt and washer.
Tighten the bolt to 108 Nem (80 ft-1bs) torque.

Release the timing chain tensioner by moving the lever
to the unlocked (down) position (Figure 2-25).

Install the timing case cover with a replacement oil seal
(Figure 2-3).

Install the vibration damper

Install the hydraulic valve tappets.

Install the pushrods.

Install the rocker arms, bridges and pivots.
Install the cylinder head cover.

Install the distributor and ignition wires.
Properly position the distributor rotor as follows:

Note: Always rotate the crankshaft clockwise (the
direction of normal rotation). DO NOT rotate the
crankshaft backward to align the timing marks.

a. Remove No. | spark plug. Hold your finger over
the spark plug hole and rotate the crankshaft until
compression pressure is felt. Slowly continue to
rotate the crankshaft until the timing index on the
vibration damper pulley aligns with the top dead
center (TDC) mark (0°) on the timing degree scale.

b. Using a flat blade screwdriver, rotate the oil
pump gear so that the gear slot on the oil pump
shaft is slightly past the three (3)o'clock position
(Figure 2-57).

c.  Turn the distributor shaft until the rotor tip points
in the direction of No. I terminal in the distributor
cap. Turn the rotor 1/8 turn counterclockwise past
the position of No. 1 terminal.

d.  With the distributor cap removed, start the
distributor into they cylinder block with the rotor
located at the five (5) o'clock position (Figure 2-58).

e. Slide the distributor shaft down into the engine
and position the distributor vacuum advance
mechanism housing in approximately the same
location (in relation to adjacent engine
components) as when removed. Align the scribe
mark on the distributor housing with the
corresponding scribe mark on the cylinder block.
It may be necessary to rotate the oil pump shaft
with a long flat-blade screwdriver to engage the
oil pump drive tang, but the rotor should align
with the position of No. 1 terminal when the
distributor shaft is down in place.

f. Install the distributor hold-down clamp and bolt,
but DO NOT tighten the bolt.

g.  When the distributor is fully engaged in its correct
location, the rotor should be at the six (6) o'clock
position (Figure 2-59).

h. If the distributor is not properly installed, or if it is
removed later, then the complete installation
procedures must be repeated.

16. Install the radiator and condenser (if equipped with A/C).
17. Fill the cooling system.

18. Connect the battery negative cable.

FRONT FACE OF
ENGINE BLOCK
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Figure 2 - 57
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Figure 2 - 58
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ENGINE BLOCK

™
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| J9009-34

FRONT FACE OF
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Figure 2 - 59
CAMSHAFT PIN REPLACEMENT

Removal

1. Disconnect the battery negative cable.

Warning! DO NOT loosen the radiator draincock with the
system hot and pressurized because serious burns from
coolant can occur.

2. Drain the radiator. DO NOT waste reusable coolant. If
solution is clean, drain it into a clean container for reuse.

3. Remove the fan and shroud.

4. Disconnect the radiator overflow tube, radiator hoses, and
automatic transmission fluid cooler pipes (if equipped).

5. Remove the radiator.

6. If equipped with air conditioning:
a. Remove the A/C compressor drive belt idler pulley.
b. Disconnect and remove the alternator.

Caution: DO NOT loosen or disconnect any air
conditioner system fittings. Move the condenser and
receiver/drier aside as a complete assembly.

c. Remove the A/C condenser attaching bolts and
move the condenser and receiver/drier assembly
up and out of the way.

7. Remove the drive belt(s).
8. Remove the crankshaft vibration damper and pulley.

9. Remove the timing case cover. Clean the gasket
material from the cover.

10. Rotate the crankshaft until the zero degree (0°) timing
mark on the crankshaft sprocket is closest to and on the
centerline with the timing mark on the camshaft sprocket.

11. Remove camshaft sprocket retaining bolt.
12. Remove the crankshaft oil slinger.

13. Remove the sprockets and chain as an assembly
(Figure 2-60).

Caution: The following procedural step must be
accomplished to prevent the camshaft from damaging the
rear camshaft plug during pin installation.

14. Inspect the damaged camshaft pin.

15. If the pin is a spring-type pin, remove the broken pin
by inserting a self-tapping screw into the pin and
carefully pulling the pin from the camshaft.

16. If the pin is a dowel-type pin, center-punch it. Ensure the
exact center is located when center-punching the pin.

Caution: Cover the opened oil pan area to prevent metal
chips from entering the pan.

17. Drill into the pin center with a 4 mm (5/32") drill bit.

18. Insert a self-tapping screw into the drilled pin and
carefully pull the pin from the camshaft.

CAMSHAFT HAFT
SPROCKET CE?:]OKEKET

Figure 2 - 60
Installation

1. Clean the camshaft pin hole.

2. Compress the center of the replacement spring pin with
vise grips.

3. Carefully drive the pin into the camshaft pin hole until
it is seated.

4. Install the camshaft sprocket, crankshaft sprocket and
timing chain with the timing marks aligned.
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10.

11.

12.

13.

14.

15.
16.

17.
18.

19.
20.

To verify correct installation of the timing chain, turn
the crankshaft to position the camshaft sprocket timing
mark at approximately the one o'clock position. This
positions the crankshaft sprocket timing mark where
the adjacent tooth meshes with the chain at the three
(3) o'clock position. Count the number of chain pins
between the timing marks on both sprockets. There
must be 20 pins.

Install the crankshaft oil slinger.

Tighten the camshaft sprocket bolt to 108 Nem (80 ft-1bs)
torque

Check the valve timing.

Coat both sides of the replacement timing case cover
gasket with gasket sealer. Apply a 3 mm (1/8") bead of
Mopar Silicone Rubber Adhesive Sealant, or
equivalent to the joint formed at the timing case cover
and cylinder block.

Position the timing case cover on the oil pan gasket and
the cylinder block.

Place timing case cover alignment and seal installation
tool in the crankshaft opening of the cover (Figure 2-22).

Install the timing case cover-to-cylinder block bolts.
Install the oil pan-to-timing case cover bolts.

Tighten the 1/4" cover-to-block bolts to 7 Nem (60 in-lbs)
torque. Tighten the 5/16" front cover-to-block bolts to 22
Nem (192 in-lbs) torque. Tighten the oil pan-to-cover
174" bolts to 14 Nem (120 in-lbs) torque. Tighten the oil
pan-to-cover 5/16" bolts to 18 Nem (156 in-1bs) torque.

Remove the cover alignment tool and install a
replacement oil seal into the cover.

Install the vibration damper on the crankshaft.

Lubricate and tighten the damper bolt to 108 Nem
(80 ft-1bs) torque.

Note: If the crankshaft turns before the damper bolt
torque value is attained, the crankshaft can be
prevented from turning by placing two, 5/16 x 1-1/2"
bolts into the damper front pulley holes and wedging a
bar between them. Rotate the bar until it contacts the
frame member to prevent the crankshaft from turning.

Install the damper pulley, if applicable.

If equipped with air conditioning:

a. Install the A/C compressor drive bell idler pulley.
b. Install the alternator.

c. Installthe A/C condenser and receiver/drier assembly.
Install the drive belt(s) on the pulleys and tighten.

Install the radiator. Connect the radiator hoses and
automatic transmission fluid cooler pipes, if equipped.
Fill the cooling system.

21. Install the fan and shroud.

22. Connect the battery negative cable.
VALVES AND VALVE SPRINGS

Removal-Cylinder Head Removed

This procedure is for the removal/installation of the valves
and valve springs with the cylinder head removed from the
cylinder block.

1.

Remove the cylinder head from the cylinder block (refer
to 'Cylinder Head' section of this chapter for procedure).

2. Use valve spring compressor tool and compress each
valve spring (Figure 2-61).

3. Remove the valve locks, retainers, springs and valve
stem oil seals. Discard the oil seals.

4. Use an Arkansas smoothstone or a jewelers file to
remove any burrs on the top of the valve stem,
especially around the groove for the locks.

5. Remove the valves, and place them in a rack in the
same order as removed.

VALVE
SPRING
COMPI R
TOOL

Figure 2 - 61
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Removal -Cylinder Head NOT Removed

This procedure is for the removal of valve springs and oil
seals with the cylinder head installed on the cylinder block.

Each valve spring is held in place around the valve stem by
a retainer and a set of conical valve locks. The locks can be
removed only by compressing the valve spring.

1. Remove the cylinder head cover (refer to 'Cylinder
Head' section of this chapter for procedure).

2. Remove capscrews, bridge and pivot assemblies and
rocker arms (Figure 2-62) for access to each valve
spring to be removed. Alternately loosen each
capscrew one turn at a time to avoid damaging the
bridge.

3. Remove pushrods (Figure 2-62). Retain the pushrods,
bridges, pivots and rocker arms in the same order and
position as removed.

4. Inspect the springs and retainer for cracks and possible
signs of weakening.

5. Remove the spark plug(s) adjacent to the cylinder(s)
below the valve springs to be removed.

6. Install a 14mm (1/2") (thread size) air hose adapter in
the spark plug hole. An adapter can be constructed by
welding an air hose connection to the body of a spark
plug with the porcelain removed.

7. Connect an air hose to the adapter and apply air
pressure slowly. Maintain at least 621 kPa (90 psi) of
air pressure in the cylinder to hold the valves against
their seats. For vehicles equipped with an air
conditioner, use a flexible air adapter when servicing
the No. 1 cylinder.

8. Tap the retainer or tip with a rawhide hammer to loosen
the lock from the retainer. Use valve spring compressor
tool to compress the spring and remove the locks
(Figure 2-61). Use an old rocker arm pivot and the
supplied bolt to attach the tool.

9. Remove valve spring and retainer (Figure 2-63).

10. Remove valve stem oil seals (Figure 2-63). Note the
valve seals are different for intake and exhaust valves.
The top of each seal is marked either INT or EXH. DO
NOT mix the seals.

CAPSCREWS

BRIDGE
ROCKER ARMS

PIVOT
ASSEMBLY

PUSH RODS J8e09-8

Figure 2 - 62
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Figure 2 - 63
Cleaning

1. Clean all carbon deposits from the combustion
chambers, valve ports, valve stems, valve stem guides
and cylinder head.

2. Clean all grime and gasket material from the cylinder

head machined gasket surface.



2.5L. POWER TECH IN-LINE 4 (CAMSHAFT AND VALVE GEAR) 63

Inspection

1. Inspect for cracks in combustion chambers and
valve ports.

2. Inspect for cracks on exhaust seats.

3. [Inspect for cracks in the gasket surface at each
coolant passage.

4. Inspect valves for burned, cracked or warped heads.

5. Inspect for scuffed or bent valve stems, especially the
grooves. An Arkansas smoothstone should be used to
remove nicks and high spots. Replace valves
displaying any damage.

Valve Refacing

1. Use a valve refacing machine to reface the intake and
exhaust valves to the specified angle. After refacing, at
least a 0.787 mm (1/32") margin must remain (Figure
2-64). If not, replace the valve.

2. The valve stem tip can be resurfaced and rechambered
when worn. DO NOT remove more than 0.25 mm
(0.010").

VALVE MARGIN
V4
- 7
OORRECT VALVE FACING
NO MARGIN

é—\_‘//Z

INCORRECT FACING
VALVE 19009-69

Figure 2 - 64
Valve Spring Tension Test

The 2.5L engines use a conical valve spring (Figure 2-65).
Use a valve spring tester and a torque wrench (Figure 2-66)
to test each valve spring for the specified tension value.
(Refer to 2.5L Engine Specifications, 'Engine Assembly'
section of this chapter, for valve spring tension values.)
Replace valve springs that are not within specification.

Installation—Cylinder Head Removed

1. Thoroughly clean the valve stems and valve guide bores.

2. Lightly lubricate the stem and install the valve in the
original valve guide bore.

CONICAL
VALVE
SPRING

J9009-17

VALVE SPRING
TESTER TOOL

VALVE SPRING

J9009-18

Figure 2 - 66

Install replacement valve stem oil seals over the valve
stems and onto the valve guide boss.

Note: If valves with 0.381 mm (0.015") oversize
stems are used, oversize oil seals are required.

Position the valve spring and retainer on the cylinder
head and compress the valve spring with valve spring
compressor tool (Figure 2-61). Install valve locks and
release the tool.

Lightly tap the valve spring from side-to-side with a
rubber hammer to ensure the spring is properly seated
on the cylinder head.

Install the cylinder head fo the cylinder block (refer to
Cylinder Head Installation, 'Cylinder Head' section of
this chapter, for the procedure).
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Installation—Cylinder Head NOT Removed

Caution: Install oil seals carefully to prevent damage from
the sharp edges of the valve spring lock groove.

1.

Lightly push the valve seal over the valve stem and
valve guide boss. Be sure the seal is completely seated
on the valve guide boss.

Install valve spring and retainer.

Compress the valve spring with valve spring
compressor tool (Figure 2-61) and insert the valve
locks. Release the spring tension and remove the tool.
Tap the spring from side-to-side with a rubber hammer
to ensure that the spring is seated properly on the
cylinder head.

Release air pressure and disconnect the air hose.
Remove the adapter from the spark plug hole and
install the spark plug.

Repeat these procedures for each remaining valve
spring to be removed.

Install the pushrods. Ensure the bottom end of each rod
is centered in the plunger cap seat of the hydraulic
valve tappet.

Install the rocker arms, pivots and bridge at their
original location.

Tighten the bridge capscrews alternately, one at a time,
to avoid damaging the bridge. Tighten the capscrews to
28 Nem (21 ft-1bs) torque.

Install the cylinder head cover (refer to Cylinder Heud
Cover Installation, 'Cylinder Head' section of this
chapter, for the procedure).

Jeep 2.5L Valve Specifications Chart
Part Number Location Diameter Length Material Modification
P4529212 Intake std. Std. Std. Std. Back-cut, 8 mm
P4529213 Exhaust Std. Std. Std. Back-cut, 8 mm
P5249875 Intake 1.92" 491" Stainless 8 mm stem
P5249877 Intake 1.97" 491" Stainless 8 mm stem
|
P5249879 Exhaust 1.50" 4.93" Stainless 8 mm stem
P5249880 Exhaust 1.56" 4.93" Stainless 8 mm stem
Jeep 2.5L Valve Spring Specifications Chart
Part Number | Installed Ht. Description o.D. Wire Diameter Lift Range Material
P4529214 1.64" Cylindrical 1.31" 177" .350/.430" Prod.
P4529215 1.64" Conical Prod. Prod. .350/.430" Prod.
P5249464 1.64" Single w/damper 1.42" ,187" .400/.525" Chrome-sil
Jeep 2.5L Valve Spring Retainer Specifications Chart
Retainer Material Locks Valve Stem Size Valve Spring
P4529216 Steel 8° 8 mm [ Single-Std,
I
P4529217 Steel 8° 8 mm Conical
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I Jeep 4 and 6 Cylinder Engine Keepers (Locks)
Part Number | Valve Stem Size Angle Hardened Groove Use With Retainers Sets
P4529218 8 mm 8° Std. Single P4529216, P4529217 24 Pieces

VALVE TIMING

1. Disconnect the spark plug wires and remove the
spark plugs.

2. Remove the engine cylinder head cover.

3. Remove the capscrews, bridge and pivot assembly, and
rocker arms from above the No. 1 cylinder.

4. Alternately loosen each capscrew, one turn at a time, to
avoid damaging the bridge.

5. Rotate the crankshaft until the No. 4 piston is at top
dead center (TDC) on the compression stroke.

6. Rotate the crankshaft counterclockwise (viewed from
the front of the engine) 90°.

7. Install a dial indicator on the end of the No. I cylinder
intake valve pushrod. Use rubber tubing to secure the
indicator stem on the pushrod.

8. Set the dial indicator pointer at zero.

9. Rotate the crankshaft clockwise (viewed from the front
of the engine) until the dial indicator pointer indicates
0.305 mm (0.012") travel distance (lift).

10. The timing notch index on the vibration damper should be
aligned with the TDC mark on the timing degree scale.

If the timing notch is more than 13 mm (1/2") away
from the TDC mark in either direction, the valve
timing is incorrect.

If the valve timing is incorrect, the cause may be a
broken camshaft pin. It is not necessary to replace the
camshaft because of pin failure. A spring pin is
available for service replacement.

VALVE STEM OIL SEALS

Valve stem seals are installed over each valve stem and
valve guide boss preventing oil from entering the
combustion chamber through the valve guides. There are
separate seals for intake and exhaust valve stems. Seals
marked INT are for intake valve stems, seals marked EXH
are for exhaust valve stems. Replace valve stem seals when
service is performed or if the seals have deteriorated.

Viton Valve Stem Qil Seal Set

Viton heavy duty umbrella seals are specially designed to
withstand high temperatures. Helps prevent oil seepage
down valve guides. Good for dual purpose high
performance engines. Includes 4 intake and 4 exhaust
seals. Not recommended for dual valve springs. Fits 2.5L
engine valves with 8 mm stems only.

P4529661 Viton valve stem oil seal set.

Race Valve Stem Oil Seal Sets

Perfect Circle valve stem oil seals for use with dual valve
springs in race applications. Set of 16 seals. Includes
installation tool.

P3690963 Race valve stern oil seal set, 3/8" inside
diameter.

P4876099 Race valve stem oil seal set, 11/32"
inside diameter.

P4876 100 Race valve stem oil seal set, 5/16" inside

diameter.

VALVE GUIDES

The valve guides are an integral part of the cylinder head
and are not replaceable. When the valve stem guide
clearance is excessive, the valve guide bores must be
reamed oversize. Service valves with oversize stems are
available in 0.076 mm (0.003") and 0.381 mm (0.015")
increments. Corresponding oversize valve stem seals are
also available and must be used with valves having 0.381
mm (0.0]5") oversize stems.

Note: If the valve guides are reamed oversize, the valve
seats must be reground afterwards to ensure that the valve
seat is concentric to the valve guide.




66 MOPAR PERFORMANCE PARTS

Valve Stem-to-Guide Clearance Measurement

Valve stem-to-guide clearance may be measured by either
of the following two methods.

1. Preferred Method
e Remove the valve from the head.

e  C(lean the valve stem guide bore with solvent and
bristle brush.

e Insert a telescoping gauge into the valve stem guide
bore approximately 9.525 mm (3/8") from the valve
spring side of the head with contacts crosswise to
the cylinder head (Figure 2-67). Remove and
measure telescoping gauge with a micrometer.

e  Repeat the measurement with contacts lengthwise
to cylinder head.

e Compare the crosswise to lengthwise
measurements to determine out-of-roundness. If
the measurements differ by more than 0.0635 mm
(0.0025"), ream the guide bore to accommodate
an oversize valve stem.

o  Compare the measured valve guide bore diameter
with specifications (7.95-7.97 mm or 0.313-
0.314"). If the measurement differs from
specification by more than 0.076 mm (0.003"),
ream the guide bore to accommodate an oversize
valve stem.

Note: Valve seats must be reground after reaming
the valve guides to ensure that the valve seat is
concentric to the valve guide.

GAUGE
9.525 MM
(3/8 INCH)
VALVE
.STEM
GUIDE
CYLINDER /
HEAD Z
U
18909-92
Figure 2 - 67

2. Alternate Method

e Use a dial indicator to measure the lateral
movement of the valve stem (stem-to-guide
clearance). This must be done with the valve
installed in its guide and just off the valve seat
(Figure 2-68).

e Correct clearance is 0.025-0.0762 mm (0.001-
0.003"). If indicated movement exceeds the
specification, ream the valve guide to
accommodate an oversize valve stem.

Note: Valve seats must be reground after reaming
the valve guides to ensure that the valve seat is
concentric to the valve guide.

DIAL INDICATOR

J9009-16

Figure 2 - 68

VALVE SEATS

With cast iron cylinder heads, all the valve seats are
machined into the head material. (Aluminum heads use
valve seat inserts.) One of the most important items in a
high output engine is the valve job.

Valve Seat Refacing

1. Install a pilot of the correct size in the valve guide bore
and reface the valve seat to the specified angle with a
good dressing stone (Figure 2-69). Remove only
enough metal to provide a smooth finish.

2. Use tapered stones to obtain the specified seat widths
when required.

3. Control valve seat run-out (Figure 2-70) to a maximum
of 0.0635 mm (0.0025").
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Figure 2 - 69

Roller Rocker Arm Set

Fits all 2.5L and 4.0L engines. (Must use a spacer for
valve cover clearance.)

e Contains one cylinder set of two rockers, two support
stands, rocker shaft and screws.

® [Extruded aluminum rockers, anodized blue.

e Can be used with hydraulic, mechanical or roller
camshafts.

e Roller tip and center pivot to reduce internal friction.
e  Provides exact geometry; 1.6:] ratio.

e  Adjustable, oil through pushrod style.

P4529885 Roller rocker arm set.

Figure 2 - 70

ROCKER ARMS

Heavy Duty Rocker Arm

Heavy duty stamped rocker arms for use with hydraulic

cams (only). Right and left rockers are the same. Can be
used to service stock engines. For all 2,51 and 4. QL Jeep
engines. (Sold individually.)

P452922 1 Heavy duty rocker arm.

Aluminum Rocker Assembly Lube

When you use aluminum roller rockers, don’t take a
chance with a substandard lubricant. Mopar Performance
Parts assembly lube is a must to complete the job right.

P5249099 Aluminum rocker assembly lube.

Removal

The following procedure can be performed with the engine
in or out of the vehicle.

1. Remove the cylinder head cover (see Cylinder Head
Cover Removal, ‘Cylinder Head’ section of this
chapter, for the procedure).

2. Remove the two capscrews at each bridge and pivot
assembly. Alternately loosen the capscrews one turn at
a time to avoid damaging the bridges.

3. Check for rocker arm bridges which are causing
misalignment of the rocker arm-to-valve tip area.

4. Remove the bridges, pivots and corresponding pairs of
rocker arms and place them on the bench in the same
order as removed.

5. Remove the pushrods and place them on the bench in
the same order as removed.

T 717 ) -
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Cleaning and Inspection

1. Clean all the components with cleaning solvent and use
compressed air to blow out the oil passages in the
rocker arms and pushrods.

2. Inspect the pivot surface area of each rocker arm.
Replace any that are scuffed, pitted, cracked or
excessively worn.

3. Inspect the valve stem tip contact surface of each rocker
arm and replace any rocker arm that is deeply pitted.

4. Inspect each pushrod end for excessive wear and
replace as required. If any pushrod is excessively worn
because of lack of oil, replace it and inspect the
corresponding hydraulic tappet for excessive wear.

5. Inspect the pushrods for straightness by rolling them
on a flat surface or by shining a light between the
pushrod and the flat surface.

6. A wear pattern along the length of the pushrod is not
normal. Inspect the cylinder head for obstruction if this
condition exists.

Installation

1. Lubricate the ball ends of each pushrod with Mopar
Super Oil Conditioner (or equivalent) and install
pushrods in their original locations. Ensure that the
bottom end of each pushrod is centered in the tappet
plunger cap seat.

2. Lubricate the area of the rocker arm that the pivot contacts
with Mopar Super Oil Conditioner (or equivalent) and
install rocker arms, pivots and bridge above each cylinder
from where they were originally removed.

3. Loosely install capscrews through each bridge.

4. At each bridge, tighten the capscrews alternately, one
turn at a time, to avoid damaging the bridge. Tighten
the capscrews to 26 Nem (19 ft-Ibs) torque.

5. Install the cylinder head cover (see Cylinder Head
Cover Installation, ‘Cylinder Head’ section of this
chapter, for the procedure).

PUSHRODS

The valve train of the Jeep 2.5L engine is oiled through the
pushrods. Jeep engine pushrods (all Jeep engines) are hollow
so that oil can pass through them to oil the valve train.

Warning! Because the 2.5L engine valve train is oiled
through its hollow pushrods, SOLID SHAFT PUSHRODS
CANNOT BE USED.

Standard Length Pushrod

This is a fully assembled, stock diameter hydraulic
pushrod. It is hollow to provide valve train oiling (same as
production pushrod). Factory approved and engineered for
rebuild or repairs. For all 2.51. and 1987-20004.0L
engines. (Sold individually.)

P45292 19 Standard length pushrod.

Standard Length Pushrod Set

Complete set of factory original pushrods for 2.5L engines
(only). These are fully assembled, stock diameter
pushrods. They are hollow to provide valve train oiling
(same as production). Complete set of eight (8).

P4529674 Standard length pushrod set.

HYDRAULIC LIFTERS (TAPPETS)

Note: The following removal and installation procedures can
be performed with the cylinder head installed on the engine.

Hydraulic Tappet

For use with general purpose, high performance hydraulic
camshafts. Can be used as a production replacement.
(Sold individually.)

P4529220 Hydraulic tappet.

Removal

1. Remove the cylinder head cover (refer to Cylinder
Head Cover Removal, ‘Cylinder Head’ section of this
chapter, for the procedure).

2. Remove the bridge and pivot assemblies and rocker
arms by removing the two capscrews at each bridge.
Alternately loosen each capscrew one turn at a time to
avoid damaging the bridge.

3. Remove the pushrods. Place them on a workbench in
the same order as removed to facilitate installation in
their original locations.

4. Remove the tappets through the pushrod openings in
the cylinder head with a hydraulic valve tappet
removal/installation tool (Figure 2-71). Place them on
a workbench in the same order as removed to facilitate
installation in their original locations.

5. Inspect the tappets for wear. If worn, check the cam
lobes for wear. Replace if wear is found.
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Figure 2 - 71

Disassembly and Cleaning

1.

Release snap ring and remove the plunger cap, metering
valve, plunger, check valve assembly and plunger
return spring from the tappet body (Figure 2-72). Retain
components of each tappet separately.

Clean the components of each tappet assembly in
cleaning solvent to remove all varnish, gum and sludge
deposits.

Inspect for indications of scuffing on the side and base
of each tappet body.

Inspect each tappet base for concave wear with a
straightedge positioned across the base. If the base is
concave, the corresponding lobe on camshaft is also
worn. Replace the camshaft and defective tappets.

Assembly

1.

Install the plunger return spring, check valve
assembly, plunger, metering valve and plunger cap in
the tappet body.

Compress the plunger assembly by exerting force on the
plunger cap with the pushrod and install the snap ring.

Installation

Note: It is not recommended to fill the tappets with oil as
this may make the engine difficult to start. The tappets will
charge themselves within three to eight minutes once the
engine has been started.

B

Coat each tappet assembly in Mopar Super Oil
Conditioner, or equivalent.

SNAP

RING \@

PLUNGER CAP

@
AETERING VALV

RETAINER

PLUNGER
T\ RETURN
/ SPRING
TAPPET N
BODY 1890997
Figure 2 - 72

Use a hydraulic valve tappet removal/installation tool
to install each tappet in the same bore from where it
was originally removed.

Install the pushrods in their original locations.

Install the rocker arms and bridge and pivot assemblies
at their original locations. Loosely install the
capscrews at each bridge.

Tighten the capscrews alternately, one turn at a time, to
avoid damaging the bridges. Tighten the capscrews to
26 Nem (19 ft-1bs) torque.

Pour the remaining Mopar Super Oil Conditioner (or
equivalent) over the entire valve actuating assembly.
The Mopar Super Oil Conditioner (or equivalent) must
remain with the engine oil for at least 1600 km (1,000
miles); however, it does not need to be drained until the
next scheduled oil change.

Install the cylinder head cover. Refer to Cylinder Heud
Cover Installation, ‘Cylinder Head’ section of this
chapter, for the procedure.
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Oiling System

INTRODUCTION

(Refer to Figure 2-73.)

The 2.5L engine uses a pressure feed, full flow filtration
oiling system utilizing a positive displacement, gear-type
oil pump driven by the distributor shaft. The oiling system
has a capacity of 3.8L (4 quarts). (For more oiling system
specifications, refer to 2.5L Engine Specifications, ‘Engine
Assembly’ section of this chapter.)

A gear-type positive displacement pump is mounted at the
underside of the block opposite the No. 4 main bearing, The
pump draws oil through the screen and inlet tube from the
sump at the rear of the oil pan. The oil is driven between the
drive and idler gears and pump body, then forced through
the outlet to the block. An oil galley in the block channels
the oil to the inlet side of the full flow oil filter. After
passing through the filter element, the oil passes from the
center outlet of the filter through an oil galley that channels
the oil up to the main galley which extends the entire length
of the block.

Galleries extend downward from the main oil galley to the
upper shell of each main bearing. The crankshaft is drilled
internally to pass oil from the main bearing journals (except
No. 4 main bearing journal) to the connecting rod journals.
Each connecting rod bearing cap has a small squirt hole. Oil
passes through the squirt hole and is thrown off as the rod
rotates. This oil throw off lubricates the camshaft lobes,
distributor drive gear, cylinder walls, and piston pins.

The hydraulic valve tappets receive oil directly from the
main oil galley. Oil is provided to camshaft bearings
through galleys. The front camshaft bearing journal passes
oil through the camshaft sprocket to the timing chain. Oil
drains back to the oil pan under the No. I main bearing cap.

The oil supply for the rocker arms and bridged pivot
assemblies is provided by the hydraulic valve tappets which
pass oil through hollow pushrods to a hole in the
corresponding rocker arm. Oil from the rocker arm
Iubricates the valve train components, then passes down
through the pushrod guide holes in the cylinder head past
the valve tappet area, and returns to the oil pan.

Oil Pressure Requirements

Oil pressure requirements for the 2.5L engine are as follows:

At Idle Speed (800 rpm) ... .25-35psi ....172-241kPa
At 1,600+ rpm. ... ........ 37-75psi ....255-517 kPa
Oil Pressure Relief ........ 75 psi. oot 517 kPa
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OIL PAN

Oil Pan Gasket Set
Includes both sides and the ends. For 2,5L engines only.

P4529664 Oil pan gasket set.

Removal
1. Disconnect the battery negative cable.
Raise the vehicle.

Remove the oil pan drain plug and drain the engine oil.

Sl

Disconnect the exhaust pipe at the exhaust manifold (if
necessary —check clearances first).

5. Disconnect the exhaust hanger at the catalytic
converter and lower the pipe (if necessary —check
clearances first).

6. Remove the starter motor.
7. Remove the converter/flywheel housing access cover.

8. Position a jack stand directly under the engine
vibration damper.

9. Place a piece of wood (2 x 2) between the jack stand
and the engine vibration damper.

10. Remove the engine mount through bolts.

11. Using the jack stand, raise the engine until adequate
clearance is obtained to remove the oil pan.

12. Remove transmission oil cooling lines (if equipped).

13. Remove the oxygen sensor wiring supports that are
attached to the oil pan studs (if equipped).

14. Remove the oil pan bolts and carefully remove the oil
pan and gasket.

Cleaning

1. Clean the block and pan surfaces to remove gasket
material and sealant.

2. Remove all sludge and grime from the oil pan sump.
Installation

1. Fabricate 4 alignment dowels from 1/4" x 1-1/2" bolts.
Cut the head off the bolts and cut a slot into the top of
the dowel. This will allow easier installation and
removal with a screwdriver (Figure 2-74).

2. Install two dowels in the timing case cover. Install the
other two dowels in the cylinder block (Figure 2-75).

3. Apply Mopar Silicone Rubber Adhesive Sealant on
cylinder block to rear main bearing cap corners and
cylinder block-to-front cover joints (four places).
(Refer to Figure 2-76.)

4. Slide the one-piece gasket over the dowels and onto the
block and timing case cover.

J. Position the oil pan over the dowels and onto the gasket.

6. Install the 1/4" oil pan fasteners (Figure 2-77). Tighten
these fasteners to 9 Nem (7 ft-Ibs) torque. Install the
5/16" oil pan fasteners (Figure 2-77). Tighten these
fasteners to 15 Nem (11 ft-1bs) torque.

7. Remove the dowels. Install the remaining 1/4" oil pan
fasteners and tighten to 9 Nem (7 ft-1bs) torque.

8. Lower the engine until it is properly located on the
engine mounts.

9. Install the through bolts and tighten the nuts to 65 Nem
(48 ft-1bs) torque.

10. Lower the jack stand and remove the piece of wood.
11. Install the flywheel/torque converter housing access cover.
12. Install the starter motor.

13. Connect the exhaust pipe (if removed) to the hanger
and the exhaust manifold.

14. Install transmission oil cooling lines (if removed) and
oxygen sensor wiring supports that attach to the oil pan
studs (if removed).

15. Install the oil pan drain plug using a new gasket (Figure
2-77). Tighten the plug to 34 Nem (25 ft-1bs) torque.

16. Lower the vehicle.
17. Connect the battery negative cable.
18. Fill the oil pan with engine oil to the specified level

Warning! Use extreme caution when the engine is
operating. DO NOT stand in direct line with the fan. DO
NOT put your hands near the pulleys, belts or fan. DO NOT
wear loose clothing.

19. Start the engine and inspect for leaks.

- QWM ikl
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DOWEL CYLINDER
Figure 2 - 77
OIL PUMP

The positive displacement, gear-type oil pump is driven by
the distributor shaft which is driven by a gear on the
camshaft. Oil is siphoned into the pump through an inlet
tube and strainer assembly that is pressed into the pump
body. The pump incorporates a non adjustable pressure
relief valve to limit maximum pressure to 75 psi (517 kPa).
In the relief position, the valve permits oil to bypass through
a passage in the pump body to the inlet side of the pump.

Oil pump removal or replacement will not affect distributor
timing because the distributor drive gear remains in mesh
with the camshaft gear.

Removal

9 1. Remove the oil pan as outlined in the removal

o
'Iil.'ll ! procedure in this section.
— ® . . . :
= SER I 7 4 Caution: If the oil pump is not to be serviced, DO NOT

disturb position of oil inlet tube and strainer assembly in
pump body. If the oil inlet tube is moved within the pump
body, a replacement tube and strainer assembly must be
installed to assure an airtight seal.

2. Remove the pump-to-cylinder block attaching bolts and
remove the pump assembly with gasket (Figure 2-78).

Figure 2- 76

T . -
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OIL FILTER
ADAPTOR

BLOCK

OIL INLET
TUBE

STRAINER ATTACHING
ASSEMBLY BOLTS 19509-85
Figure 2 - 78

Gear End Clearance Measurement

Remove the cover retaining screws and cover from the
pump body.

1.

Preferred Method

a. Place a strip of Plastigauge across the full width of
each gear (Figure 2-79).

b. Install the pump cover and tighten the bolts to 8
Nem (70 in-1bs) torque.

c. Remove the pump cover and determine the
amount of clearance by measuring the width of
compressed Plastigauge with scale on the
Plastigauge envelope.

Correct clearance by this method is 0.051-0.152 mm
with 0.051 mm preferred (0.002-0.006" with 0.002"
preferred). If gear end clearance is excessive, replace
the oil pump assembly.

OIL PUMP
GEAR

STRIP OF PLASTIGAGE 18909- 20

Figure 2 - 79
Alternate Method

a. Place a straightedge across the ends of the gears
and the pump body.

b. Select a feeler gauge that fits snugly but freely
between the straightedge and the pump body
(Figure 2-80).

Correct clearance by this method is 0.051-0.152 mm
with 0.051 mm preferred (0.002-0.006" with 0.002"
preferred). If gear end clearance is excessive, replace
the oil pump assembly.

STRAIGHT EDGE

__19009-38

Figure 2 - 80
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Gear-to-Body Clearance Measurement

With both gears in place, measure the gear-to-body
clearance by inserting a feeler gauge between the gear tooth
and the pump body inner wall, directly opposite the point of
gear mesh (Figure 2-81). Select a feeler gauge which fits
snugly but freely. Rotate gears to measure each tooth-to-
body clearance in this manner.

Correct clearance is 0.051-0.102 mm with 0.051 mm
preferred (0.002-0.004" with 0.002" preferred). If the gear-to-
body clearance is more than specified, replace the oil pump.

FEELER GAUGE

J8909-122

Figure 2 - 81
Disassembly

Remove the cotter pin and slide the spring retainer, spring
and oil pressure relief valve plunger out of the pump body.
Inspect for binding condition during disassembly. Clean or
replace as necessary.

Note: The oil inlet tube and strainer assembly must be
moved to allow removal of the relief valve. Install a
replacement inlet tube and strainer assembly.

Assembly

Two relief valve plunger sizes (standard and oversize) are
available. When replacing the valve, assure correct
replacement valve, standard size or 0.254 mm (0.010")
oversize plunger diameter, is obtained and installed.

1. Install the oil pressure relief valve plunger, spring,
retainer and cotter pin.

If the position of inlet tube in the pump body has been
disturbed, install a replacement inlet tube and strainer
assembly. Apply a light film of Permatex No. 2 sealant,
or equivalent, around the end of the inlet tube. Use an
oil pump inlet tube installation tool to drive the inlet
tube into body (Figure 2-82). Ensure the support
bracket is properly aligned.

Install the idler gear and drive gear assembly.

Spin the drive gear shaft to assure a binding condition
does not exist before installing the oil pump.

To assure self-priming of the oil pump, fill pump with
petroleum jelly before installing the oil pump cover.
DO NOT use grease.

Apply a thin bead of Loctite 515 (or equivalent) to the
top of the pump housing and install the pump cover
screws with 8 Nem (70 in-lbs) torque.

1 OL PUMP NLET TUBE

1.

Figure 2 - 82

Installation

Install the oil pump on the cylinder block using a
replacement gasket. Tighten the short bolt to 14 Nem
(10 ft-1bs) torque and the long bolt to 23 Nem (17 ft-
1bs) torque. (Refer to Figure 2-78.)

Install the oil pan. (Refer to Oil Pan Installation, in this
section, for the procedure.)

Fill the oil pan with oil to the specified level.

11
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Fuel Delivery and Fuel Injection Systems

Note: Older, carbureted versions of the 2.5L engine will not be discussed in this chapter. However, service parts for these
older carbureted models are still available through your local Chrysler-Plymouth-Dodge-Jeep dealer. If you have an old 2.5L
carbureted engine, refer to the ‘Induction System’ section of Chapter 7,360 AMC V-8, for general carburetor information, as

well as the correct service manual for your vehicle/engine.

MULTI-POINT FUEL INJECTION (MPI) SYSTEM

Newer 2.5L engines use a sequential Multi-Point Fuel
Injection (MPI) system (vehicle specific—refer to your
service manual). Fuel is injected into the intake manifold
before the intake valve in precise metered amounts through
electrically operated injectors. The injectors are fired in a
specific sequence by the Powertrain Control Module (PCM).
The PCM constantly adjusts the amount of fuel injected to
meet changing operating conditions by controlling injector
pulse width (the length of time the injector is energized). The
PCM also adjusts ignition timing by controlling the ignition
coil operation through the Ignition Control Module (ICM).
The PCM determines air-fuel mixture and ignition timing
based on inputs it receives from various sensors that monitor
engine operating conditions.

The PCM receives inputs from sensors that react to exhaust
gas oxygen content, coolant temperature, manifold absolute
pressure, engine speed (crankshaft position), throttle
position, battery voltage, intake manifold air temperature,
engine knock and transmission gear selection. These inputs
represent the engine’s instantaneous operating conditions.
Air-fuel mixture and ignition timing calibrations for
various driving and atmospheric conditions are pre-
programmed into the PCM. The PCM monitors and
analyzes its various inputs, computes engine fuel and
ignition timing requirements based on these inputs, and
controls fuel delivery and ignition timing accordingly. The
Engine Control System is comprised of (1) the sensors and
switches that provide input to the PCM, (2) the PCM itself,
and (3) the PCM outputs (engine control devices that the
PCM constantly adjusts). The Engine Control System
consists of:

e Battery Voltage

e  Manifold Absolute Pressure (MAP) Sensor
s  Coolant Temperature Sensor

e Manifold Air Temperature (MAT) Sensor
e  Exhaust Oxygen (O?) Sensor

e Engine Speedcrankshaft Position Sensor
e Throttle Position Sensor

e Injector Synchronization Signal

e AJC Select Signal

e A/C Request Signal

¢ Neutral Safety Switch

e Knock Sensor

e  Fuel Pump Relay

e Fuel Injectors

e Idle Speed Stepper Motor

o B+ Latch Relay

e Oxygen Sensor Heater Relay
e EGR Valve Solenoid

e Ignition Control Module

e  Shift Indicator Light (manual transmissions only)

o  A/C Clutch Relay
Powertrain Control Module (PCM)

The Powertrain Control Module (PCM) is a digital
microprocessor. Air-fuel mixture calibrations for various
driving and atmospheric conditions are pre-programmed
into the PCM. The PCM monitors and analyzes its various
inputs, computes engine fuel and ignition timing
requirements based on these inputs, and controls fuel
delivery and ignition timing accordingly. As operating
conditions change, the PCM adjusts injector pulse width and
ignition timing for optimum performance and fuel economy.
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PCM Inputs

The PCM is powered by the vehicle’s battery. When the
ignition is turned to the ON or START position, the
following inputs are supplied to the PCM:

o Battery Voltage

o Manifold Absolute Pressure (MAP) Sensor
o Coolant Temperature Sensor

o  Manifold Air Temperature (MAT) Sensor
o Exhaust Oxygen (O?) Sensor

o  Engine Speedcrankshaft Position Sensor
o Throttle Position Sensor

o Injector Synchronization Signal

o A/C Select Signal

o Neutral Safety Switch (gear selection —automatic
transmission)

o  Knock Sensor

o Start Signal
PCM Outputs

Based upon signals from various input sensors and
switches, the PCM adjusts the following components
(PCM outputs):

e  Fuel Pump Relay

e B+ Latch Relay

e  Oxygen Sensor Heater Relay

e  A/C Clutch Relay

e  Fuel Injectors

e Idle Speed Stepper Motor

e EGR Valve Solenoid

e Ignition Control Module (ICM)

e  Shift Indicator Light (manual transmission only)
Modes of Operation

As input signals to the PCM change, the PCM adjusts its
response to the output devices. For example, the PCM must
calculate a different injector pulse width and ignition timing
for idle than it does for wide open throttle. There are eight
different modes of operation that determine how the PCM
responds to the various input signals.

Modes of operation are of two different types: OPEN
LOOP and CLOSED LOOP.

During OPEN LOOP modes the PCM receives input
signals and responds only according to preset PCM
programming. Input from the oxygen (O,) sensor is not
monitored during OPEN LOOP modes.

During CLOSED LOOP modes the PCM does monitor the
O, sensor input. This input indicates to the PCM whether or
not the calculated injector pulse width results in the ideal
air-fuel ratio (14.7 parts air to 1part fuel). By monitoring the
exhaust oxygen content through the O, sensor, the PCM can
‘fine tune’ the injector pulse width to achieve optimum fuel
economy combined with low emission engine performance.

The MPI system has the following modes of operation:
e Ignition Switch ON

e  Engine Start-up (Crank)

e Engine Warm-up

e Idle

e Cruise

e  Deceleration

e  Wide Open Throttle

e Ignition Switch OFF

The ignition switch ON, engine start-up (crank), engine
warm-up, deceleration, and wide open throttle modes are
OPEN LOOP modes. The idle and cruise modes, with the
engine at operating temperature, are CLOSED LOOP modes.

Throttle Body

Filtered air from the air cleaner enters the intake manifold
through the throttle body. Fuel does not enter the intake
manifold through the throttle body. Fuel is sprayed into the
manifold by the fuel injectors. This throttle body, mounted
on the intake manifold, contains an air bypass passage that
is used to supply air for idle conditions, and a throttle valve
for above idle conditions.

The throttle position sensor and idle speed stepper motor
are attached to the throttle body. The accelerator cable is
connected to the throttle valve through a bellcrank and
linkage mounted to the intake manifold.

There are different throttle bodies for automatic and manual
transmission equipped vehicles. The throttle valve is not
controlled by the PCM.
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Fuel Rail/Fuel Damper

The fuel rail supplies the necessary fuel to each individual
fuel injector and is mounted to the intake manifold (Figure
2-83). A fuel damper is located at the front of the fuel rail
(Figure 2-83). The damper is used only to help control fuel
pressure pulsation. This pulsation is the result of the firing
of the fuel injectors. It is not used as a fuel pressure
regulator. The fuel pressure regulator is not mounted to the
fuel rail on any engine. It is located on the fuel tank
mounted fuel pump module.

Depending on vehicle model/engine, the fuel rail may/may
not be equipped with a fuel pressure test port. Refer to the
proper service manual for additional information.

The fuel rail is not repairable.

\\ NUMBERED
FUEL FUEL TAG
DAMPER \\ iINJECTOR
p——
MOUNTING
BOLTS/NUTS 80051034
Figure 2 - 83

Fuel Pressure Regulator

The fuel pressure regulator used with the MPI fuel system
is a vacuum assisted, non-adjustable type. The regulator is
mounted on the output end of the fuel rail and is connected
to intake manifold vacuum. The regulator is calibrated to
maintain fuel system pressure at approximately 214 kPa (31
psi) with vacuum applied while the engine is at idle. Fuel
pressure will be 55-69 kPa (8-10 psi) higher if vacuum is
not applied to the regulator.

The pressure regulator contains a diaphragm, calibrated
spring and fuel return valve. Fuel pressure operates on the
bottom side of the diaphragm while spring pressure and
intake manifold vacuum operate on the top side of the
diaphragm. Spring pressure tries to force the return valve
closed. Fuel pressure, with assistance from manifold
vacuum on the spring side, acts against the spring pressure
to open the return valve. Thus, system fuel pressure is the
amount of fuel pressure required to force against spring
pressure and unseat the fuel return valve.

Without vacuum applied to the spring side of the regulator,
the spring is calibrated to open the fuel return outlet when
the pressure differential between the fuel injectors and the
intake manifold reaches approximately 269 kPa (39 psi).
Since manifold vacuum varies with engine operating
conditions, the amount of vacuum applied to the spring side
of the diaphragm varies. For this reason, fuel pressure
varies depending upon intake manifold vacuum. With low
vacuum, such as during wide open throttle conditions,
minimal vacuum assistance is available and full spring
pressure is exerted to seal the fuel outlet causing system
pressure to increase. With high vacuum, such as during idle,

T T . -
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fuel pressure on the bottom of the diaphragm is assisted by
intake manifold pressure on the spring side of the
diaphragm, resulting in lower system fuel pressure. The
fuel pressure regulator is not controlled by the PCM.

Racing Modifications

By their nature, unlike carbureted engine set-ups, fuel
injection systems deliver fuel equally among all four
cylinders. It’s because of this excellent fuel distribution
characteristic that fuel injection is preferred over carburetors,
even over high performance 2 and 4-Bbl. carburetors.

And don’t disconnect those stock fuel injection sensors!
Today’s engines run a lot hotter because they run a lot
leaner; because of this, fuel injection temperature is very
critical. It is something that has to be constantly monitored
and stabilized to keep the fuel injection and the power level
in their proper places. Mopar Performance Parts
recommends the use of all sensors, even in high-
performance racing set-ups. These sensors constantly input
vital information to the PCM, and the PCM corrects the
mixture accordingly.

And don’t abandon that oxygen sensor, either. Since racing
set-ups don’t use catalytic converters, use an EGT probe to
locate the hottest spot in the exhaust system and install the
oxygen sensor there.

Crankcase Ventilation System

All 2.5L 4-cylinder engines are equipped with a Crankcase
Ventilation (CCV) system (Figure 2-84). The CCV system
performs the same function as a conventional PCV system,
but does not use a vacuum controlled valve.

A fitting on the driver’s side of cylinder head (valve)
cover contains the metered orifice. It is connected to
manifold vacuum.

A fresh air supply CCV tube (hose) from the air cleaner is
connected to the rear cover.

When the engine is operating, fresh air enters the engine and
mixes with crankcase vapors. Manifold vacuum draws the
vaporf/air mixture through the fixed orifice and into the intake
manifold. The vapors are then consumed during combustion.

Blada5d8

Figure 2 - 84

THROTTLE BODY (SINGLE POINT) FUEL
INJECTION (TBI)

Throttle Body Fuel Injection (TBI)is a single point, pulse
time system that injects fuel through an electrically
operated fuel injector into the throttle body above the
throttle plate.

The fuel injection pulse width (period of time that the
injector is energized causing fuel to be released into the
throttle body) is controlled be the engine’s Electronic
Control Unit (ECU). The ECU accomplishes this by
opening and closing the ground path to the injector. By
controlling fuel injector pulse width, the ECU is able to
meter the amount of fuel to the engine and constantly adjust
the air-fuel ratio.

The ECU receives inputs from sensors that react to exhaust
gas oxygen content, coolant temperature, manifold absolute
pressure, engine speed (crankshaft position), throttle
position, battery voltage, and air-fuel temperature. These
inputs represent the engine’s instantaneous operating
conditions. Based on these inputs, the ECU adjusts air-fuel
ratio and ignition timing for the current operating
conditions. The engine control system is comprised of (1)
the sensors and switches that provide input to the ECU, (2)
the ECU itself, and (3) the ECU outputs (engine control
devices that the ECU constantly adjusts).
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The engine control system consists of

e Coolant Temperature Sensor (CTS)

e  Manifold Air Temperature (MAT) Sensor

e Manifold Absolute Pressure (MAP) Sensor

e Engine Speed /Crankshaft Position Sensor (CPS)
e  Throttle Position Switch (TPS)

e Exhaust Oxygen (0O?) Sensor

e  Battery Voltage (B+)

e A/C Select Signal

e A/C Request Signal

e Wide Open Throttle Switch (model specific—check
your service manual)

e Closed Throttle Switch

e Neutral Safety Switch

e Power Steering High Pressure Switch
e  Starter Motor Relay

e Electronic Control Unit (ECU)

e  Fuel Pump Relay

e B+ Latch Relay

e Idle Speed Actuator (ISA)

e Ignition Control Module

e Fuel Injector

e EGR/Evaporative Canister Purge Solenoid (model
specific —check your service manual)

e EGR Valve Vacuum Solenoid (model specific —check
your service manual)

e A/C Compressor Clutch Relay (model specific—check
your service manual)

Air-fuel mixture calibrations for various driving and
atmospheric conditions are programmed into the ECU. The
ECU monitors and analyzes its various inputs, computes
engine fuel and ignition timing requirements based on these
inputs, and controls fuel delivery and ignition timing
accordingly. As operating conditions change, the ECU
adjusts injector pulse width and ignition timing for
optimum performance and fuel economy.

Electronic Control Unit (ECU)

The ECU controls the fuel injector pulse width and ignition
timing based on inputs received from sensors that react to
exhaust gas oxygen content, air-fuel temperature, coolant
temperature, manifold absolute pressure, battery voltage,
crankshaft position (engine speed), throttle position and
inputs from switches that are triggered by power steering
pump output pressure, wide open throttle conditions, and
transmission gear selection (automatic transmissions only).
Battery voltage is also monitored to determine injector
pulse width. These sensors and switches are considered
ECU inputs.

ECU Inputs

The ECU is powered by the vehicle's battery. When the
ignition is turned to the ON or START position, the
following inputs are supplied to the ECU:

e  Start Signal

e Engine Coolant Temperature

e Intake Manifold Air-Fuel Temperature
e Intake Manifold Absolute Pressure

e Engine Speed (Crankshaft Position)

e  Throttle Position

e  Exhaust Gas Oxygen Content

e Battery Voltage

e A/C Select and Request

e Wide Open Throttle Switch (model specific—check
your service manual)

e Closed Throttle Switch

e Neutral Safety Switch

e Power Steering Pressure Switch
ECU Outputs

The following are controlled by the ECU:
e Electric Fuel Pump Relay

e B+ Latch Relay

e A/C Compressor Clutch Relay

e Idle Speed Actuator (ISA) Motor
e  Ignition Power Module

e  Fuel Injector

e EGR/Evaporative Canister Purge Solenoid (model
specific —check your service manual)

e EGR Valve Vacuum Solenoid (model specific—check
your service manual)

e  Shift Indicator Lamp —Manual Transmission Only
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Modes of Operation

As input signals to the ECU change, the ECU adjusts its
response to the output devices. For example, the ECU must
calculate a different injector pulse width and ignition timing
for idle than it does for wide open throttle.

Modes of operation are of two different types: OPEN
LOOP and CLOSED LOOP.

During OPEN LOOP modes, the ECU receives input
signals and responds only according zo preset ECU
programming. Input from the oxygen (O,) sensor is not
monitored during OPEN LOOP modes.

During CLOSED LOOP modes the ECU does monitor the
O, sensor input. This input indicates to the ECU whether or
not the calculated injector pulse width results in the ideal
air-fuel ratio (14.7 parts air to 1 part fuel). By monitoring the
exhaust oxygen content through the O, sensor, the ECU can
‘fine tune’ the injector pulse width to achieve optimum fuel
economy combined with low emission engine performance.

The TBI system has the following modes of operation:
e Ignition Switch ON

e Engine Start-up

e Engine Warm-up

e Cruise

e Deceleration

e  Wide Open Throttle

e Ignition Switch OFF

The Ignition Switch ON, Engine Start-up (crank), Engine
Warm-up, Deceleration, and Wide Open Throttle modes
are OPEN LOOP modes. The Deceleration and Cruise
modes, with the engine at operating temperature, are

CLOSED LOOP modes.
Throttle Body

The throttle body is mounted on top of the intake manifold
and contains the fuel injector, fuel pressure regulator, and
throttle valve. The fuel inlet and return tubes are connected
to the throttle body by pressure fittings. The ISA motor and
throttle position sensor (TPS) are also mounted to the
throttle body.

FUEL PUMP

The fuel pumps used for carbureted and fuel injected
vehicles are different. Carbureted vehicles have a
mechanical fuel pump driven by an eccentric lobe on the
engine’s camshaft. Fuel injected engines (such as the 2.5L)
have a gear/rotor type pump driven by a permanent,
magnetic 12 volt electric motor that is immersed in the fuel
tank. This electric pump is integral with the fuel sender unit
and is also installed inside the fuel tank.

Note: Electric fuel pumps used for Throttle Body Injection and
Multi-Point Injection systems, though similar in appearance
and function, are differentand CANNOT be interchanged.

TBI Fuel Pump

The TBI fuel pump has a check valve at the outlet end that
consists of a steel ball held against a seat by force applied
from a spring. When the pump is operating, fuel pressure
overcomes spring pressure and forces the ball off its seat,
allowing fuel to flow. When the pump is not operating,
spring pressure forces the ball back against the seat
preventing fuel back flow through the pump.

Voltage to operate the TBI fuel pump is supplied through
the fuel pump relay when the relay is grounded by the
engine’s Electronic Control Unit (ECU).

TBI system fuel pressure is 97-103 kPa (14-15 psi)
while the pump is operating, and zero (0) when the
pump is not operating.

FUEL FILTER

The fuel filter protects the fuel injector(s) from dirt, water
and other foreign matter. The filter is located under the
vehicle along the driver’s side frame rail. Replace filter at
intervals specified on the Maintenance Schedule in the
service manual.

Caution: Fuel filters designed for carbureted systems are
NOT interchangeable with filters designed for fuel injection
systems. Using fuel filters designed for carbureted systems
on fuel injection systems will cause damage to system
components and/or fuel system shut down. For proper fuel
injection system fuel filter availability and pricing, contact
your local Chrysler-Plymouth-Dodge-Jeep dealer.

INTAKE MANIFOLD

Removal

1. Disconnect the battery negative cable.

2. Remove the air inlet hose and resonator from the
throttle body and air cleaner housing (Figure 2-84).

3. Loosen the accessory drive belt tension and remove the
belt from the power steering pump. (Refer to the proper
service manual for correct procedure.)

4. Remove the power steering pump and brackets from
the water pump and intake manifold. Support power
steering pump and bracket with wire attached to the
radiator upper crossmember.

5. Perform the fuel pressure release procedure. (Refer to
the proper service manual for correct procedure.)

6. Disconnect fuel supply tube from the fuel rail. (Refer
to the proper service manual for correct procedure.)
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7.

Disconnect the accelerator cable from the throttle body
and cable bracket.

Caution: When disconnecting the speed control connector
at the throttle body, DO NOT pry the connector off with
pliers or screwdriver. Use finger pressure only. Prying the
connector off could break it.

8.

10.

11.

12.

13.
14.

15.

16.

Disconnect the speed control and transmission line
pressure cable from the throttle body and cable bracket
(if equipped).

Disconnect the following electrical connectors. Pull
the harnesses away from the manifold.

Throttle Position Sensor

e Idle Air Control motor

e Coolant Temperature Sensor at the thermostat
housing

e Manifold Air Temperature sensor at the intake
manifold

e  Fuel injector(s)
e  Oxygen (O,)sensor

Disconnect the crankcase ventilation (CCV) vacuum
hose and Manifold Absolute Pressure sensor vacuum
hose connector at the intake manifold.

Disconnect HVAC supply vacuum hose from the
intake manifold.

Disconnect the CCV hose at the cylinder head cover
(Figure 2-84).

Remove the molded vacuum harness.

Disconnect the vacuum brake booster hose at the
intake manifold.

Remove bolts 2 through 5 securing the intake manifold
to the cylinder head (Figure 2-85). Loosen but DO NOT
remove exhaust manifold bolt No. 1 and nuts 6 and 7.

Remove the intake manifold and gaskets. Drain the
coolant from the manifold.

CYLINDER HEAD DOWELS

192115

Figure 2 - 85

Installation

.

Clean the intake manifold and cylinder head mating
surfaces. DO NOT allow foreign material to enter either
the intake manifold or the ports in the cylinder head.

Install the new intake manifold gasket over the locating
dowels.

Position the manifold in place and finger-tighten the
mounting bolts.

Tighten the fasteners in sequence and to the specified
torque (Figure 2-85).

e Fastener No. I-Tighten to 41 Nem (30 ft-1bs)
torque.

e Fastener No. 2 through No. 7—Tighten to 31 Nem
(23 ft-1bs) torque.

Before connecting the fuel line to the fuel rail, inspect
the fuel line O-rings and replace them if necessary.
Connect the fuel supply tube to the fuel rail inlet. Push
tube until a click is heard.

Pull on fuel supply line to verify that it is properly
connected. Install latch clip.

Connect the molded vacuum hoses to the vacuum port
on the intake manifold and the cylinder head cover.

Connect the electrical connectors.
e Throttle Position Sensor
e Idle Air Control motor

e Coolant Temperature Sensor at the thermostat
housing

e Manifold Air Temperature sensor at the intake
manifold

e  Fuel injector(s)

e Oxygen (O,)sensor
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9. Connect the brake booster vacuum supply hose.

10. Connect the CCV hose and MAP sensor vacuum hose
connectors to the throttle body.

11. Install the power steering pump and bracket assembly
to the water pump and intake manifold. Torque power
steering pump bolts to 28 (21 ft-1bs). Torque
bracket to water pump bolts to 47 (35 ft-1bs).

Caution: Ensure that the accessory drive belt is routed
correctly. Failure to do so can cause the water pump to turn
in the opposite direction resulting in engine overheating.
(Refer to the proper service manual for correct procedure.)

12. Install and tension the accessory drive belt. (Refer to
the proper service manual for correct procedure.)

13. Connect the accelerator cable to the bracket and the
throttle lever.

14. Connect the speed control and transmission line pressure
cable (if equipped) to the bracket and throttle lever.

15. Install the air inlet hose and resonator to the throttle
body and the air cleaner.

16. Connect the battery negative cable.

17. Start the engine and check for leaks.

AIR FILTERS

High Performance Air Filter Element

Special reusable filter element for high performance.
Increases air flow versus stock filters which increases
engine output.

18 High performance air filter element,
1986-96 Jeep Wrangler only.

High performance air filter element,
1997-98 Jeep Wrangler only.

High performance air filter element,
1987-96 Jeep Cherokee only.

Air Filter Cleaning Fluid

Mopar Performance Parts long-life high performance air
filters are reusable. This cleaning fluid is designed to
remove dirt to extend the life of the filter.

Air filter cleaning fluid.

Air Filter Oil

Long life, high performance air filters trap dirt with a
special oil on the filter. After cleaning air filters, re-oil
them with this special fluid.

Air filter oil.
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Exhaust System

EXHAUST SYSTEM

The basic exhaust system on all vehicles consists of an
exhaust manifold, front exhaust pipe, catalytic converter,
heat shield(s), muffler and tailpipe (Figure 2-86).

Vehicles with the 2.5L engine use a single muffler exhaust
system with a single, monolithic-type catalytic converter.

The exhaust system must be properly aligned to prevent
stress, leakage, and body contact. If the system contacts any
body panel, it may amplify objectionable noises originating
from the engine or body.

When inspecting an exhaust system, critical items to
inspect for are cracked or loose joints, stripped screw or
bolt threads, corrosion damage, and worn, cracked or
broken hangers. Replace all components that are badly
corroded or damaged. DO NOT attempt to repair. When
replacement is required, use original equipment parts (or
their equivalent). This will assure proper alignment and
provide acceptable exhaust noise levels.

All exhaust systems should be checked for leaks. A leak in
the exhaust system is unsafe and will cost you power.

Caution: Avoid application of rust prevention compounds
or undercoating materials to exhaust system floor pan heat
shields. Light overspray near the edges is permitted.
Application of coating will result in excessive floor pan
temperatures and objectionable fumes.

HEAT SHIELD
(TOP)

&
CATALYTIC CONVERTER &

‘RONT EXHAUST
DOWNPIPE

HEAT SHIELD
(BOTTOM)

figure 2 - 86

Intake/Exhaust Manifold Attaching Package

Package of factory original nuts and bolts to attach intake
and exhaust manifolds. Includes five bolts, seven washers,
four studs, two pins, two spacers, and three plugs. For
Jeep 2.5L carbureted engines only.

P4529679 Intake/Exhaust manifold attaching

package.

Intake/Exhaust Manifold Gasket

The 2.5L engine uses a common intake and exhaust
manifold gasket. This gasket is designed for original
replacement. For Jeep 2.5L engine only.

P4529663 Intake/Exhaust manifold gasket.

Exhaust Gas Recirculation (EGR)

To assist in the control of oxides of nitrogen (NO,) in
engine exhaust, all engines are equipped with an exhaust
gas recirculation (EGR) system (Figure 2-87). The use of
gas to dilute incoming air/fuel mixtures lowers peak flame
temperature during combustion, thus limiting the
formation of NO,.

Exhaust gases are taken from openings in the exhaust gas
crossover passage in the intake manifold. Refer to the
service manual for a complete description, diagnosis and
proper service procedures.
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Figure 2 - 87
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Exhaust System Troubleshooting Chart

Condition Possible Cause Correction
EXCESSVE EXHAUST (a) Leoks & pipe joints. (a) Tighten clamps at leaking joints.
NOISE
(o) Burned or blown-out muffler. {b} Replace muffler assembly.
(c) Burned or rusted-out exhaust pipe. (c) Replace exhaust pipe.
(d) Exhaust pips leaking & manifold flange. {d} Tighten connection attaching nuts.
(e) Exhaustmanifold cracked ¢ broken. (e) Replace manifold.
{f} Leak between manifold and cylinder head. f 'bl'ié;#sten manifold to cylinder head stid nuts or
(g) Restriction in muffler or tailpipe. (g) Remove restriction, if possible, or replace, as
necessary.
LEAKING EXHAUST (a) Leaks & pipe joints. (a) Tighten U-bolt nuts at looking joints.
GASES
(b) Damaged or improperly installed gaskets. (b) Replace gaskets as necessary.
ENGINE HARD TO WARM (a)Heat control valve frozen in the open peosition. | (a) Free-up manifold heat control valve usinga
UP CRWILL NOT RETURN suitable solvent.
TO NORMAL IDLE - .
(b) Blocked crossover passage in intake manifold. | (b) Remove restriction or replace intake manifold.
HEAT CONTROL VALVE (a) Thermostat broken. () Replace thermostat.
NOISY
(b) Broken, weak or missing anti-de spring. (b) Replace spring. 18911.2
Exhaust System Torque Specifications
COMPONENTS ENGINES TORQUES
Air InjectionMonifold Fittings 5.9L 52 Nem 38 ft-lbs
Air Pump Adjustment Strop 591 27 Nem 20 ft-Ibs
Air Pump Mounting Bolts 5.9L 27 Nom 20 ft-Ibs
Carburetor Mounting Nuts 59L 19 Nem 14 ft-lbs
Catalytic Converter-to-Muffler 4.2L & 5.9L 61 Nem 45 ft-lbs
Clamp Nuts
Downpipe-to-Catalytic Converter Nuts 420 34 Nom 25 ft-lbs
Downpipe-to-Cotalytic Converter 5.9L 61 Nem 45 ft-ibs
Clomp Nuts
Downpipe-to-Exhaust Manifold Nuts 2.51 & 4.0L 31 Nem 23 ft-lbs
Downpipe-to-ExhausiManifold Nuts 4.2La59L 27 Nem 20 ft-Ibs
Downstream Tube-to-Catalytic 420 5N'm (44 in-Ibs]
Converter Clomp
Exhoust Monifold Bolts/Nuts 2.5L 41 Nem 30 fi-lbs
Exhoust Manifold Middle Nuts 40La4.2L 41 Nem 30ft-Ibs
Exhaust Monifold Outside Nuts 40La4.2L 31 Nem 23 ft-lbs
Exhaust Monifold Center Two Bolts 59L 34 Nem 25 ft-lbs
Exhoust Manifold Outer Four Bolts 59 20 Nem 15ft-lbs
EGR Tube Nuis 2.5, 4.0La4.2L 41 Nem 30 ft-1bs
HER Tube Bolts 2.5L 19 Nem 14 ft-lbs
Intoke Monifold Bolts 2.5(,4.0L & 4.2L 31 Nem 23 ft-lbs
Intoke Manifold Bolts 5.91 58 N«m 43 ft-lbs
Oxygen Sensor 2,61, 4.0L 84.2L 48 Nsm 35 ft-lbs
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EXHAUST MANIFOLD

Removal

1. Disconnect the battery negative cable.

2. Raise the vehicle.

3. Disconnect the exhaust pipe from the engine
exhaust manifold.

4. Lower the vehicle.

5. Remove the intake manifold. (Refer to Intake Manifold
Removal, ‘Fuel Delivery and Fuel Injection Systems’
section of this chapter.)

6. Remove fasteners 2 through 5 and remove the intake
manifold (Figure 2-85).

7. Remove fasteners 1, 6 and 7 and remove the engine
exhaust manifold (Figure 2-85).

Installation

1. Clean the intake and engine exhaust manifolds and
cylinder head mating surfaces. DO NOT allow foreign
material to enter either the intake manifold or the ports
in the cylinder head.

2. Install a new intake manifold gasket over the alignment

dowels on the cylinder head.

6.

10.
11

12.
13.
14.

Install the engine exhaust manifold assembly. Exhaust
manifold must be centrally located over the end studs
and spacer (Figure 2-85).

Tighten bolt No. 1to 41 Nem (30 ft-1bs) torque (Figure
2-85).

Install the intake manifold on the cylinder head dowels
(Figure 2-85).

Install bolts 2 through 5 (Figure 2-85). Tighten these
bolts to 31 Nem (23 ft-1bs) torque.

Install new engine exhaust manifold spacers over the
engine exhaust manifold mounting studs in the
cylinder head (Figure 2-85).

Tighten nuts 6 and 7 to 31 Nem (23 ft-Ibs) torque
(Figure 2-85).

Install all components to the intake manifold.
Raise the vehicle.

Connect the exhaust pipe to the engine exhaust
manifold. Tighten the bolts to 31 Nem (23 ft-Ibs) torque.

Lower the vehicle.
Connect the battery negative cable.

Start the engine and check for leaks.
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Ignition System

THROTTLE BODY FUEL INJECTION (TBI)
IGNITION SYSTEM

The 2.5L engine TBI ignition system is controlled by the
Electronic Control Unit (ECU). The ignition system
consists of

¢ Ignition Control Module (ICM)

The solid-state Ignition Control Module (ICM)
consists of a solid-state ignition circuit and an
integrated ignition coil that can be removed and
serviced separately if necessary.

Ignition advance/retard is controlled electronically by
the Electronic Control Unit (ECU). Electronic signals
from the ECU to the ICM determine the amount of
ignition timing advance or retard needed to meet
various engine load requirements.

The ECU provides an input signal to the ICM. The
ICM has only two outputs:

— Tachometer signal to the tachometer and
diagnostic connector

— High voltage from the coil to the distributor cap
o Electronic Control Unit (ECU)

The ECU controls the fuel injector pulse width and
ignition timing based on inputs received from sensors
that react to exhaust gas oxygen content, air-fuel
temperature, coolant temperature, manifold absolute
pressure, battery voltage, crankshaft position (engine
speed), throttle position and inputs from switches that
are triggered by power steering pump output pressure,
wide open throttle conditions, and transmission gear
selection (automatic transmissions only). Battery
voltage is also monitored to determine injector pulse
width. These sensors and switches are considered ECU
inputs. For more information, refer to ‘Fuel Delivery
and Fuel Injection Systems’ section of this chapter.

¢ Distributor

The 2.5L engine distributor does not have built-in
centrifugal or vacuum assisted advances. Ignition
timing/advance is controlled by the Electronic Control
Unit (ECU). Because ignition timing is controlled by
the ECU, base ignition timing is not adjustable on any
of these engines. The distributor is locked in place by
an ear on the distributor housing that a hold down bolt
passes through when the distributor is installed.
Because the distributor position is locked when
installed, its rotational position cannot be changed. DO
NOT attempt to modify the distributor housing to get
distributor rotation.

Distributor Cap and Rotor Set
Distributor cap and rotor for 2.5L engines only.

P4529685 Distributor cap and rotor set.

MULTI-POINT FUEL INJECTION (MPI) IGNITION
SYSTEM

The 2.5L engine MPI ignition system is controlled by the
Powertrain Control Module (PCM).

The MPI ignition system consists of
e  Spark Plugs

e Ignition Coil

e Secondary Ignition Cables

e Distributor (containsrotor and camshaft position sensor)
e Powertrain Control Module (PCM)

e Crankshaft Position, Camshaft Position, Throttle
Position and MAP Sensors

Camshaft Position Sensor

The camshaft position sensor is located in the distributor.

The sensor contains a hall effect device called a sync signal
generator to generate a fuel sync signal. This sync signal
generator detects a rotating pulse ring (shutter) on the
distributor shaft. The pulse ring rotates 180 degrees through
the sync signal generator. Its signal is used in conjunction
with the crankshaft position sensor to differentiate between
fuel injection and spark events. It is also used to synchronize
the fuel injectors with their respective cylinders.

When the leading edge of the pulse ring (shutter) enters the
sync signal generator, the interruption of magnetic field
causes the voltage to switch high resulting in a sync signal
of approximately 5 volts.

When the trailing edge of the pulse ring (shutter) leaves the
sync signal generator, the change of the magnetic field
causes the sync signal voltage to switch low to 0 volts.
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Distributor

All MPI engines are equipped with a camshaft driven
mechanical distributor containing a shaft driven distributor
rotor. All distributors are equipped with an internal camshaft
position (fuel sync) sensor (Figure 2-88). This sensor provides
fuel injection synchronization and cylinder identification.

The distributor does not have built in centrifugal or vacuum
assisted advance. Base ignition timing and all timing advance
is controlled by the Powertrain Control Module (PCM).
Because ignition timing is controlled by the PCM, base
ignition timing is not adjustable on any of these engines.

The distributor is locked in place by a fork with a slot
located on the distributor housing base. The distributor hold
down clamp bolt passes through this slot when installed.
Because the distributor position is locked when installed, its
rotational position can not be changed. DO NOT attempt to
modify the distributor housing to get distributor rotation.

Distributor position will have no effect on ignition timing.
The position of the distributor will determine fuel
synchronization only.

All distributors contain an internal oil seal that prevents
oil from entering the distributor housing. The seal is
not serviceable.

CAMSHAFT
POSITION
SENSOR

SYNC
SIGNAL —
GENERATOR

DISTRIBUTOR
ASSEMBLY 80208314

Figure 2 - 88
Distributor Cap

Remove the distributor cap and wipe it clean with a dry lint
free cloth. Visually inspect the cap for cracks, carbon paths,
broken towers or damaged rotor button (Figure 2-89 and
Figure 2-90). Also check for white deposits on the inside
(caused by condensation entering the cap through cracks).
Replace any cap that displays charred or eroded terminals.
The machined surface of a terminal end (faces toward rotor)
will indicate some evidence of erosion from normal
operation. Examine the terminal ends for evidence of
mechanical interference with the rotor tip.
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TOWER
DISTRIBUTOR
/ CAP
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RACK J918D-9

1918D-10

Figure 2 - 90
Distributor Rotor

Visually inspect the rotor (Figure 2-91) for cracks, evidence
of corrosion or the effects of arcing on the metal tip. Also
check for evidence of mechanical interference with the cap.
Some charring is normal on the end of the metal tip. The
silicone-dielectric varnish compound applied to the rotor
tip for radio interference noise suppression will appear
charred. This is normal. DO NOT remove the charred
compound. Test the spring for insufficient tension. Replace
arotor that displays any of these adverse conditions
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Figure 2 - 91

Ignition Coil

The ignition coil is an epoxy filled type. If the coil is
replaced, it must be replaced with the same type.

1.

Removal

The ignition coil is mounted to a bracket on side of
engine (to rear of distributor) (Figure 2-92).

a. Disconnect ignition coil secondary cable from
ignition coil.

b. Disconnect engine harness connector from
ignition coil.

c. Remove ignition coil mounting bolts (nuts are
used on back side of bracket on some coils).
d. Remove coil from vehicle.

Installation

a. Install ignition coil to bracket on cylinder block
with mounting bolts (and nuts if equipped). If
equipped with nuts and bolts, tighten to 11 Nem
(100 in-lbs) torque. If equipped with bolts only,
tighten to 5 Nem (50 in-1bs) torque.

b. Connect engine harness connector to coil.

c. Connect ignition coil cable to ignition coil.
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Figure 2 - 92
SPARK PLUGS

Spark Plug and Ignition Wire Removal

Remove the ignition wire by grasping it at the spark plug
boot, and then turn (1/2 turn) and pull it straight back in one
steady motion.

e  Prior to removing the spark plug, spray compressed air
around the spark plug hole and the area around the
spark plug.

e Remove the spark plug using a quality socket with a
rubber or foam insert.

e Inspect the spark plug. Refer to 'Ignition System'
section of Chapter 4 for information.

Specifications

Spark Plug Electrode Tightening

Enuine Type Gap Torque
2.5L RC-12LYC 0.89 mm 37 Nem

(0.035") (27 ft-lbs)

Gap Adjustment

Check the spark plug with a gap (feeler) gauge. If the gap
is not correct, adjust it by bending the ground electrode.
The gap for 2,5L engines is 0.89 mm (0.035").




90 MOPAR PERFORMANCE PARTS

Installation

®  Start the spark plug into the cylinder head by hand to
avoid cross threading.

®  Tighten the spark plug to 37 Nem (27 ft-lbs) torque.
e Install ignition wires over spark plugs.

Always tighten spark plugs to the specified torque. Over
tightening can cause distortion resulting in a change in the
spark plug gap. Tighten all spark plugs to 37 Nem (27 ft-lbs).

When replacing the ignition wires, route the wires
correctly and secure them in the proper retainers. Failure to
route the wires properly can cause ignition noise radio
reproduction, cross ignition of spark plugs, or short-circuit
the wires to ground.

STARTER MOTOR

The starter motor is mounted with two screws to the right
rear corner of the engine block.

The starter motor incorporates several features to create a
reliable, efficient, compact, lightweight and powerful unit.
The electric motor of the starter has four brushes contacting
the motor commutator. The starter motor uses four
permanent magnets for the field poles, and is rated at 1.2
kilowatts (about 1.6 horsepower) output at 12 volts.

The starter motor is serviced only as a unit with its starter
solenoid, and cannot be repaired. If either component is
faulty or damaged, the entire starter motor and starter
solenoid unit must be replaced.

Mopar Performance Parts Spark Plugs

o —

NEW! These spark plugs are specifically designed for the optimum performance of your Mopar
engine. Each package contains 4 spark plugs.

Race & Tuning Application Plugs (J-Strap Type)
Pack PIN Cross Reference Application
PA876939 C 63C All except ‘B-RB’ engines
P4876940 C61C to C59C All except ‘B-RB’ engines
P487694 1 C57cto C 55 All except ‘B-RB’ engines
P4876942 C53ctoCsIC All except ‘B-RB’ engines
P4876943 C 51C All except ‘B-RB’ engines
P4876944 C61Cto C 59C All except ‘B-RB’ engines
P4876945 C 57cto CA5C All except ‘B-RB’ engines
Professional Race Plugs

Pack PIN Cross Reference Application
P4876928 C61Cto C 59C All Race Applications
P4876929 C57ctoC 55 All Race Applications
PA876930 C53Cto C51C All Race Applications
P487693 1 C51C All Race Applications
P4876932 S 61Cto S 59C All Race Applications
P4876933 S57c¢toS57¢ All Race Applications
P4876934 S53to$Slc All Race Applications
P4876935 S51C All Race Applications




2.5L POWER TECH IN-LINE 4 (IGNITION SYSTEM) M

Operation

The starter motor is equipped with a planetary gear
reduction (intermediate transmission) system. The
planetary gear reduction system consists of a gear that is
integral to the output end of the electric motor armature
shaft that is in continual engagement with a larger gear that
is splined to the input end of the starter pinion gear shaft.
This feature makes it possible to reduce the dimensions of
the starter. At the same time, it allows higher armature
rotational speed and delivers increased torque through the
starter pinion gear to the starter ring gear.

The starter motor is activated by an integral heavy duty
starter solenoid switch mounted to the overrunning clutch
housing. This electromechanical switch connects and
disconnects the feed of battery voltage to the starter motor
and actuates a shift fork that engages and disengages the
starter pinion gear with the starter ring gear.

The startermotor uses an overrunning clutch and starter pinion
gear unit to engage and drive a starter ring gear that is integral
to the flywheel (manual transmission) or torque converter
drive plate (automatic transmission) mounted on the rear
crankshaft flange. Shims are available and can be used to
adjust the starter motor mounting position to correct for
improper starter pinion gear-to-starterring gear engagement.

Removal

1. Disconnect and isolate the battery negative cable.
2. Raise and support the vehicle.

3. While supporting the starter motor with one hand, use
the other hand to remove the two screws that secure the
starter motor to the engine block (Figure 2-93).

4. Lower the starter motor from the engine block far
enough to access and remove the nut that secures the
solenoid wire harness connector eyelet to the solenoid
terminal stud. Always support the starter motor during
this process. DO NOT let the starter motor hang from
the wire harness.

5. Remove the nut that secures the battery cable harness
connector eyelet to the solenoid battery terminal stud.
Always support the starter motor during this process. DO
NOT let the starter motor hang from the wire hamess.

6. Remove the battery cable and solenoid wire connector
eyelets from the solenoid terminal studs.

7. Remove the starter motor and any starter motor shims
(if used) from the engine compartment.

STARTER

CONNECTOR

&<€— SCREW "

NUTS

Figure 2 - 93
Installation

1. Position the starter motor in the engine compartment.

2. [Install the battery cable and solenoid wire connector
eyelets onto the solenoid terminal studs.

3. Install and tighten the nut that secures the battery cable
harness connectoreyelet to the solenoid battery terminal
stud. Tighten the nut to 10 Nom (90 in-1bs). Always
support the starter motor during this process. DO NOT
let the starter motor hang from the wire harness.

4. [Install and tighten the nut that secures the solenoid
wire harness connector eyelet to the solenoid terminal
stud. Tighten the nut to 6 Nem (55 in-lbs). Always
support the starter motor during this process. DO NOT
let the starter motor hang from the wire harness.

5. Position the starter motor and any starter motor shims
that were removed to the engine block and loosely
install both of the mounting screws.

Note: Shim thickness available is 0.381 mm (0.015").
Refer to the proper service manual for more information.

6. Tighten both of the starter motor mounting screws to
45 Nom (33 ft-1bs).

7. Lower the vehicle.

8. Reconnect the battery negative cable.
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MOPAR PERFORMANCE PARTS ELECTRONIC
IGNITION COMPONENTS

High Performance Electronic Control Units

For a hotter spark and more rpm capability, use one of
Mopar Performance Parts’ high performance ECUs. For
general high performance and usage up through 6,000
rpm, use the Orange Box ECU. For higher rpm output
requirements up through 8,000, select the Chrome Box
ECU.

P4120505 Orange Box ECU.
P4120534 Chrome Box ECU.

. _____________________________________________________________________|
Super Gold Electronic Control Unit

The Super Gold Electronic Control Unit is the culmination
of eight years of high performance ignition systems
development. Designed to out perform any ignition unit
previously offered to Mopar racers, it will handle the high
current demand by the P3690560 (Accel) high
performance coil, while keeping dwell variation to less
than 1° from 1,000to 10,000rpm. Dwell is set for
maximum spark output at low and high engine speeds.
The Super Gold ECU provides outstanding performance
from idle to 12,000 rpm.

P4120600 Super Gold ECU —race only.

Ballast Resistor— Electronic Distributor

Use with mechanical advance distributor
using P3690560 coil. 1/4 Ohm.

P244464 1

P5206436 Use with electronic ignition systems
using P4120505 Orange Box ECU and
production coil, or with P4120889 coil.

1 Ohm.

Ignition Coils

P4120889 Accel Super Coil for all 12-volt
applications. Not recommended for
engine speeds over 6,500 rpm. (Use with
ballast resistor P5206436.)

P3690560 Accel Race Coil specifically designed to

be used with race electronic ignition
kits. Designed for racing applications
only. Not recommended for continued
operation at speeds below 3,000 rpm for

more than 30 minute periods. (Use with
ballast resistor P2444641.)

Control Wiring Harness Kit for Electronic Ignitions
Kit used to convert to a new electronic ignition system.

P3690 152 Control wiring harness kit for electronic

ignitions.

Chrome Ignition Coil Bracket

Another underhood piece to dress-up your engine
compartment. Includes special clamp screw.

P4286728 Chrome ignition coil bracket.

Tach Adapter

Designed for applications when high capacitive discharge
coils interfere with tachometer or fuel injection signals.
This device provides a clear 12 volt square wave signal
output with a 30% duty cycle.

P4876738 Tach adapter.
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Engine Assembly

Note: For engine assembly information, performance modifications and tips, refer o 'Engine Assembly' section of Chapter
4. 4.0L Power Tech In-Line 6.

1990, 2.5L. ENGINE SPECIFICATIONS

Note: The following information has been reprinted from the 1990 Jeep Wrangler Service Manual.

Cylinder Block
Deck Height 236.7.3 mm 9.320 in.
Deck Clearance 0.000 mm 0.000 in.
Cylinder Bore Diameter (Standard) 98.42.98.48 mm 3.8751-3.8775 in.
Maximum Taper 0.025mm 0.001 in.
Maximum Out-of-Round 0.025 mm 0.001 in.
Tappet Bore Diameter 23.000-23.025 mm 0.9055-0.9065 in.
Cylinder Block Flatness 0.03 per 25 mm 0.001 per 1in.
0.05 per 152 mm 0.002 per 6 in.
Main Bearing Bare Diameter 68.35-68.38 mm 2.691-2.692 in.
Combustion Chamber Volume 49.9-52.9 cc 3.04-3.23 cu. in.
Valve Arrangement E-I-I-I-E-I-I-E
Valve Guide ID (Integral) 7.957.97 mm 0.313-0.314 in.
Valve Stem-to-Guide Clearance 0.02-0.07 mm 0.001-0.003 in.
Intake Valve Seat Angle 44°30
Exhaust Valve Seat Angle 44°30°
Valve Seat Width 1.02.1.52 mm 0.040-0.060 in.
Valve Seat Runout 0.064 mm 0.0025 in.
Cylinder Head Flatness 0.03 per 25 mm 0.001 per 1 in.
0.05 per 152 mm 0.002 per 6 in.
Oil Pressure
At Idle Speed (800 rpm). ..vvviiiiiiiiiiiianns 172-241kPa 25-35 psi
AL1600+ rPML. oo 255.517 kPa 37-75 psi
Oil PressureRelief ......coovevveeiiiiiiiann.., 517 kPa 75 psi
Oil Pump
Gear-to-Body Clearance (Radial) . ............... 0.051-0.102 mm 0.002-0.004 in.
Preferred........cooviiiiiiiiiiiii 0.051 mm 0.002 in.
Gear End Clearance = Plastigage................ 0.051-0.152 mm 0.002-0.006 in.
Preferred ... 0.051 mm 0.002 in.
Gear End Clearance = Feeler Gouge ............ 0.1016-0.2032 mm 0.004-0.008 in.
Preferred..... ... 0.1778 mm 0.007 in.
Rocker Arms, Push Rods and Tappets
Rocker Ar Ratio 1.6:1
Push Rad length 241.300-241.808 mm 9.500-9.520 in.
Push Rod Diameter 7.5'2-8.00 mm 0.312-0.315 in.
Hydraulic Tappet Diameter 22.962-22.974 mm 0.904-0.9045 in.
Tappet-to-Bore Clearance 0.03-0.05 mm 0.001-0.0025 in.
18909-66
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l_(:amshah

Tappet Clearance

Zero lash (hyd} tappets

End Ploy Zero (engine operation} 0.001-0.003 in.
earing Clearance 0.025-0.076 mm
earing Journal Diameter ‘
No. 1 51.54-51.56 mm 38732830 in:
No. 2 51.28-51.31 mm 2.009-2010 in.
No. 3 51.03-51.05 mm 1.999-2.000 in.
50.78-50.80 mm
No. 4 .
0.001 in. mox.
lase Circle Runout 0.03 mm max.
o Lift
-om Love 6.731 mm 0.265 in.
Intake : .
Exhaust 6.731 mm 0.265 in.
Valve Lift .
Intake 10,770 mm 0.424 |.n_
Exhaust 10.770 mm 0.424 in.
Intoke Valve Timing
Opens 12° BTDC
Closes 78" ABDC
Exhaust Valve Timing
Opens 56" 8BDC
Closes 34" ATDC
Valve Overlap 46"
Intake Duration 270
Exhaust Duration 270"
sonnecting Rods 657-665 grams 23.2-23.5 oz

Total Weight (Less Bearin s
Total Length &enter-to&gn er}

Piston Pin Bore Diameter i
Connecting Rod Bore (Less Bearings}
Bearing Clearance

Preferred
Side Clearance
Moximum Twist
Maximum Bend

155.52-155.62 mm
23.59-23.62 mm
6988.98.09rmm

0.044-0.050 mm
0.25-0.48 mm

0.001 mm per mm
0.001 mm per mm

65238 8298 in.
8398% %3985

0.0015-0.0020 in.

0.010-0.019 in.

0.001 in. per in.
0.001 in. per in.

Crankshafts

End Ploy
Main Bearing Journal Diameter
Main Bearing Journol Width
No. 1
No. 2
No. 3-4-5
Main Bearing Clearance
Preferred
Connecting Rod Journal Diameter
Connecting Rod Journal Width
Maximum Out-of-Round (All Jounals)
Maximum Toper (All Journals)

0.038-0.165 mm
63.489-63.502 mm

27.58-27.89 mm
32.28-32.33 mm
30.02-30.1 8 mm
0.03-0.06 mm
0.051 mm
53.17-53.23 mm
27.18-27.33
0.013 mm
0.013 mm

0.001 5-0.0065 in.
2.4996-2.5001 in.

1.086-1.098 in.
1.271-1.273 in.
1.182-1.188 in.
0.001-0.0025 in.
0.002 in.

2.0934-2.0955 in.

1.070-1.076 in.
0.0005 in.
0.0005 in.

18909-411
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Pistons
Weight (Less Pin)
Piston Pin Bore

Centerline-to-Piston Top
Piston-to-Bore Clearance

Piston Ring Gop Clearonce =

Compression (Both)

Piston Ring Gap Clearance —

Oil Control Steel Rails

Piston Ring Side Clearance

No. 1 Compression
No. 2 Compression

Oil Control

Piston Ring Groove Height
Compression (Both)
Oil Control

Piston Ring Groove Diameter

No. 1ond No. 2

Qil Control
Piston Pin Bore Diometer
Piston Pin Diometer
Piston-to-PinClearance

563-567 grams

40.67 mm
0.033-0.053 mm

0.25-0.51 mm
0.381-1.397 mm

0.0254-0.0813 mm
0.254.0.241 mm
0.254.0.2032 mm

2.019-2.045 mm
4.78-4.80 mm

87.78-87.90 mm
87.50-87.75 mm
23.624-23.655 mm
23.632-23.645 mm
0.010-0.015 mm

19.86-20.00 oz.

1.601 in.
0.0013-0.0021 in.

0.010-0.020 in.

0.015-0.055 in.

0.001-0.0032 in.
0.001-0.0032 in.
0.001-0.0085 in.

0.0795-0.0805 in.
0.188-0.1895 in.

3.456-3.461 in.
3.445-3.455 in.
0.9308-0.9313 in.
0.9304-0.9309 in.
0.0004-0.0006 in.

Preferred Loose 0.015 mm Loose 0.0006 .
Piston Pin-to-Connecting Rod 89 kN Press-it 2000 Ibs.-f Pressit
Valves

Valve length (Tip-to-Gauge Dim. Line)

Intake 124.435-125.070 mm 4.899-4.924 in.
Exhaust 125.120-125.755 mm 4.927-4.952 in.
Valve Stem Diameter 7.89-7.98 mm 0.311-0.312 in.
Stem-to-Guide Clearance 0.02-0.05 mm 0.001-0.003 in.
Intake Valve Head Diometer 48.38-48.6 mm 1.905-1.915 in.
Intake Valve Face Angle 45"
Exhaust Valve Head Diameter 37.97-38.6 mm 1.495-1.505 in.
Exhaust Valve Face Angle 45"
Maximum Allowable Removed for
Tip Refinishing 0.25 mm 0010 in.
Valve Springs Free Length 49.962 mm 1.967 in.

355.400 N @ 41.656 mm
890N @ 30.886 mm

Valve Spring Tension Closed
Valve Spring Tension Open

80-90 Ibs @ 1.640 in.
200 Ibs @ 1.216 in.

E3909 4 5:
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1990,2.5L ENGINE TORQUE SPECIFICATIONS

Note: The following information has been reprinted from the /990 Jeep Wrungler Service Manual.

Component

Torque

R e

A/C Bracket-to-Block/Head Bolts 40 N'm 30 ft-Ibs
A/C Compressor-to-Bracket Bolts 27 N'm 20 ft-lbs
Alternator Adjusting Bolt 27 N'm 20 ft-lbs
Alternator PivotBolt/Nut 38 N'm 28 ftlbs
Alternator Mounting Bracket-to-Engine Bolts 38 N'm 20 ft-lbs
Alternator Mounting-to-Head Bolts 45 N'm 33 ftlbs
Block Heater Nut 1.8 N'm 16 in-lbs
Camshaft Sprocket Bolt 108 N'm 80 ft-lbs
Connecting Rad Bolt Nuts 45 N'm 33 ft-lbs
Converter Plate Bolts 68 Nem +60° 50 ft-lbs + 60°
Crankshaft Main Bearing Bolts 108 N'm 80 ft-lbs
Crankshaft Pulley-to-DamperNut 27 Nem 20 ft-lbs
Crossmember-to-Sill = Front Bolts 88 N'm 65 ft-lbs

= Rear Nuts 41 N'm 30 ft-lbs
Cylinder Block Oil Galley Plugs 41 N'm 30 ft-lbs
Cylinder Head Bolts (#1-7 & #9-10) 149 N'm 110 ft-Ibs

(#8) 136 N'm 100 ft-lbs
Cylinder Head Cover Bolts 8 Nem 70 in-lbs
Drive Plate-to-TorqueConverter Bolts 54 N-m 40 ft-lbs
Engine Shock Damper Stud Nut 23 N'm 17 ft-lbs
Exhaust Manifold-to-Downpipe Nuts 31 Nm 23 ft-lbs
Flywheel Bolts 68 Nem +60° 50 ft-lbs +60°
Front Support Bracket-to-CylinderBlock 61 N'm 45 ft-lbs
Front Support Cushion-to-Mount{Thru Bolt) 65 N'm 48 ftbs
Front Support Cushion-to-Sill Bracket 40 N'm 30 ft-lbs
Fuel Pump Bolts 22 N'm 16 ft-lbs
Qil Pan Bolts = 1/4-20 9 N'm 7 ft-lbs

= 5/16-18 15 N'm 11 ft-lbs
Qil Pan Drain Plug 34 N'm 25 ft-lbs
Qil Pan-to-Timing Cose Cover Bolts 13 N-m 11 ft-lbs
Oil Pump Attaching Bolts (Short) 14 N'm 10 ft-Ibs
Oil Pump Attaching Bolts (Long) 23 N'm 17 ft-lbs
Qil Pump Cover Bolts 8 N'm 70 in-lbs
Power Steering Pump Pressure Hose Nut 52 N'm 38 ft-lbs
Rear Support Cushion-to-Brocket Bolts 43 N'm 32 ftlbs
Rocker Arm Assembly-to-Cylinder Head 26 N'm 19 ft-lbs
Spark Plugs 37 Nem 27 ft-lbs
Starting Motor-to-Cylinder Block Bolts 45 N'm 33 ft-lbs
Timing Case Cover-to-Block Bolts 7 N'm 62 in-lbs
Vibration Damper Bolt [Lubricated) 108 Nem 80 ftlbs
19009-5:




2.5L POWER TECH IN-LINE 4 (ENGINE ASSEMBLY) 97

1999,2.5L ENGINE SPECIFICATIONS

Note: The following information has been reprinted from the 1999 Jeep Wrangler Service Manual.

Engine Type ................. In-line 4-Cy]-in-d-er Main Bearing Journal
Bore and Stroke ...98.4x 81.0 mm (3.88x 3.19in.) WidthNo. 1 .............. 27.58 to 27.89 mm
Displacement . .............c..... 2.5L (150¢.i.) (1.086to 1.098in.)
CompressionRatio ...................... 9.1:1 Main Bearing Journal
Firing Order. ...ovvviennnnnnnnn... 1 — 342 WidthNo.2 .............. 32.28 to 32.33 mm
Lubrication . . . . vvvveevnnnn.... Pressure Feed-— (1.271to 1.2731in.)
Full Flow Filtration Main Bearing Journal
CoolingSystem . ... ..cvuuenn... Liquid Cooled— Width No. 3-4-5 ........... 30.02 to 30.18 mm
Forced Circulation (1.182to 1.1881n.)
Cylinder Block ........c.cvvninn... Cast Iron Main Bearing Clearance ....... 0.03 to 0.06 mm
Crankshaft ................. Cast Nodular Iron . . (0.001 to 0.0025 in.)
Cylinder Head. .....ccvvieevinnnn... Cast Iron Main Bearing Clearance (Preferred) ... 0.051 mm
Camshaft ............. ... ... ... ... Cast Iron (0.0021n.)
Pistons ...vvvvviiiininnnnns Aluminum Alloy Connecting Rod Journal
Combustion Chamber ............. Dual-Quench Diameter. ................ 53.17 to 53.23 mm
Connectingrods ............ Cast Malleable Iron (2.0934t0 2.0955 in.)
) e Connecting Rod Journal
Engine Specifications Width ..o, 27.18 t0 27.33 mm
(1.070 to 1.076 in.)
Camshaft Out-of-Round (Max. All Journals) ..... 0.013 mm
Hydraulic Tappet Clearance . ........ Zero Lash (0.0005 in.)
Bearing Clearance .......... 0.025 to 0.076 mm Taper (Max. —All Journals) ......... 0.013 mm
(0.001 to 0.003 in.) (0.0005 in.)
Bearing Journal Diameter Cylinder Block
No. 1..... 51.54t0 51.56 mm (2.029 to 2.030 in.) Deck Height ............ 236.73 mm (9.320in.)
No.2 ..... 51.28t0 51.31 mm (2019 to 2.020 1n) Deck Clearance .......... 0.000 mm (0.000 1n)
No. 3 ..... 51.03 to 51.05 mm (2009 to 2.010 IIl) Cylinder Bore Diameter —
No. 4 ..... 50.78 to 50.80 mm (1.999to 2.000 in.) Standard. ................ 98.45 to 98.48 mm
Base Circle Runout ........... 0.03 mm - max. (3.8759t0 3.8775in.)
(0.001 in. - max.) Cylinder Bore Diameter —
Camshaft Lobe Lift . Taper Max.) ............ 0.025 mm (0.001 in.)
Exhaust ................ 6.579 mm (0.259 in.) . .
. Cylinder Bore Diameter —
VI]I-ltak]f:.f; ................ 6.477 mm (0.255 1n.) Out-of-Round (Max. ) .. ...0.025mm (0'001 in.)
alve Li :
EXUSE « v eeeennnnns 10.528 mm (0.4145 in.) Tappet Bore Diameter .. . .. 23.000 to 23.025 mm
Intake 10.350 mm (0.4075 in.) (0.9935 to 0.9065 in.)
Intake ValveTlmlng """ : : m. Flatness ................ 0.03 mm per 25 mm
Opens ...vvvvvrrnnnrrnnnnnnnns 15.4" BTDC Fl (0.001in. per Tin.)
T 58" ABDC AINESS +eveeeneeeen 0.05 mm per 152 mm
(0.002 in. per 6 in.)
E)(()haust Valve Timing 5.8 BRDC Flatness Max. . ........ 0.20 mm for total length
PENS .. i it i e . 0.008 in. for total lencth
Closes ....oovvvnnniiiiininns 26.2" ATDC Main Bearing Bore Diam(eter ........ 68.35 1%1 tg
Valve Overlap ........................ 41.6" 68.3768 mm (2691 to 2.692 IIl)
Intake Duration ..................... 253.3"
Exhaust Duration ..................... 259."
Crankshaft
EndPlay ................... 0.038 to 0.165 mm
(0.0015to 0.0065 in.)
Main Bearing Journal
Diameter ............ ... 63.489 to 63.502 mm
(2.4996 to 2.5001 in.)
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Connecting Rods
Total Weight (Less Bearing) ... 657 to 665 grams
(23.17 to 23.45 0z.)
Length (Center-to-Center) . . 155.52 to 155.62 mm
(6.123t0 6.127 in.)
.. 23.59 to 23.62 mm
(0.9288t0 0.9298 in.)

Piston Pin Bore Diameter . .

Bore (Less Bearings) ........ 56.08 to 56.09 mm
(2.2080 to 2.2085 in.)
Bearing Clearance . ......... 0.025 to 0.076 mm

(0.001 to 0.003 in.)
Bearing Clearance (Preferred) . 0.044 to 0.050 mm
(0.0015to 0.0020 in.)

Side Clearance .............. 0.25 to 0.48 mm
(0.010to 0.019 in.)
Twist (Max.). .. .vvuiinnnnn. 0.001 mm per mm
(0.001 in. per inch)
Bend Max.) ............... 0.001 mm per mm

(0.001 in. per inch.)
Cylinder Compression Pressure

Ratio ..o 9.1:1
Pressure Range ............. 827 to 1,034kPa
(120to 150 psi)
Max. Variation Between Cylinders .. ... 206 kPa
(30 psi)

Cylinder Head
Combustion Chamber. .......... 49.9 to 52.9 cc
(3.04to 3.23 cu. in.)
Valve Guide I.D. (Integral) .. ... 7.95to0 7.97 mm
(0.313t0 0.314 in.)
Valve Stem-to-Guide Clearance ........ 0.025 to
0.076 mm (0.001 to 0.003 in.)
Intake Valve SeatAngle ................ 44.5"
Exhaust Valve SeatAngle .............. 44.5"
Valve Seat Width. ............ 1.01to 1.52 mm
(0.040 to 0.060 in.)
Valve Seat Runout ....... 0.064 mm (0.00251n.)
Flatness ................ 0.03 mm per 25 mm
(0.001 in. per 1in.)
Flatness ............... 0.05 mm per 152 mm
(0.002 in. per 6 in.)
Flatness Max. ......... 0.15 mm for total length

(0.006 in. for total length)
RockerArms, Push Rods & Tappets

RockerArmRatio ..................... 1.6:1
Push Rod Length ....... 241.300 to 241.808 mm

(9.500to 9.520in.)
Push Rod Diameter ........... 7.92 to 8.00 mm

(0.312t0 0.3151n.)

Hydraulic Tappet Diameter . 22.962 to 22.974 mm
(0.904 to 0.9045 in.)
.. 0.025 to 0.063 mm
(0.001to 0.00251in.)

Tappet-to-Bore Clearance . .

Valves
Length (Tip-to-Gauge Dimension Line)
Intake ............... 124.435 to 125.070 mm

(4.899t0 4.924 in.)
Length (Tip-to-Gauge Dimension Line)

Exhaust .............. 125.120to 125.755mm
(4.927t0 4.952 in.)

Valve Stem Diameter ........ 7.899 to 7.925 mm
(0.311t0 0.312 in.)

Stem-to-Guide Clearance. . ... 0.025to0 0.076 mm
(0.001 to 0.003 in.)

Valve Head Diameter—Intake ........ 48.387 to
48.641 mm (1.905 to 1.9151n.)

Valve Head Diameter —Exhaust . ...... 37.973 to
38.227 mm (1.495to 1.505in.)

Valve Face Angle—Intake ................ 45°
Valve Face Angle—Exhaust............... 45"
Tip Refinishing (Max. Allowable) ...... 0.25 mm
(0.010 in.)

Valve Springs
Free Length (Approx.) ..... 47.65 mm (1.876 in.)
Spring Tension—Valve Closed. ...316to 351 N @

41.656 mm (71to 79 Ibf. @ 1.64 in.)
Spring Tension—Valve Open. . . . 898.6 to 969.7 N
30.89 mm (202 to 218 Ibf @ 1.2161n.)

Inside Diameter ......... 21.0 mm to 21.51 mm
Pistons (0.827to 0.847 in.)
Weight (LessPin) ........... 417 to 429 grams

(14.7 to 15.102.)
Piston Pin Bore (Centerline to
Piston Top) ...40.61 to 40.72 mm (1.599 to 1.603
in.)
Piston-to-Bore Clearance .. ... 0.018 to 0.038 mm
(0.0008to 0.0015 in.)
Ring Gap Clearance —
Top CompressionRing ...... 0.229 to 0.610 mm
(0.0090 to 0.0240 in.)
Ring Gap Clearance—2nd Compression
Ring ... 0.483 to 0.965 mm (0.0190to 0.0380 in.)
Ring Gap Clearance—Oil Control Steel
Rails . .... 0.254 to 1.500 mm (0.010 to 0.060 in.)
Ring Side Clearance — Compression
Rings .. 0.042 to 0.084 mm (0.0017 to 0.0033 in.)
Ring Side Clearance—0Oil Control
Ring ..... 0.06 to 0.21 mm (0.0024 to 0.0083 in.)
Piston Ring Groove Height—Compression
Rings ... 1.530to 1.555mm (0.0602to 0.0612 in.)
Piston Ring Groove Height—Qil Control
Ring ...4.035to0 4.060 mm (0.1589 to 0.1598 in.)
Piston Ring Groove Diameter—No. 1 Compression
Ring ....... 88.39 to 88.65 mm (3.48 to 3.49 in.)
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Piston Ring Groove Diameter--No.2 Compression

Ring ....... 87.63to 87.88 mm (3.45to 3.46 in.)
Piston Ring Groove Diameter — Oil Control
Ring ....... 89.66 to 89.92 mm (3.53to 3.54in.)

Piston Pin Bore Diameter .. 23.650to 23.658 mm
(0.9312to0 0.9315in.)

Piston Pin Diameter ...... 23.637t0 23.640 mm
(0.9306t0 0.9307 in.)
Piston-to-Pin Clearance . ... 0.0102to 0.0208 mm

(0.0005to 0.0009 in.)
Piston-to-Pin Connecting Rod (Press Fit) . . 8.9 kN
(2000 1bf.)
Oil Pump
Gear-to-Body Clearance (Radial) ....... 0.051to
0.102 mm (0.002to 0.004 in.)
Gear-to-Body Clearance (Radial)
(Preferred) .o ovvvuennn.. 0.051 mm (0.002in.)
Gear End Clearance —
Plastigage . 0.051to 0.152 mm (0.002 to 0.006 in.)
Gear End Clearance — Plastigage
(Preferred) . . ..o v v nns 0.051mm (0.002in.)
Gear End Clearance—Feeler Gauge. ... 0.1016to
0.2032 mm (0.004to 0.008 in.)
Gear End Clearance — Feeler Gauge

(Preferred) .. ........... 0.1778 mm (0.007in.)
Oil Pressure

Min. Pressure (600 rpm) ...... 89.6 kPa (13 psi)
At Idle Speed (800 rpm) ........ 172 to 241 kPa

(25to0 35 psi)
At 1600 rpm & Higher ......... 255 to 517 kPa

(37 to 75 psi)
Oil Pressure Relief ........... 517 kPa (75 psi)
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1999, 2.5L ENGINE TORQUE SPECIFICATIONS

Note: The following information has been reprinted from the 1999 Jeep Wrangler Service Manual.

DESCRIPTION TORQUE DESCRIPTION TORQUE
A/C Compressor Bracket-to-Engine Main Bearing Cap
BOItS vvvviiieininnnennns 34 N'm (25R. Ibs.) BoltS vvviiiii e 108 N-m (80R. Ibs.)
A/C Compressor Oil Filter
Mounting Bolts ............ 27 N'm (20R. lbs.) AdaptorBolt ............. 102 N-m (75R. Ibs.)
Block Heater Connector +..uvvvevvnnnnnn 68 N-m (50 ft. 1bs.)
NUt vvviiiiinnnnnnnnnnns 1.8 N'm (16 in. lbs.) Filter. .ovvvvinnin.. 18 N-m (13 ft. lbs.)
Camshaft Sprocket Oil Galley
Bolt voviiiiiiiiieaen 108 N'm (80 R. Ibs.) Plug ... 41 N'-m (30R. 1bs.)
Clutch Cover to Flywheel Oil Pan
220 31 N'm (23R. lbs.) 1/4-20Bolts. .........u.n. 9.5N'm (84 in. 1bs.)
Connecting Rod Cap 5/16-18 Bolts ............ 15 N-m (132 in. 1bs.)
NUES +eeenerernnnennennn, 45 N'm (33 R.Ibs.) Drain Plug ............... 34 N'm (25R. 1lbs.)
Cylinder Block Oil Pressure Sending Unit
Drain Plugs ............... 41 N-m (30R. Ibs.) Sending Unit ............ 15 N'm (130 in. ]bs.)
Cylinder Head Oil Pump
Bolts #1-10 & #12—-14 ..... 149 N-m (110R. Ibs.) Short Attaching Bolts ...... 23 N'm (204 in. lbs.)
Bolt #11. ............... 135 N-m (100 ft, Ibs.) Long Attaching Bolts ...... 23 N'm (204 1in. Ibs.)
Cylinder Head Cover CoverBolts .......ovuvnan. 8 N'm (70 in. lbs.)
BOIS v oeeeeeeeeeennnnnns 13N-m (115in.1bs.)  Power Steering Pump Pressure Hose
Dipstick Tube Bracket to Cylinder Block Nut oo 52 N'm (38R. 1bs.)
BOlt vvveeiiiieeenns 19Nm (168in. Ibs.)  Rocker Arm Assembly to Cylinder Head
Distributor Hold-Down C]amp CapSCIeWs v v v e v e v ensnsnsn 28 N'm (21 R. 1bs.)
BOIt wvveeeeeeennnn. 23 N'm (204in. Ibs.)  Spark Plugs
Engine Mounts—Front Plugs .................... 37 N-m (27 ﬂ;. ].bs.)
Insulator Bracket Bolts . ..... 81 N'm (60 R.1bs.) Starter Motor
Insulator Bracket Nuts . ..... 47 N-m (35 ft. 1bs.) Mounting Bolts .. .......... 45 N'm (33 ft. lbs.)
Insulator Thru-Bolt ......... 81 N'm (60 R. 1bs.) Tensioner Bracket ot Cylinder Block
Engine Mounts —Rear Bolts «.vvvininiiint, 19 N-m (168 in. Ibs.)
Support Cushion/Crossmember Nuts . ...22 Nm Thermostat Housing
(192 in. 1bs.) Bolts. vvvvviiiiiiiianns 18 N-m (156 in. 1bs.)
Support Cushion/Bracket Nuts ......... 46 N'm Throttle Body
(34R. 1bs.) Bolts. . .viv ittt 10 N-m (90 in. 1bs.)
Transmission Support Bracket Bolts. ....43 N-m Vibration Damper
(32 1t. 1bs.) Bolt.. vvveviiiiinannnn. 108 N-m (80 R. lbs.)
Transmission Support Bracket/ Water Pump to Block
Cushion Bolt ............. 75 N'm (55 R. 1bs.) Bolts vovvvviiiiiiiiinnn 31 N'm (23 ft. 1bs.)
Transmission Support Adaptor
Bracket Bolts ............. 75 N'm (55R. Ibs.)
Exhaust Manifold/Pipe
NUtS wovveiiiiinnnnns 27 N-m (20 R. 1bs.)
Flywheel/Converter Housing
Bolts «ovvviiiiiiiiiian 38 N-m (28 R. Ibs.)
Flywheel to Crankshaft
Bolts . ..vvvvviiiannn 143 N'm (105 R. Ibs.)
Front Cover to Block
Bolts 1/4-20 . .............. 7 N'm (60 in. Ibs.)
Bolts 5/16—-18 ............ 22 N'm (192 in. Ibs.)
Generator
Adjusting Bolt. ............ 24 N'm (18 R 1bs.)
Pivot Bolt/Nut .. ...ovvunnn. 38 N'm (28 R. Ibs.)
Mounting Bracket-to-Engine Bolts ...... 38 N'm
(28 R. Ibs.)
Mounting/Head Bolts ....... 45 N'm (33 ft. Ibs.)
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Note: Due to the similarity of 2.46L and 2.5L Jeep engines, only those procedures specific to the 2.46L engine will be
covered in this chapter. All other 4-cylinder procedures, techniques and modification tips can be found in Chapter 2, 2.5L
Power Tech In-Line 4.

In addition to the information contained in this chapter and Chapter 2, much of the information contained in Chapter 4, 4.0L
Power Tech In-Line 6, is generic to all Jeep engines (including the 2.46L). Therefore, in addition to this chapter and Chapter
2, we highly recommend that all 2.46L engine owners read Chapter 4 in its entirety.

For additional 2.46L engine general service information, refer to the proper service manual.

T 71T 1
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Block

2.46L CYLINDER BLOCK (EXPLODED VIEW)

1

. Oil Level Gauge
(Dipstick) and Tube

. Ring Set

. Piston

. Pin Set

. Connecting Rod

. Plugs

. Cylinder Block

. Flywheel and Ring Gear
(W/Manual Transmission)
9. Pilot Bushing (With

Manual Transmission)
10. Bushing Oil Wick (With
Manual Transmission)

N

coONO TP W

11. Main Bearing Cap Seal
Kit (Rear)

12. Main Bearing Cap
(Rear)

13. Connecting Rod
Bearing

14. Connecting Rod
Bearing Cap

15. Gasket

16. Timing Case Cover

17. Seal

18. Vibration Damper

19. Vibration Damper Pulley

20. Washer

N

21. Main Bearing Caps

22. Main Bearings

23. Crankshaft Sprocket

24. Oil Shedder (Slinger)

25.Washer

26. Timing Chain

27. Camshaft Sprocket

28. Timing Chain
Tensioner

29. Keys

30. Crankshaft

31. Pin

32. Camshaft

33. Oil Channel Plug

840124
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Crankshaft

INTRODUCTION

The Jeep 2.46L (258 CID) engine uses a cast nodular iron
crankshaft that rotates within seven (7) main bearings and

has a standard bore and stroke of 3.750-3.753" x 3.895".
Crankshaft rotation is clockwise, when viewed from the

front of the engine.

The crankshaft has a main bearing journal diameter of
2.4986-2.5001", and main bearing journal widths of (No. 1)
1.086-1.098", (Nos. 2, 4, 5, 6, and 7) 1.182-1.188", and
(No. 3) 1.271-1.273".

The crankshaft has a connecting rod journal diameter of
2.0934-2.0955" and a connecting rod journal width of
1.073".

For more crankshaft specifications, refer to 2.46L Engine

Specifications, 'Engine Assembly' section of this chapter.

CRANKSHAFT MAIN BEARINGS

Removal

1. Remove the spark plugs.

Disconnect the battery cables.

2
3. Raise and support the vehicle.
4. Drain the engine oil.

5

Remove the oil pan. Refer to Q1 Pan Removal, 'Oiling
System' section of this chapter.

6. Remove the oil pump. Refer to Oil Pump Removal,
'Oiling System' section of this chapter.

7. Remove the first main bearing cap and lower insert.
8. Remove the lower bearing insert from the bearing cap.

9. Remove the upper bearing insert by loosening all of the
other bearing caps and inserting a small cotter pin tool
in the crankshaft journal oil hole.

10. Bend a cotter pin as illustrated in Figure 2-13 to
fabricate the tool.

Note: A tongue depressor may also be used to remove
the bearing insert.

11. With the cotter pin tool in place, rotate the crankshaft
So that the upper bearing insert will rotate in the
direction of its locking tab.

Note: Because there is no hole in the No. 3 main
journal, use a tongue depressor or similar soft-faced
tool to remove the bearing insert. After moving the
insert approximately 25 mm (1), it can be removed by
applying pressure under the tab.

12. Using the same procedure described above, remove (as
necessary) the remaining bearing inserts one at a time
for inspection.

Installation
1. Lubricate the bearing surface of the inserts with
engine oil.

2. Loosen all the main bearing caps. Install the main
bearing upper insert.

3. Install the main bearing cap and lower insert.

4. Tighten the bolts with 54 Nem (40 ft-1bs) torque. Then,
tighten with 95 Nem (70 ft-Ibs) torque. Finally, tighten
with 108 Nem (80 ft-1bs) torque.

5. Rotate the crankshaft after tightening each main
bearing cap to ensure that the crankshaft rotates freely.

Note: When installing a crankshaft kit (crankshaft
plus bearing inserts), measure each bearing-to-journal
clearance with Plastigauge to ensure a proper fit.

6. Install the oil pump with a replacement gasket. Refer
to Oil Pump Installation, 'Oiling System' section of
this chapter.

7. Install the oil pan with replacement seals and gaskets.

8. Tighten the drain plug securely. Refer to Qi1 Pan
Installation, 'Oiling System' section of this chapter.

9. Fill the oil pan with engine oil to the FULL MARK on
the dipstick.

CRANKSHAFT (FRONT) OIL SEAL
REPLACEMENT-COVER INSTALLED

1. Remove the drive belt(s) and fan shroud.

2. Remove the vibration damper with vibration damper
removal tool (Figure 2-2).

3. Remove the vibration damper and key.

4. Remove the crankshaft oil seal with timing cover oil
seal remover tool.

5. Position a replacement oil seal on timing case cover
alignment and seal installation tool with the seal lip
facing outward.

6. Apply a light film of Perfect Seal, or equivalent, on the
outside diameter of the seal.

7. Lightly coat the crankshaft oil seal contact surface with
engine oil.

8. Position the timing case cover alignment and seal
installation tool with seal over end of crankshaft
(Figure 2-22).
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9. [Install seal into timing chain cover by gently tapping
with rubber or plastic mallet.

10. Remove the timing case cover alignment and seal
installation tool.

11. Apply a light film of engine oil on the vibration
damper hub contact surface of the seal.

12. With the key inserted in the keyway on the crankshaft,
install the vibration damper, washer and bolt.

13. Lubricate and tighten the bolt with 108 Nem (80 ft-1bs)
torque.

Note: If the crankshaft turns before the damper bolt
tightening torque value is attained, the crankshaft can
be prevented from turning by placing two 5/16 x 1-1/2"
bolts into the damper pulley holes and wedging a bar
between them. Rotate the bar until it contacts the frame
member to prevent the crankshaft from turning.

14. Install the damper pulley. Tighten the bolts with 27
Nem (20 ft-1bs) torque.

15. Install the drive belt(s) and tighten to the specified tension.

REAR MAIN BEARING OIL SEAL

The crankshaft rear main bearing oil seal is a one piece,
single-lip seal that fits tightly between the cylinder block
and the crankshaft.

Note: When replacing the rear main bearing oil seal, the
transmission must be removed. Refer to your service
manual for installation procedures.

Removal

1. Remove the flywheel or torque converter drive plate.

2. Remove the seal from the crankshaft flange by prying
around the crankshaft flange.

Installation

1. Coat the inner lip of the replacement rear main bearing
seal with engine oil.

2. Carefully insert the seal into place and gently tap it
flush with the cylinder block with a rubber or
plastic mallet.

3. Install the torque converter drive plate or flywheel with
replacement bolts. Refer to the service manual for
removal and installation procedures.

4. Install the transmission. Refer to the service manual for
the procedure.

VIBRATION DAMPER

Removal

1. Remove the drive belt(s).

2. Remove the retaining bolts and separate the vibration
damper pulley from the vibration damper.

3. Remove the vibration damper retaining bolt and washer.

4. Use vibration damper removal tool to remove the
damper from the crankshaft (Figure 2-2).

Installation

1. With the key in position, align the key slot in the
vibration damper hub with the crankshaft key and tap
the damper onto the end of the crankshaft.

2. Install the vibration damper retaining bolt and washer.
Tighten the bolt with 108 Nem (80 ft-1bs) torque.

Note: If the crankshaft turns before the damper bolt
tightening torque value is attained, the crankshaft can
be prevented from turning by placing two 5/16 x 1-1/2"
bolts into the damper pulley holes and wedging a bar
between them. Rotate the bar until it contacts the frame
member to prevent the crankshaft from turning.

3. [Install the damper pulley and retaining bolts. Tighten
the bolts with 27 Nem (20 ft-Ibs) torque.

4. Installthe drive belt(s) and tighten to the specified tension.

TIMING CASE COVER

Removal

1. Remove the drive belt(s), engine fan and hub assembly,
fan shroud, vibration damper, pulley, and key.

2. Remove the oil pan-to-timing case cover screws and
cover-to-cylinder block bolts.

3. Remove the timing case cover, crankshaft oil seal, and
gasket from the cylinder block.

4. Cutoff'the oil pan side gasket end tabs flush with the front
face of the cylinderblock and remove the gasket tabs.

5. Clean the timing case cover, oil pan, and cylinder block
gasket surfaces.

6. Pry the crankshaft oil seal from the timing case cover
with a large pry tool.

Installation

1. Apply sealing compound (Perfect Seal, or equivalent)
to both sides of the replacement timing case cover
gasket and position the gasket on the cylinder block.



2.46L IN-LINE 4 (CRANKSHAFT) 107

10.

11
12.

13.

14.

15.

16.

17.
18.
19.

Cut the end tabs off of the replacement timing cover
gasket corresponding to those cut off the original gasket.

Coat the front seal end tab recesses generously with
RTV sealant (Mopar Gasket-in-a-Tube, or equivalent)
and position the seal on the timing case cover.

Apply engine oil to the seal-oil pan contact surface.
Position the timing cover on the cylinder block.

Place timing case cover alignment and seal installer
tool in the cover crankshaft opening.

Install the cover-to-cylinder block bolts and the oil
pan-to-cover screws.

Tighten the cover-to-cylinder block bolts with 7 Nem
(5 ft-1bs) torque and the oil pan-to-cover screws with
13Nem (11 ft-Ibs) torque.

Remove the cover alignment tool and position a
replacement oil seal on the tool with the seal lip
facing outward.

Apply a light film of Perfect Seal, or equivalent, on the
outside diameter of the seal.

Lightly coat the crankshaft with engine oil.

Position the timing case cover alignment and seal
installer tool with seal over the end of the crankshaft
(Figure 2-22). Insert draw screw tool (Figure 2-23).
Install seal into timing chain cover by gently tapping
with a rubber or plastic mallet.

Tighten the nut against the tool until the tool contacts
the cover (Figure 2-23).

Remove the tools and apply a light film of engine oil
on the vibration damper hub contact surface of the seal.

With the key inserted in the keyway on the crankshaft,
install the vibration damper, washer and bolt. Lubricate
and tighten the bolt with 108 Nom (80 ft-1bs) torque.

Note: If the crankshaft turns before the damper bolt
tightening torque value is attained, the crankshaft can
be prevented from turning by placing two 5/16x 1-1/2"
bolts into the damper pulley holes and wedging a bar
between them. Rotate the bar until it contacts the frame
member to prevent the crankshaft from turning.

Install the damper pulley. Tighten the bolts with 27
Nem (20 ft-1bs) torque.

Install the engine fan and hub assembly.
Install the fan shroud.

Install the drive beli(s) and tighten to the specified tension.

TIMING CHAIN

Removal

Note: The timing chain tensioner reduces noise and
prolongs timing chain life. In addition, it compensates for
slack in a worn or stretched chain and helps to maintain the
correct valve timing.

1.

Eal e

bt

7.
8.

Remove the fan and shroud.
Remove the drive belt(s).
Remove the crankshaft vibration damper and pulley.

Remove the timing case cover. Refer to Timing Case
Cover Removal, in this section, for the procedure.

Remove the crankshaft oil slinger.

Rotate the crankshaft until the zero degree (0°) timing
mark on the crankshaft sprocket is closest to and on the
centerline with the timing mark on the camshaft sprocket.

Remove the camshaft sprocket retaining bolt.

Remove the sprockets and chain as an assembly.

Installation

1.

Turn the tensioner lever to the unlocked (down)
position (Figure 2-25).

Pull the tensioner block toward the tensioner lever and
compress the spring. Hold the block and turn the
tensioner lever to the locked (up) position (Figure 2-25).

Install the camshaft sprocket, crankshaft sprocket and
timing chain with the timing marks aligned (Figure 2-26).

Note: To verify correct installation of timing chain,
turn the crankshaft to position the camshaft sprocket
timing mark at approximately the one o'clock position
(Figure 2-26). This positions the crankshaft sprocket
timing mark where the adjacent tooth meshes with the
chain at the three o'clock position. Count the number
of chain pins between the timing marks on both
sprockets. There must be 20 pins.

Tighten the camshaft sprocket bolt with 108 Nem
(80 ft-1bs) torque.

Release the timing chain tensioner lever.
Install the crankshaft oil slinger.

Install the timing case cover. Refer to Timing Case
Cover Installation, in this section, for the procedure.

Install the vibration damper on the crankshaft.

T I
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9.

10.
11.
12.
13.
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Lubricate and tighten the damper bolt with 108
(80 ft-1bs) torque.

Note: If the crankshaft turns before the damper bolt
tightening torque value is attained, the crankshaft can
be prevented from turning by placing two 5/16 x
bolts into the damper pulley holes and wedging a bar
between them. Rotate the bar until it contacts the frame
member to prevent the crankshaft from turning.

Install the vibration damper pulley.
Install the on the pulleys and tighten.
Install the fan and shroud.

Tighten the fan and hub assembly nuts with 24
(18 ft-1bs) torque.
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Connecting Rods

PISTON AND CONNECTING ROD ASSEMBLY

The 2.461 engine’s connecting rod journal diameter is
2.0934-2.0955% Connecting rod journal width is 1.073*.

For more connecting rod specifications, refer to 2.46L Engine
Specifications, ‘Engine Assembly’ section of this chapter.

Note: The following procedure is used to service the piston
and connecting rod assemblies with the engine installed in
the vehicle and the cylinder head already removed.

Removal

1. Remove the cylinder head cover. Refer to Cylinder
Head Cover Removal, ‘Cylinder Head’ section of
this chapter.

2. Remove the capscrews, bridge and pivot assemblies
and rocker arms.

Caution: Alternately loosen the capscrews one turn at
a time to avoid damaging the bridges.

3. Remove the pushrods.

Note: Retain bridge and pivot assemblies, rocker arms
and pushrods in the order removed to facilitate
installation at their original locations.

4. Remove the spark plugs.

5. Remove the intake manifold, gasket, exhaust manifold,
cylinder head and gasket. Refer to Cylinder Head
Removal, ‘Cylinder Head’ section of this chapter.

6. Position the connecting rods and pistons two at a time
near the bottom of the stroke and use a ridge reamer to
remove the ridge from the top end of the cylinder
walls. Use a protective cloth to collect the cuttings.

7. Drain the engine oil.

8. Remove the oil pan, gaskets and seals. Refer to Oil Pan
Removal, ‘Oiling System’ section of this chapter.

9. Remove the bolts, oil pump and gasket.

10. Remove the connecting rod bearing caps and bearing
inserts. Retain them in the same order as removed to
facilitate installation in their original locations. Refer
to Connecting Rod Bearings Removul, in this section,
for the procedure.

Note: The connecting rods and caps are stamped with
the corresponding cylinder number.

Caution: Ensure that the connecting rod bolts DO
NOT scratch the crankshaftjournals or cylinder walls.
Short pieces of rubber hose slipped over the connecting
rod bolts will provide protection during removal.

11

Remove the connecting rod and piston assemblies
through the top of the cylinder bores.

Installation

1.

10.

1.

12.

13.

14.
15.

Clean the cylinder bores thoroughly. Apply a light film of
clean engine oil to the bores with a clean, lint-free cloth.

Install the piston rings on the pistons, if removed.
Lubricate the pistons and rings with clean engine oil.

Caution: Ensure that the connecting rod bolts DO
NOT scratch the crankshaft journals or cylinder walls.
Short pieces of rubber hose slipped over the connecting
rod bolts will provide protection during installation.

Use a piston ring compressor to install the connecting
rod and piston assemblies from the top of the cylinder
bores. Ensure that the arrow on each piston top points
to the front of the engine (Figure 2-37).

Note: Verify that the oil squirt holes in the rods face
the camshaft and that the arrows on the pistons point to
the front of the engine.

Raise and support the vehicle.

Install the connecting rod bearing caps and inserts at
their original locations. Refer to Connecting Rod
Bearings Installation, in this section, for the procedure.

Install the oil pump with a replacement gasket. Refer
to Oil Pump Installation, ‘Oiling System’ section of
this chapter.

Install the oil pan with replacement seals and gaskets.

Tighten the drain plug securely. Refer to Oil Pan
Installation, ‘Oiling System’ section of this chapter.

Lower the vehicle.

Install a replacement gasket and the cylinder head.
Refer to Cylinder Heud Instullution, ‘Cylinder Head’
section of this chapter.

Install the exhaust manifold, a replacement gasket and
the intake manifold. Refer to the service manual for
installation procedures.

Tighten the mounting bolts to 31 Nem (23 ft-1bs)

torque using the torque sequence outlined in the
service manual.

Install the EGR tube assembly.

Install the pushrods, rocker arms, bridge and pivot
assemblies, and capscrews.

Caution: Alternately tighten the capscrews at each
bridge, one turn at a time, to avoid damaging the bridges.
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16.

17.
18.

Install the cylinder head cover. Refer to Cylinder
Head Cover Installation, ‘Cylinder Head’ section of
this chapter.

Install the spark plugs.

Fill the oil pan with engine oil to the FULL MARK on
the dipstick.

CONNECTING ROD BEARINGS

Removal

1. Drain the engine oil.

2. Remove the oil pan, seals and gaskets. Refer to Q1 Pan
Removal, ‘Oiling System’ section of this chapter.

3. Remove the bolts, oil pump and gasket. Refer to Oil
Pump Removal, ‘Oiling System’ section of this chapter.

4. Rotate the crankshaft as required to position two of the
connecting rods at a time at the bottom of the stroke.

5. Remove the connecting rod bearing caps. Remove the

lower bearing inserts. Remove the upper bearing inserts
by rotating/sliding them out of the connecting rods.

Note: DO NOT intermix the bearing caps. Each
connecting rod and its bearing cap are stamped with
the corresponding cylinder number on a machined
surface adjacent to the oil squirt hole that faces the
camshaft side of the cylinder block.

Installation

1.

Lubricate the bearing surface of each insert with clean
engine oil.

Caution: Use care when rotating the crankshaft with
the bearing caps removed. Ensure that the connecting
rod bolts DO NOT accidentally come into contact with
the crankshaft journals and scratch the surface. Bearing
failure would result. Short pieces of rubber hose
slipped over the connecting rod bolts will provide
protection during installation.

Install the connecting rods, bearing inserts and caps
around the journals and secure them with the retaining
nuts. Tighten with 45 Nem (33 ft-1bs) torque.

Install the oil pump with a replacement gasket. Refer
to Oil Pump Installation, ‘Oiling System’ section of
this chapter.

Install the oil pan with replacement gaskets and seals.
Tighten the drain plug securely. Refer to Oil Pan
Installation, ‘Oiling System’ section of this chapter.

Fill the crankcase with engine oil to the FULL MARK
on the dipstick.
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Pistons and Rings

Note: There is no piston or piston ring specific information for the 2.46L engine. All procedures and performance tips can
be found in the ‘Pistons and Rings’ section of Chapter 2. For piston and ring specifications, refer to 2.46L Engine
Specifications, ‘Engine Assembly’ section of this chapter.
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Cylinder Head

2.46L CYLINDER HEAD (EXPLODED VIEWS)

34. Oil Filler Cap

35. Ventilation Valve

36. Grommet

37. Cylinder Head
(Rocker) Cover

38. Bridge

39. Pivot

40. Rocker Am

41. Valve Spring

42. Oil Deflector

43. Cylinder Head
Bolt

44. Cylinder Head
Core Plug

45. Cylinder Head

46. Plug

47. Dowel Pin
48. Tappet
49. Snap Ring

50. Cylinder Head Stud

51. Push Rod
52. Retainer
53. Valve Locks

B6157A
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54. Intake Manifold Gasket
55. Exhaust Manifold

56. Heat Stove
57. Valve(s)

REMOVAL AND REPLACEMENT PROCEDURES

For cylinder head specifications, refer to 2.46L Engine
Specifications, ‘Engine Assembly’ section of this chapter.

Removal

1.

Disconnect the battery negative cable.

Warning! DO NOT remove the cylinder block drain plugs or
loosen the radiator draincock with the system hot and
pressurized because serious burns from the coolant can occur.

2.

Drain the coolant and disconnect the hoses at the
thermostat housing.

Note: DO NOT waste reusable coolant. If the solution
is clean and being drained only to service the engine or
cooling system, drain the coolant into a clean container
for reuse.

Remove the air cleaner.

Remove the cylinder head cover. Refer to Cylinder
Head CoverRemoval, in this section, for the procedure.

Remove the rocker arms and bridge and pivot
assemblies. Alternately loosen each capscrew one turn
at a time to avoid damaging the bridges.

Remove the pushrods.

Note: Retain the pushrods, bridges, pivots and rocker
arms in the same order as removed to facilitate
installation in the original locations.

10.

1.

12.

Disconnect the power steering pump bracket. Set the
pump and bracket aside. DO NOT disconnect the hoses.

Remove the intake and exhaust manifolds from the
cylinder head.

Remove the intake manifold gasket. Refer to the
service manual for the procedures.

Disconnect the ignition wire connectors and remove
the spark plugs.

Disconnect the temperature sending unit wire
connector and battery negative cable.

Remove the cylinder head bolts, cylinder head and gasket.

Cleaning and Inspection

1.

Thoroughly clean the machined surfaces on the
cylinder head and block. Remove all gasket material
and cement.

Remove any carbon deposits from the combustion
chambers and from the top of the pistons.

Use a straightedge and feeler gauge to check the flatness
of the cylinder head and block mating surfaces. For
tolerances, refer to 2.46L Engine Specifications,
‘Engine Assembly’ section of this chapter.
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Installation

1. If the cylinder head is to be replaced and the original
valves used, measure the valve stem diameter.

2. Only standard size valves can be used with a service
replacement cylinder head unless the replacement head
valve stem guide bores are reamed to accommodate
oversize valve stems.

Remove all carbon buildup and reface the valves.

4. Install the valves in the cylinder head with replacement
valve stem oil deflectors.

Caution: DO NOT install the temperature sending unit
until the system is filled with coolant. This permits trapped
air to escape from the cylinder block and head.

5. Transfer all the attached components from the original
cylinder head that are not included with the
replacement cylinder head.

Caution: DO NOT apply sealing compound on the
cylinder head and block gasket surfaces. DO NOT allow
sealing compound to enter the cylinder bore.

6. Apply an even coat of Perfect Seal sealing compound,
or equivalent, to both sides of the replacement cylinder
head gasket and position the gasket on the cylinder
block with the word TOP facing up.

7. Install the cylinder head. Tighten the bolts in the sequence
illustrated in Figure 3-1 with 115Nem (85 ft-lbs) torque.

Note: Coat the threads of the stud bolt in the No. 8
sequence position with Loctite 592 sealant (or
equivalent) and tighten with 02 Nem (75 ft-1bs) torque.

Note: The cylinder head gasket is made of aluminum-
coated embossed steel and does not require that the
cylinder head bolts be re-tightened.

8. Connect the battery negative cable.

9. Install the spark plugs and connect the ignition wire
connectors.

10. Install the intake and exhaust manifolds. Use the
correct tightening sequence. Refer to the service
manual for the procedures.

11, Install the alternator belt and adjust the tension.

12. Install the power steering bracket and pump, if
equipped. Adjust the belt tension.

13. Install the pushrods in their original locations.

14. Install the rocker arms and the bridge and pivot
assemblies at their original locations. Loosely install
the capscrews for each bridge and tighten alternately,
one turn at a time, to avoid damaging the bridge.

15. Tighten the capscrews with 26 Nem (19 ft-1bs) torque.

[6. Install the cylinder head cover. Refer to Cylinder Head
Cover Installation, in this section, for the procedure.

17. Connect the hoses to the thermostat housing and fill the
cooling system to the specified level.

18. Install the temperature sensor unit and connect the
wire connector.

19. Connect the fuel lines.

Warning! Use extreme caution when the engine is
operating. DO NOT stand in a direct line with the fan. DO
NOT put your hands near the pulleys, belts or fan. DONOT
wear loose clothing.

20. Operate the engine with the radiator cap off.

21. Inspect for leaks and continue operating the engine
until the thermostat opens. Add coolant, if required.

22. Install the air cleaner.

83126
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CYLINDER HEAD COVER

Crankcase Breather

A universal high performance re-usable crankcase
breather (must have stand pipe on valve cover). Washes
clean with P4529392 cleaning fluid for extra miles of

service.

P4529394 Crankcase breather.

L]

Removal

1. Remove the air cleaner and the PCV valve molded hose.

2. Disconnect the PCV valve from the grommet in the
cylinder head cover.

3. Disconnect the PCV shutoff valve vacuum hose.

4. Remove all the necessary vacuum and air hoses to
provide clearance for the cylinder head cover.

5. Remove the cylinder head cover retaining screws.

6. Detach the cover from the cylinder head by separating
the RTV sealant with a putty knife or razor blade.

7. DO NOT pry the cover upward until the seal has been
completely broken.

8. Pry the cover up at the pry ramps that are identified by
the words PRY HERE.

9. Inspect the cylinder head cover for cracks.

Installation

I.

10.
1.

Either a standard gasket or a room temperature
vulcanizing (RTV) silicone rubber sealant may be used
for cylinder head cover installation.

Use Mopar Gasket-in-a-Tube, or equivalent, for a
formed-in-place gasket.

Remove the original sealant (or gasket and adhesive) from
the sealing surface area of the cylinder head and cover.

Thoroughly clean the sealing surfaces on the cylinder
head and cover.

Apply a 3 mm (1/8") bead of RTV sealant along the
entire length of the cylinder head sealing surface.

Before the sealant begins to cure, position the cover on
the cylinder head.

DO NOT allow the sealant to come into contact with
the rocker arms or other valve assembly components.

Install the cylinder head cover retaining screws and
tighten the screws with 6.2 Nem (55 in-Ibs) torque.

Reposition and/or connect all the air and vacuum hoses
that were moved for cover removal clearance.

Connect the PCV valve and the PCV shutoff valve hose.

Install the air cleaner and hoses.
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Camshaft and Valve Gear

CAMSHAFT

The 2.461 engine uses a cast iron camshaft with intake and
exhaust cam lobe lifts of ,.254", and durations of (intake) 25%°,
(exhaust—Nationwide) 2597, and (exhaust—California) 289°,
Valve lengths are (for intake and exhaust) 4.7895-4.8045".

For more camshaft specifications, refer to 2.461; Engine
Specifications, 'Engine Assembly' section of this chapter.

Removal

Warning! The coolant in a recently operated engine is hot
and pressurized. Release the pressure before removing the
draincock, cap and drain plugs.

1. Drain the cooling system.

Note: DO NOT waste reusable coolant. Drain the
coolant into a clean container.

Remove the radiator.
Remove the drive belt(s).

Remove the distributor and ignition wires.

I S

Remove the cylinder head cover. Refer to Cylinder Head
Cover Removal, 'Cylinder Head' section of this chapter.

6. Remove the capscrews, bridge and pivot assemblies,
and rocker arms. Alternately loosen each capscrew one
turn at a time to avoid damaging the bridges.

7. Remove the pushrods.

Note: Position all components on a workbench in the
same order as removed to facilitate installation in the
original positions.

8. Remove the tappets using hydraulic valve tappet
remover. Refer to Hydraulic Valve Tappet Removal, in
this section, for the procedure.

9. Remove the pulley (if applicable), vibration damper
and timing case cover. Refer to Timing Case Cover
Removal, 'Crankshaft' section of this chapter.

10. Remove the crankshaft and oil slinger.
11. Remove the camshaft sprocket retaining bolt.

12. Rotate the crankshaft until the zero degree ((0°) timing
mark on the crankshaft sprocket is closest to and on the
centerline with the timing mark on the camshaft sprocket.

13. Remove the timing chain and sprockets as an assembly.

14. Remove the camshaft.

Installation

Note: The camshaft MUST be centerlined to ensure proper
installation. Refer to the 'Camshaft and Valve Gear' section
of Chapter 2 for complete details.

l. Lubricate the camshaft with Mopar Engine Oil
Supplement, or equivalent.

2. Install the camshaft carefully to prevent damaging the
camshaft bearings.

3. Turn the tensioner lever to the unlocked (down)
position (Figure 2-25).

4. Pull the tensioner block toward the tensioner lever to
compress the spring. Hold the block and turn the
tensioner lever to the locked (up) position (Figure 2-25).

5. Install the timing chain, crankshaft sprocket and
camshaft sprocket with the timing marks aligned
(Figure 2-26).

Note: To verify correct installation of the timing
chain, turn the crankshaft to position the camshaft
sprocket timing mark at approximately the one o'clock
position (Figure 2-26). This positions the crankshaft
sprocket timing mark where the adjacent tooth meshes
with the chain at the three o'clock position. Count the
number of chain pins between the timing marks on
both sprockets. There must be 20 pins.

6. Install the camshaft sprocket retaining bolt and tighten
with 108 Nem (80 ft-1bs) torque.

7. Install the crankshaft oil slinger.

8. Release the timing chain tensioner by turning the
tensioner lever to the unlocked (down) position.

9. Install the timing case cover and a replacement oil seal.
Refer to Timing Case Cover Installation, 'Crankshaft'
section of this chapter.

10. With the key inserted in the keyway on the crankshaft,
install the vibration damper, washer and bolt.

11. Lubricate and tighten the damper bolt with 108 Nem
(80 ft-1bs) torque.

Note: If the crankshaft turns before the damper bolt
tightening torque value is attained, the crankshaft can
be prevented from turning by placing two 5/16 x 1-1/2"
bolts into the damper pullet holes and wedging a bar
between them. Rotate the bar until it contacts the frame
member to prevent the crankshaft from turning.

12. Install the damper pulley.
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13,

14.

15.

16.

17.

19.

20.

3]

22.

23.

24,

. Install

Install the fan assembly and shroud.
Install the drivebelt(s) and tighten to the specified tension.

Install the distributor, distributor cap and ignition wires
by rotating engine No. | cylinder piston until it is at
Top Dead Center (TDC) in the compression stroke.

Using a flat blade screwdriver, rotate the oil pump gear
so that the gear slot on the oil pump shaft is slightly
past the three o’clock position (Figure 2-57).

With the distributor cap removed, install the distributor

with the rotor located at the five o’clock position
(Figure 2-58).

When the distributor is fully engaged in its correct
location, the rotor should be at the six o’clock position
(Figure 2-59).

Note: If the distributor is not installed correctly, or if
it is removed later, the complete installation procedure
must be repeated.

Install the tappets using hydraulic valve tappet installer.
Install the pushrods.

the rocker arms and bridge and pivot
assemblies. Tighten each of the two capscrews for each
bridge alternately one turn at a time to avoid damaging
the bridge.

Note: Lubricate the hydraulic valve tappets and all
valve actuating components with Mopar Engine Oil
Supplement (EOS), or equivalent, during installation.
The EOS must remain with the engine oil for at least
1,609 km (1,000 miles), but need not be drained until
the next scheduled oil change.

Install the cylinder head cover. Refer to Cylinder
Head Cover Installation, ‘Cylinder Head’ section of
this chapter.

Install the radiator. Connect the hoses and fill the
cooling system to the specified level.

Check the ignition timing and adjust as necessary.

1.

10.

Measuring Cam Lobe Lift

Remove the cylinder head cover. Refer to Cylinder
Head Cover Removul, ‘Cylinder Head’ section of
this chapter.

Remove the bridge and pivot assemblies and rocker
arms. Alternately loosen each capscrew, one turn at a
time, to avoid damaging the bridges. Disconnect the
spark plug wire connectors and remove the spark plugs.

Install a dial indicator with a piece of rubber tubing
between the dial indicator plunger and the pushrod.

Rotate the camshaft until the heel of the cam lobe
(pushrod in the down position) is under the valve
tappet. Set the dial indicator pointer at zero.

Rotate the crankshaft until the pushrod is at its
maximum upward position.

Note the travel distance on the dial indicator. Refer to
2.46L Engine Specifications, ‘Engine Assembly’
section of this chapter, for the correct cam lobe lift.

Repeat the procedure for each remaining cam lobe.

Install the rocker arms and bridge and pivot
assemblies. Alternately tighten the capscrews at
each bridge one turn at a time to avoid damaging
the bridges.

Install the spark plugs and connect the wire connectors.

Install the cylinder head cover. Refer to Cylinder
Head Cover Installation, ‘Cylinder Head’ section of
this chapter.

T
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VALVE SPRING AND OIL DEFLECTOR

Note: Each valve spring is held in place around the valve
stem by a retainer and a set of conical valve locks. The locks
can be removed only by compressing the valve spring.

Removal

1. Remove the cylinder head cover. Refer to Cylinder
Head Cover Reinoval, ‘Cylinder Head’ section of
this chapter.

2. Remove the capscrews, bridge and pivot assembly, and
rocker arms for access to each valve spring to be
removed. Alternately loosen each capscrew one turn at
a time to avoid damaging the bridge.

3. Remove the pushrods.

Note: Retain the pushrods, bridges, pivots and rocker
arms in the same order and position as removed.

4. Remove the spark plag(s) adjacent to the cylinder(s)
below the valve springs to be removed.

5. [Install a 14 mm (1/2"%) (thread size) air hose adapter in
to the spark plug hole.

Note: An adapter can be constructed by welding an air
hose connection to the body of a spark plug with the
porcelain removed.

6. Connect an air hose to the adapter and maintain at least
621 kPa (90 psi) of air pressure in the cylinder to hold
the valves against their seats.

Note: For vehicles equipped with an air conditioner, use
a flexible air adapter when servicing the No. | cylinder.

7. Use a valve spring compressor tool to compress the
spring and remove the locks.

8. Remove the valve spring and retainer.

9. Remove the valve stem oil deflector.

Installation

Caution: Install the deflector carefully to prevent damage
from the sharp edges of the valve spring lock groove.

1. Usean 11 mm (7/16") deep socket and small hammer
to gently tap the oil deflector onto the valve stem.

2. Install the valve spring and retainer.

3. Compress the valve spring with valve spring
compressor tool and insert the valve locks. Release the
spring tension and remove the tool.

Note: Tap the spring from side-to-side to ensure that
the spring is seated properly on the cylinder head.

4. Disconnect the air hose. Remove the adapter from the
spark plug hole and install the spark plug.

5. Repeat the procedure for each remaining valve spring
to be removed.

6. Install the pushrods. Ensure the bottom end of each
pushrod is centered in the plunger cap seat of the
hydraulic valve tappet.

7. [Install the rocker arms, pivots and bridge at their
original location.

8. Tighten the bridge capscrews alternately one turn at a
time to avoid damaging the bridge.

9. Install the cylinder head cover. Refer to Refer to
Cylinder Head Cover Installation, ‘Cylinder Head’
section of this chapter.

ROCKER ARM ASSEMBLY

Removal

1. Remove the cylinder head cover. Refer to Cylinder Head
Cover Removal, ‘Cylinder Head’ section of this chapter.

2. Remove the two capscrews at each bridge and pivot
assembly. Alternately loosen the capscrews one turn at
a time to avoid damaging the bridges.

3. Remove the bridges, pivots and corresponding pairs of
rocker arms and place them on the bench in the same
order as removed.

4. Remove the pushrods and place them on the bench in

the same order as removed.
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Cleaning and Inspection

L.

2. Inspect the pivot surface area of each rocker arm.
Replace any that are scuffed, pitted or excessively worn.

3. Inspect the valve stem tip contact surface of each rocker
arm and replace any rocker arm that is deeply pitted.

4. Inspect each pushrod end for excessive wear and
replace as required. If any pushrod is excessively worn
because of lack of oil, replace it and inspect the
corresponding hydraulic tappet for excessive wear.

5. A wear pattern along the length of the pushrod is not
normal. Inspect the cylinder head for obstruction if this
condition exists.

Installation

1. Install the pushrods in their original locations. Ensure
that the bottom of each pushrod is centered in the
tappet plunger cap seat.

2. Install the rocker arms, pivots and bridge above each
cylinder from where they were originally removed.

3. Loosely install the capscrews through each bridge.

4. At each bridge, tighten the capscrews alternately one
turn at a time to avoid damaging the bridge. Tighten
with 26 Nem (19 ft-1bs) torque.

5. Install the cylinder head cover. Refer to Cylinder

Clean all the components with cleaning solvent and use
compressed air to blow out the oil passages in the
rocker arms and pushrods.

Head Cover Installation, ‘Cylinder Head’ section of
this chapter.

HYDRAULIC VALVE TAPPETS (LIFTERS)

Removal

1. Remove the cylinder head cover. Refer to Cylinder Head
Cover Removal, ‘Cylinder Head’ section of this chapter.

2. Remove the bridge and pivot assemblies and rocker
arms by removing the two capscrews at each bridge.
Alternately loosen each capscrew one turn at a time to
avoid damaging the bridge.

3. Remove the pushrods.

Note: Retain all the components in the same order as
removed to facilitate installation in the original
position. Tappets must be re-installed on the same lobe
or they will wear out.

Remove the tappets through the pushrod openings in
the cylinder head with a hydraulic valve tappet
removal and installation tool.

Retain the tappets in the same order as removed to
facilitate installation in the original locations.

Note: It is not necessary to charge the tappet assemblies
with engine oil. They will charge themselves within a
very short period of engine operation.

Installation
1.

Coat each tappet assembly with Mopar Engine Oil
Supplement (EOS), or equivalent.

Use a hydraulic valve tappet removal and installation
tool to install each tappet in the same bore from where
it was originally removed.

Install the pushrods in their original locations.

Install the rocker arms and bridge and pivot assemblies
at their original locations. Loosely install the
capscrews at each bridge.

Tighten the capscrews alternately one turn at a time to
avoid damaging the bridges.

Pour the remaining EOS over the entire valve
actuating assembly.

Note: The EOS must remain with the engine oil for at
least 1,609 km (1,000 miles), but need not be drained
until the next scheduled oil change.

Install the cylinder head cover. Refer to Cylinder
Head Cover Installation, ‘Cylinder Head’ section of
this chapter.
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Oiling System

OIL PAN

Removal

1. Raise and support the vehicle at the side sills.
Drain the engine oil.

Remove the starter motor.

Remove the flywheel housing access cover.
Remove the oil pan screws.

Remove the oil pan by sliding it to the rear.

N e v A W

Clean the gasket and seal surfaces. Remove all sludge
and grime from the oil pan sump.

Installation

1. Install a replacement oil pan front seal on the timing
case cover and apply a generous amount of RTV
sealant (Mopar Gasket-in-a-Tube, or equivalent) to the
recesses in the tab ends.

Note: Either one of two sealing methods may be used.
An RTV sealant such as Mopar Gasket-in-a-Tube, or
equivalent, may be used instead of a gasket. If a gasket
is used, coat both sides with a quick drying adhesive
such as Mopar Spray-a-Gasket, or equivalent.

2. Coat the inside curved surface of the replacement oil
pan rear seal with soap. Apply a generous amount of
RTV sealant to the gasket contacting surface of the seal
end tabs.

3. Install the seal in the recess of the rear main bearing
cap. Ensure it is fully seated.

4. Cement the replacement oil pan side gaskets into
position on the cylinder block.

5. Apply a generous amount of RTV sealant to the end
tabs of the gaskets.

6. Apply engine oil to the oil pan contacting surface of
the front and rear oil pan seals.

7. Install the oil pan. Tighten the screws and the drain
plug securely.

Note: Tighten the 1/4-20 oil pan screws with 9 Nem
(7 ft-1bs) torque and tighten the 5/16-18 oil pan screws
with 15 Nem (11 ft-Ibs) torque.

8. Install the starter motor.
9. Install the flywheel housing access cover.
10. Raise the vehicle.

11. Remove all sill supports.

12. Lower the vehicle.

Warning! Use extreme caution when the engine is
operating. DO NOT stand in a direct line with the fan. DO
NOT put hands near the pulleys, belts or fan. DO NOT
wear loose clothing.

13. Fill the oil pan with engine oil to the specified level.
Start the engine and inspect for leaks.

OlL. PUMP

Note: A gear-type oil pump is located at the underside of
the cylinder block opposite the No. 3 main bearing.

Removal

Note: Oil pump removal and replacement will not affect
distributor ignition timing because the distributor drive gear
remains in mesh with the camshaft gear.

1. Drain the engine oil.

2. Remove the oil pan. Refer to Oil Pan Removal, in this
section, for the procedure.

Caution: DO NOT disturb the position of the oil inlet tube
and strainer assembly attached to the pump body. If the tube
is moved within the pump body, a replacement tube and
strainer assembly must be installed to assure an airtight seal.

3. Remove the oil pump retaining screws, oil pump
and gasket.

Installation

Note: To ensure self-priming of the oil pump, fill the pump
with petroleum jelly before installing the oil pump cover.
DO NOT use grease.

1. Apply abead of Loctite 5 15 sealant, or equivalent, and
install the pump cover. Tighten the cover screws with
8 Nem (70 in-1bs) torque.

Note: Rotate the gears to ensure that a binding condition
does not exist before installing the oil pump.

2. Install the oil pump with a replacement gasket. Tighten
the short screw with 14 Nem (10 ft-1bs) torque, and the
long screw with 23 Nem (17 ft-1bs) torque.

3. Install the oil pan with replacement gaskets and
seals. Refer to Oil Pan Installation, in this section,
for the procedure.

4. Fill the oil pan with replacement engine oil to the
specified level.
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Engine Assembly

Note: For engine assembly information, performance modifications and tips, refer to 'Engine Assembly' section of Chapter
4, 4.0L Power Tech In-Line 6.

2.46L. ENGINE GENERAL SPECIFICATIONS

Note: The following information has been reprinted from the 1983 Jeep Service Manual.

(USA) (METRIC) (USA) {METRIC)
inches Millimeters inches Millimeters
Uniless Unless Unless Unless
Otherwise Otherwise Otherwise Otherwise
Specified Specified Specified Specitied
TYPE « e In Line, OHV. 4-Cylinder Side Clearance.................... 0.010-0.019 0.25-0.48
Bore ... 3.876 98.45 Maximum Twist.. .................. 0.001 perin. 0.025 per
Stroke ..o 3.188 80.97 254 mm
Displacement ................unte. 150 cu. in. 246 liter Maximum Bend.................... 0.005 per in. 0.0127 pet
Compression Ratio. ................ 9.2:1 254 mm
Compression Pressure.............. 165-185 psi 1088-1276 kpa
Maximum Variation Between 30 osi y Crankshatt
Firci;r{“ngf;; """"""""""" pst 13.42 206 kpa ENdPlay covviiiiiiiiiiiiaaanaanns 0.0015-0.0065  0.038-0.165
9 GET- oo Main BearingJournal Diameter. . . . ... 2.4996-2.5001 83.489-83.502
Taxable Horsepower............... 24.04 bhp 179 kw . X X
Fuel Unleaded Main Bearing Journal Width
""""""""""""""" NO. 1o 1.086-1.098 27.58-27.89
No. 2. 1.271-1.273 32.28-32.33
Camshatt NO. 348, . o.oveeeeeeieeinn, 11821.188  30.02:30.18
Fuel Pump Eccentric Diameter. . . .. .. 1.615.1.625 41.02:41.28 Main Bearing Clearance.. ........... 0.001-0.0025 0.03-0.08
Tappet Clearance................ zero lash{hyd.) tappets (0.002 (0051
EndPlay........ccoooeviiinn.... zero (engine operation) Preferred) Preferred)
Bearing Clearance................. 0.001-0.003 0.025-0.076 Connecting Rod Journal Diameter. ... 2.0934.2.0955  53.17.53.23
Bearing Journal Diameter Connecting Rod Journal Width. ... .... 1.070.1.076  27.18.27.33
NO. e 20292 030 51545156 Maximum Out-of-Round
2019.2 020 512851 31 (Al Journals). ................... 0.0005 0.013
. 2009.2010 5103.51 05 Maximum Taper (all Journals). . ... ... 0.0005 0.013
No.4 ... 1.999-2.000 50.78-50.80
Base CircleRunout. . .. ........... 00601 max 003 max Cylinder Block
Cam LobeLift ................... 265 673 Deck Height. ...................... 9.337.9.343  237.15:237.31
Valve Lift.. R T TP TR TTPPE 424 to7 Deck CIEarance.. ....oveeenno. 0.020 0.508
Intake Valve liming : (belowdeck)  (below deck)
Opens.............coeenennn 21528 iTDC Cylinder Bore Diameter (standard)., .. 3.8751.3.8775  $8.42-98.48
Closes ... R MaximumTaper.................. 0.001 0.025
Exhaust Valve liming e B Maximum Out-of-Round. .......... 0.001 0025
OPeNS ..o w A lappet Bore Diameter............... 0.9C55-0.9065  23.000-23.028
ClOSeS ... DC Cylinder Block Flatness. ............. 001/1.0-002/8.0 0.03/26-0.05/152
Valve Overlap. ..................... 46°
Intake Durat|or1 ................. 270' i Head
Exhaust Duration.. . . ... ... .. 270
Combustion Chambervolume. ....... 49.9-52.9 cc
Connecting Rods Valve Arrangement................. E-I-1.E-E-I1I-E
. . Valve GuideiD (Integral). ............ 0.313-0.314 7.95.7.97
TotalWeight (lessbearings). . . .. . . .. §57:665 grams Valve Stem-to-Guide Clearance. . . .. .. 00014003 002007
Total Length(center-to-center). ...... 6.1236.127 186.52.155.62 Intake Valve Seat Angle.. . ... ... .. a4 %0
Piston P!n Bore Diameter. . . . .. e 0.9288-0.9298 23.59-23 62 Exhaust Valve Seat Angle............ a4 30
| Connecting Rod Bore (less bearings). . 2.2080.2.2085  56.08.%6.09 Valve Seat Width. ................... 0.0400.060  1.02:1.62
Bearing Clearance. ............... 0.001.0.003 0.03-0.08 Valve Seal RUNOUL. . « . v+ o oo 0.0025 0.064
(000150002 (0.044-05 Cylinder Head Fiatness. ............. 001/1.0-002/6.0 0.03/25-0.05/152
Preferred) Preferred)
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vy e S gewo
Uniess Uniess Othorwies Otherwise
Otherwise Otherwise
Specified Specified Specitied Speciied
Lubrication System Piston Ring Groove Dismeter
) . No. 1 NO,2.  ceiiiiiiiiaeens 3.456.3.481 87.78-87.90
Engine Qi Capacity. ............... 4 qte. 3.8 liters Ol CONIOL e 3.445.3.455 87.5087.75
ﬁ”e:":‘l;:nge ﬁ”e:"i‘;:nge Pirton Pin Bore Dismeter. . .......... 0.9308-0.8313 nggﬁ
. Piston Pin Diameter.. .............. 0930409300 23.632-
Normal Operating Prassure. ... 13pei at800 9.6 kpa at 600 Pistonic-Pin Clearsnca. ............ 0.00030.0005 0,008,013
rpm 37-75 ps! ¢pm 255.1-517.1 ‘ 0.0005  (Loose 0,013
{max.) at kpa (Mmax.) at Proferred) Puh";d)
1600+ rom 1600+ rbm Piston Pin-to-Connecting Rod 2000 1bet BN
. ) [ (max) 517.1 kps iston Pin necting Rod .. . ..... . :
Oil Pressure Relief.. ............... 75ps . m;. } Press-fit Pres it
X
Gear-to-Body Clearance (Radial). ..... 0.002-0.004 0.0510.102
(0.002Pret)  0.051 Prof) Racker Arma, Push Rlods snd Tappeta 8
Gear End Clearance, Plastigage. .. ... 0.002-0.008 0.051-0.182 Push Rod B, 0.640.0.080 244.856-245.364
. (0.002 Pret ) (0.051 Pret.} Push Rod Diagmeter 0.3120.315 7.928.00
" 00040008 o0101803mas | Push RodDiameter................
Gear EndClearance. Feeler Gauge. .. g‘w‘w?";”? °;3_}$:;mef) Hydraulic Tappet Dismeter. . ........ 090409045 2296222974
0007 Ref.) (0. : TappetioBore Clearance. .......... 000100025  0.030.06
Pisions v
Weight (less pin)................... 563-567 grams
. ) Vaive Lengih
P op, oo Centanine 1o PIston i esress 41944204 (Yip-to-Gauge Dim. Line). ... 48224837 Int. 12247122385
Plston-to-Bore Clearance............ 0.00000.0017  0.0230.043 4.837-4.852 Bxh. 122.85-123.24
(0.00120.0013  (0.030-0.033 Valve Stem Diameter. . ............. 311-312 7.80-7.98
Preferred) Preforied) Stem-to-Guide Clearance. ........... 001-.003 0.020.05
Pirton Ring Gap Clearance = inigks Veive Head Diameter.......... 1.905-1.915 49.38486
Compression (both)............... 0.010-0.020 0.250.51 Intakevaive Face Angle. ............ au*
Piston Ring Gap Clearance ™ Exhaust Valve Head Diameter,. .. .. .. 1.495-1.505 37.97.38.8
Oil ControlStesi Rails.. .......... 0.010-0.025 0.25-0.04 Exhaust Vaive FaceAngle... ... .. .. e
Piston Ring8ide Clearance Maximum Allowable Removed for
No. 1 Comprerrion.. ............. 0.00170.0032  0.043-0.081 Tip Refinishing.................. 0.010 0.25
(0.0017 Prof.)  (0.043 Prof.)
No. 2 Comprerrion.. ............. 0.00170.0032  0.043-0.081 Valve $prings
(0.0017 Prof.)  (0.043 Prof.) Frw Length....................... 1.82 46.22
Oit Control.. .....oovvviiinninnnn. 0.001-0.008 0.03-0.20 Spring Tension
{0,003 Prat)  (0.08 Pret) Valve Ciosed. .« verrerrenenn 66-74 ibs. 204329
Pirton Ring Groove Height at 1.62% at41.28
Compresuion (both)............... 0.07950.0805  2.0192.045 ValveOpen. ..................... 205-220 Ibr. 912-979
Ot Control..........c.coeieint. 0.188-0.1895 4.76-4.80 at 1.200 at 30.48
tnaide Dismeter. . .................. 0.948-0.968 24.08-24.5
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2.46L ENGINE GENERAL TORQUE SPECIFICATIONS

Note: The following information has been reprinted from the 1983Jeep Service Manual.

Component

Service Set-To Torque

Service Recheck Torque

Alternator Pivot Bolt or Nut

Alternator Adjustment Bolt

Alternator Mounting Bracket-to-
Cylinder Block Bolt

Alternator Mounting Bracket-to-
Cylinder Head Bolt

Block Heater Nut

Camshaft Sprocket Screw
Carburetor Hold-Down Nuts
Coil Bracket-to-Body Screws
Connecting Rod Bolt Nuts
Cylinder Head Capscrews
Cylinder Head Cover Nuts
Crankshaft Pulley-to-Damper
Clutch Housing-to-Block Screws
Clutch Housing Cover Screws

Differential Housing-to-Left
Engine Mount Bolt

Dipstick Tube Bracket Bolt-to-
Cylinder Block

Distributor Clamp BracketScrew
Drive Plate-to-Converter Screw
EGR Valve Tube Nuts

EGR Valve Bolts

Exhaust Manifold Bolts
Exhaust Pipe-to-Manifold Bolts
Fan and Hub Assembly Bolts
Flywheel-to-Crankshaft Bolts
Front Crossmember-to-Sill Bolts

Front Support Bracket-to-
Cylinder Block Bolts

Front Support Cushion-to-
Bracket Bolts

Front Support Cushion-to-
Crossmember Bolts

38 N'm (28 ft-Ibs)
24 N'm (18 ft-Ibs)

38 N'm (28 ft-Ibs)

45 N'm (33 ft-Ibs)
1.8 N'm (16 in-lbs)
68 N-m (50 ft-Ibs)
19N'm (14 ft-lbs)
9.6 N'm (85 in-Ibs)
45 N'm (33 ft-lbs)
115 N-m (85 ft-Ibs)
6.2 N'm (70 in-Ibs)
27 N'm (20 ft-lbs)
75 N-m (55 ft-Ibs)
29 N'm (21 ft-Ibs)

54 N‘m (40 ft-Ibs)

19N‘m
18 N'm
30 N'm
41 N'm
18 N-m
31 N'm

14 ft-lbs)
13 ft-Ibs)
22 ft-Ibs)
30 ft-lbs)
13 ft-lbs)
23 ft-lbs)
23 N'm (17 ft-Ibs)
24 N-m (18 ft-lbs)
68N-m (50ft-Ibs) Plus 60"
88 N-m (65 ft-Ibs)

—_~ o~

AN AN SN N S

60 N-m (45 ft-Ibs)
45 N-m (33 ft-Ibs)

50 N-m (37 ft-lbs)

27-47 N'm (20-35 ft-lbs)
20-27 N'm (15-20 ft-Ibs)

31-41 N'm (23-30 ft-Ibs)

41-47 N'm (30-35 ft-Ibs)
1.52.1 N'm (14-19 in-lbs)
61-75 N-m (45-55 ft-Ibs)
16-27 N'm (12-20 ft-lbs)
6.7-10.1 N‘m (60-90 in-Ibs)
41-47 N'm (30-35 ft-Ibs)
108-122 N-m (80-90 ft-Ibs)
5-8.5 N'm (45-75 in-Ibs)
20-34 N-m (15-25 ft-Ibs)
65-84 N'm (48-62 ft-Ibs)
22-35 N'm (16-26 ft-Ibs)

47-68 N'm (35-50 ft-lbs)

13-24 N‘m (10-18 ft-Ibs)
14-27 N'm (10-20 ft-Ibs)
27-34 N'm (20-25 ft-Ibs)
34-47 N-m (25-35 ft-lbs)
12-24 N-m (9-18 ft-Ibs)

24-38 N-m (18-28 ft-Ibs)
20-25 N'm (15-19 ft-lbs)
16-34 N-m (12-25 ft-Ibs)

75 N'm (55 ft-lbs) min
54-68 N-m (40-50 ft-Ibs)
36-52 N-m (27-38 ft-Ibs)

41-61 N-m (30-45 ft-Ibs)
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Component

Service Set-To Torque

Service Recheck Torque

Fuel Pump Screws
Idler Arm Bracket-to-Sill Bolts

Idler Pulley Bracket-to-Front
Cover Nut

Idler Pulley Bearing Shaft-to-
Bracket Nut

Intake Manifold Coolant Fittings
Intake Manifold Heater Screws
Intake Manifold Screws

Main Bearing Capscrews

Oil Filter Adapter

Oil Level Sensor in Oil Pan

Oil Pan Drain Plug

Oil Pan Screws — 1/4in — 20
Oil Pan Screws — 5/16 in — 18
Oil Pump Cover Screws

Oil Pump Attaching Screws
(Short)

Oil Pump Attaching Screws
(Long)

Oxygen Sensor

Power Steering Pump Adapter
Screw

Power Steering Pump Bracket
Screw

Power Steering Pump Mounting
Screw

Power Steering Pump Pressure
Hose Nut

Power Steering Pump Pulley Nut

Rear Crossmember-to-Side Sill
Nut

Rear Support Bracket-to-
Transmission Bolts

Rear Support Cushion-to-Bracket
Bolts

22 N'm (16 ft-Ibs)
68 N'm (50 ft-Ibs)

9 N-rn (7 ft-lbs)

45 N'm (33 ft-Ibs)
27 N'm (20 ft-Ibs)
9 N'rn (7 ft-lbs)
31 N'm (23 ft-Ibs)
108 N'-m (80 ft-lbs)
65 N'm (48 ft-lbs)
33 N'm (25 ft-Ibs)
34 N'm (25 ft-lbs)
9 N'm (7 ft-Ibs)
15N-m (11 ft-Ibs)
8 N'm (70 in-Ibs)

14N'm (10 ft-Ibs)

23 N'm (17 ft-Ibs)
48 N'm (35 ft-Ibs)

31 N'm (23 ft-Ibs)
58 N-m (43 ft-Ibs)
38 Nm (28 ft-Ibs)

52 N‘m (38 ft-Ibs)
79 N'm (58 ft-lbs)

41 Nem (30 ft-Ibs)
45 N'm (33 ft-Ibs)

41 Nem (30 ft-Ibs)

18-26 N-m (13-19 ft-Ibs)
47-81 N'm (35-60 ft-Ibs)

5-12 N'm (4-9 ft-Ibs)

38-52 N-m (28-38 ft-Ibs)
20-34 N'm (15-25 ft-Ibs)
7-12N'm (5-9 ft-Ibs)
24-38 N'm (18-28 ft-Ibs)
95-115N-m (70-85 ft-Ibs)
57-75N-m (42-55 ft-Ibs)
27-40 N'm (20-30 ft-Ibs)
27-41 N'm (20-30 ft-Ibs)
7-15 N'm (5-11 ft-lbs)
12-20N-m (9-15 ft-Ibs)
7-11 N'm (60-100 in-Ibs)

11-18 N-m (8-13 ft-Ibs)

16-27 N-m (12-20 ft-Ibs)
43-52 N'm (32-38 ft-Ibs)

24-38 N-m (18-28 ft-Ibs)
50-64 N-m (37-47 ft-lbs)
34-47 N'm (25-35 ft-Ibs)

41-61 N'm (30-45 ft-lbs)
54-88 N'm (40-65 ft-Ibs)

27-47 N-m (20-35 ft-Ibs)
37-52 N-m (27-38 ft-Ibs)

34-46 N'm (25-35 ft-Ibs)
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Component

Service Set-To Torque

Service Recheck Torque

Rear Support Cushion-to-
Crossmember Bolts

Rocker Arm Assembly-to-
Cylinder Head Bolts

Spark Plug

Starter Motor-to-Cylinder Block
Bolts

Tensioner Bracket-to-Cylinder
Block Bolt

Timing Case Cover-to-Block
Screws

Timing Case Cover-to-Block
Studs

Torque Converter Drive Plate-to-
Crankshaft Bolts

Thermostat Housing Bolt

Vibration Damper Bolt
(Lubricated)

Water Pump Bolt

24 N'm (18 ft-Ibs)

26 N'm (19 ft-lbs)
37 N'm (27 ft-lbs)

45 N'm (33 ft-Ibs)
19 N-m (14 ft-Ibs)
7 N'm (5 ft-Ibs)

22 Nm (16 ft-Ibs)

54 N'm (40 ft-lbs) Plus 60

18 N'm (13 ft-Ibs)

108 N-m (80 ft-Ibs)
18 N'm (13 ft-Ibs)

16-34 N-m (12-25 ft-Ibs)

22-35 N'm (16-26 ft-Ibs)
30-45 N-m (22-33 ft-Ibs)

38-51 N-m (28-38 ft-Ibs)
13-20N-m (10-18 ft-Ibs)
5-12 Nem (4-9 ft-lbs)

18-26 N-m (13-19 ft-Ibs)

14-24 N-m (10-18 ft-lbs)

95-135 N'm (70-100 ft-Ibs)
13-24 Nem (10-18 ft-Ibs)

~1 T
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Note: The following procedures for the 4.0L Power Tech In-Line 6 engine are intended to be performed in-vehicle, on a
dynamometer or as an individual change/modification. For out-of-vehicle servicing (engine stand generally), disassembly and
assembly of the engine as a whole, refer to the ‘Engine Assembly”’ section of this chapter. For additional 4.0L engine general

service information, refer to the proper service manual.

Introduction

This chapter has been prepared as a guide for the customer
who wants added performance or reliability from his 4.0L
Power Tech In-Line 6 engine. Included are tips covering
several different types of racing. The procedures outlined
in this chapter represent those that have been tested by
DaimlerChrysler Engineering (working both at the race
track and on the dynamometer) as part of its continuing
performance development program. This development
program serves as the foundation for the Mopar
Performance Parts program

The chapter gives specific detail regarding each major
component of the 4.0L engine, as well as detailing
recommended engine assembly and performance
modification procedures. It is recommended that you read
this chapter in its entirety before you begin your six
cylinder engine project. Also, much of the information
included in this chapter is generic to all racing engines, so
the owners of other DaimlerChrysler engines are
encouraged to read this entire chapter. It is also
recommended that you obtain the proper service manual for
your engine so that you will have complete service
information on hand when you begin your project. Good
luck—and have fun!
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Block

INTRODUCTION

The Jeep 4.0L Power Tech engine is a cast iron, In-Line 6
cylinder design. The cylinder block is drilled forming
galleys for both oil and coolant. It has a standard bore and
stroke of 98.4 x 87.4 mm (3.88 x 3.44”).

The 4.0L has a liquid cooled, forced circulation cooling
system with a capacity of 11.4L. (12 quarts).

The cylinders are numbered 1 through 6 from front to rear.
The firing order is 1-5-3-6-2-4 (Figure 4-1).

The crankshaft rotation is clockwise, when viewed from the
front of the engine. The crankshaft rotates within seven
main bearings. The camshaft rotates within four bearings.

For more information, refer to 4.0L Engine Specifications,
‘Engine Assembly’ section of this chapter.

)
oYoNo¥o¥oXo

FIRING ORDER:
1,.5.3.62 4

CLOCKWISE R pz
ROTATION {® @
XQOX e

Figure 4- 1

Enéine Block Hardware Packageﬁ

Includes cam bearings, various freeze/core plugs and
locating pins. For use when block is tanked/stress relieved
and machined. For 1987-894.0L engines only.

P4529673 Engine block hardware package.

Engine Teardown Gasket Set

Designed for bearing check, bore check, or cylinder head
modifications/teardown only. Gaskets include: cylinder
head, oil pan, intake/exhaust manifold and front cover
gaskets. For 4.0L engine only.

P4529245 Engine teardown gasket set.

Flywheel Attaching Package

Bolts; required to attach flywheel and clutch to new engine
assembly. Includes 6 flywheel bolts, 6 clutch bolts, and a
pilot bearing.

P4529247 Flywheel attaching package.

Torque Converter Drive Plate

The torque converter drive plate connects the crankshaft
to the torque converter and also carries the starter ring
gear. For 4.0L engine only. Not SFI approved.

P4529248 Torque converter drive plate.

Drive Plate Attaching Package

Bolts required to attach torque converter drive plate to the
crankshaft and to attach the torque converter to the drive
plate. Includes 6 flywheel bolts and 4 torque converter bolts.

P4529249 Drive plate attaching package.

Build Date Code

The engine Build Date Code is located on the machined
surface on the right side of the cylinder block between the
No. 2 and No. 3 cylinders (Figure 4-2).

The digits of the code identify:
1. Istdigit—the year (e.g., 4 = 1994).
2. 2nd and 3rd digits—the month (01-12).

3. 4th and 5th digits—the engine type/fuel
system/compression ratio (MX = a 4.0L 8.7:1
compression ratio engine with multi-point fuel
injection system).

4. 6th and 7th digits—the day of the month of engine
build (01-31).

Example: Code “401MX12” identifies a 4.0L engine with
a multi-point fuel injection system, 8.7: 1 compression ratio,
built on January 12, 1994.
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FIRING Oeni
153 6 2 4

CLOCKWISE
ROTATION

J9o8D-7

Figure 4 - 2
Oversize and Undersize Component Codes

Some engines may be built with oversize or undersize
components such as:

e Oversize cylinder bores

e Oversize camshaft bearing bores

e Undersize crankshaft main bearing journals
e Undersize connecting rod journals

These engines are identified by a letter code (Figure 4-3)
stamped on a boss between the ignition coil and the distributor.

NO. 3 ND. 2
CYLINDER CYLINDER

MACHINED
SURFACE

Figure 4-3

Block Hardness

With any cast iron block, there is a relationship between
hardness and strength. The harder it is, the strongerit is. The
assumption is that a stronger block can make more power.
However, if the basic design of the block is weak, then it
will break frequently. Standard production blocks are not
designed as strongly as “race” blocks. So if you double or
triple the power output of a standard production engine with
high performance parts, you will have problems.

We know that hard blocks don’t break and soft ones do.
Racers therefore want hard blocks. If you add a strong
design to a hard material, you will have a race block. This
means that the block will last longer and make more power
for longer periods of time. Chrysler-Plymouth-Dodge-Jeep
has always used a high nickel material in its cast iron
blocks. This makes them harder.

Rough Bored Blocks

Rough bored blocks have the cylinder bores roughed-in but
not finished—the surface finish on the bore is rough but
machined. That means that each cylinder must be
bored-to-size and then honed. The bore-to-size operation is
referred to as the finish bore. As an engine builder, you
must leave enough material on the finish bore operation to
allow for the finish hone to size the bore correctly.

The advantage of rough bored blocks is you have a greater
selection of bore sizes available to you. Most race engine
builders DO NOT want a production hone, so why pay
extra for it if you are going to change the bore size? By
omitting the finish bore and honing operations, the block
can be purchased for less money.

CYLINDER BLOCK PREPARATION

The first step in preparing the block for all-out racing is to
stress-relieve it (typically not required for new race blocks
or many used blocks). For more details, refer to Stress-
Relieving, in this section.

After the block has been stress-relieved, new camshaft
bearings and core plugs should be installed. The old main cap
bolts should be thrown away. The block should be re-honed
and the deck flatness checked. A light cut should be taken if
it is not perfectly flat. The main bearing bores will also have
to be checked and align-bored or align-honed if out of
alignment. New camshaft bearings will also be required.

Block-to-Head Distortion

(Refer to Head Distortion, ‘Cylinder Head’ section of
this chapter.)
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Stress-Relieving

Note: The following is not required for thermally-cycled,
used engine blocks, except for align boring and honing,
which may be required on any new or used engine.

The first step in obtaining straight and round bores is to
select a stress-relieved block. Only 426 Hemi engine blocks
were stress-relieved in production. However, a block will
stress-relieve itself with use; that is, a used block has
already been stress-relieved (thermal cycles are the key).

Heating up and cooling down is the ideal cycle—again and
again and again, which means that an engine block used in
an around-town commuter vehicle is better than a block
used in a long-haul truck or police car, which is
infrequently shut off.

Blocks will also stress-relieve themselves in racing
applications. A block can be built into a race engine and run
several hundred times. It can then be rebuilt into a better
engine because the bores will be straighter and will move less
with use. The straighter the cylinder bore, the more power the
engine will make. Once you’ve got a good one, keep it.

Once the engine is disassembled, the first step in preparing
the block is to remove the main bearings caps, clean all
joining faces, reassemble and torque to specifications. The
stress-relieving process consists of heating the block and
main caps to 1050°F and holding at that temperature for
two hours. It should then be furnace cooled to S00°F at a
cooling rate not to exceed 200°/hr. The block can then be
air cooled to normal air temperature.

After the block has been stress-relieved by the ‘oven’
method (not by thermal cycling), new camshaft bearings
and core plugs should be installed. The old main cap bolts
should be thrown away. The block should be re-honed and
the deck flatness checked and a light cut taken if it is not
flat. The main bearing bores will also have to be checked
and align-bored or honed if out of alignment. New camshaft
bearings will also be required.

Sonic Testing

If the block is to be used in serious racing applications, it
should be “Magna-checked” (sonic tested). With this
process, the thickness of the cylinder bore walls can be
checked nondestructively. This will indicate how good your
particular block is, or it will allow you to select the best
block of several available, if you have the option. It is
highly recommended that you have more than one block
tested so you don’t invest your time in a weak or “flexi-
block.”

If you only have one block, the bore-wall thickness check
really only serves as base information and a general
performance indicator. Write this measurement down and
keep it in your engine build-up file.

However, if you have several blocks to choose from, the
best engine will be the block with the least amount of core
shift (bores with the same thickness all the way around), or
the block with the core shift in the “major thrust” direction.
The major thrust direction is to the passenger side of the
cylinder bore as the block is installed in the vehicle.

Core Shift

It seems as though every racer you talk to uses the term
“core shift.” It’s used so frequently it seems to be the cause
of every engine problem in racing! Obviously, this isn’t
correct. Without making it too complicated, let’s look into
this subject a little closer.

First of all, to discuss core shift we must have a casting. It
can be of any material (aluminum, iron), but it has to be a
casting. Second, the casting must have a “core” in it. In an
over-simplified explanation, a “core” is used to cast an
internal passage in a casting. This internal passage could be
a water jacket in a head or block, or an intake runner in a
manifold. Not all castings use cores. Core shift is most
often discussed relative to cylinder blocks, so we’ll
concentrate on them. On any given part, there may be more
than one core. This varies from one manufacturer to
another. Cores are generally made of sand. The sand is held
together with a bonding agent.

The cylinder block is the largest casting that we make. The
main core in the block is the water jacket. In this case, core
shift would occur if the water jacket core moved relative to
the main tooling. Since the water jacket core is set inside
the main tooling, it is possible for this core to be shifted in
position. In most cases, this shift is caused when the molten
metal hits the core and moves or offsets/deflects it.

The core could move up or down, fore or aft, but the
important direction is left or right. Left or right shifts move
the core in the major or minor thrust direction. This makes
the cylinder bore either thick or thin on the major thrust
side. Having the core shifted so that the major thrust side is
somewhat thicker is superior to being perfectly round.
Consequently, having the major thrust side too thin is NOT
desired. To find out if this has occurred, the block must be
sonic tested.

Most of the confusion relating to core shift occurs because
racers try to find a “quick” way to determine if a block has
core shift without sonic testing! Remember that not all core
shift is bad. Looking at the front or rear of the block will not
tell you if the block has core shift because you’re not
looking at the water jacket. The only way to see the water
jacket is too look down the holes in the top of the block.
These holes are quite small and don’t allow you to visually
judge for core shift.

So that brings us back at sonic testing. Sonic testing
measures the thickness of the cylinder bore in the major and
minor thrust directions. Technically speaking, all the bores
should have the material shifted in the same direction.
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Surfacing (“Decking”)

Perhaps this topic would be more properly labeled
“resurfacing” because the block already has a deck surface.
Sometimes this operation is called “decking” the block. In
either case, the top surface of the block, called the deck, is
milled. This operation decreases the block’s height.

Why would you “deck” (surface) the block? One possibility
is to increase the compression ratio. Another is to take
weight out of the block/engine assembly. Most engine
builders DO NOT feel the production machining to be
acceptable in the area of flatness. The engine builder may
want to remove the production tolerance of the decks.
Usually a race machine shop will machine the stock deck of
anew block .020" to ,040” They will take very light cuts to
gain the desired specifications. If it is a used engine that has
seen a lot of heat, they may have to increase these numbers
to get it flatenough. In decking the block, the machine shop
must be very careful that it does not make the resulting deck
surface too smooth or the cylinder head gasket will not seal.

Let’s look at an example. The 4.0L engine has a block
height of 9.45”. A race engine builder may machine 0.020"
off the deck surface to gain flatness, which gives a final
block height of 9.43”.Never make calculations based on
average numbers like the 9.45%. Or, if you have to, leave
enough stock so that you can get exactly where you want to
without scrapping parts (.040" is preferred). What if the
crank has a stroke that is .010” too long, or a connecting rod
that is .005"” too long, or a piston that is .005" too tall? It
wouldn’t be the block that is wrong, but the block can fix
them all with no problem if we left our engine builder with
a .040" cushion.

Honing

Before the honing operation is started, the cylinder walls
should be inspected for cracks or pits and the bores checked
for taper and roundness. A cylinder bore is most accurately
measured using a dial-bore gauge. For the actual honing
operation, approximately .004" (.002" per side of material)
should have been left after boring. (The size of the piston
and the piston design are other factors determining the bore
size and the piston-to-wall clearance.) The hone used to
gain the desired surface finish is stipulated by the choice of
piston rings, but regardless of the actual finish (perfectly
smooth or slightly rough), it should have a 45° crosshatch
pattern. (Moly rings, 10-15 micro inches; chrome or
stainless steel, 15-25 micro inches. A 30 micro finish is
fairly rough and is close to the hone finish on a production
engine. A 5 micro finish is very smooth.) After honing, the
bores should be straight (no taper) and round within +.002".

Having a STRAIGHT bore that is ROUND with NO
TAPER is THE single most important step in building a
race engine that produces good horsepower, high rpm.
and/or high specific output.

Honing Plates

For a serious all-out race engine, the use of a honing
plate is strongly recommended. It should be made of a
1to 1-1/2" thick steel plate. The honing plate is held on
by capscrews. The screws should be torqued to the
same specifications as the standard head bolts.

Thickness of the honing plate and installation torque
are very important, but of equal importance (and an
item often overlooked) is the depth of thread
engagement. Bolts should be turned all the way in and
then backed off one turn for proper thread depth.

Why a Honing Plute?

At the beginning of the race season when you’re
rebuilding your tried-and-true race engine or building a
new engine for the upcoming season, the block should
be honed using a honing plate. This is the only way to
make the bores straight and round with the throttle
wide open. If the bores aren’t straight and round at
W.O.T. (wide open throttle), the engine won’t make
any horsepower. If you’re building several engines, or
plan to do so over the next few years, it will pay to get
your own honing plate. Most people/engine builders
and machine shops don’t have honing plates for
Chrysler-Plymouth-Dodge-Jeep engines. Honing
plates don’t wear out. Cast iron plates are less
expensive but can break if mishandled or dropped.
Billet steel plates are much stronger arid more durable.

Honing Plate Thread Engagement

The honing plate should be held on to the block with
the same thread length as the head. This sounds easy
enough, but how do you get the two to be the same?
Since cylinder head distortion is what you’re trying to
match, the first step starts with the head after
machining. The head bolts with washers, if they are to
be used with the head on final assembly, are inserted
into the head and the length of bolt protruding out the
bottom of the head is measured. We’ll assume that this
measurement is ,900”.The bolts that are going to be
used with the honing plate are inserted into the plate.
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The amount that sticks out of the bottom of the plate
has to be adjusted to .900". If the first pass yielded a
length of 1.200", then hardened washers can be
installed under the bolt head. Hardened washers run
around .100". So, in this example, three hardened
washers would be used to get the correct length. (For
more information refer to Block-to-Head Distortion,
'Cylinder Heads' section of this chapter.)

Boring and Milling Specifications

Because it is a thin wall casting design, the 4.0L can only
be over-bored .030" (maximum), although .020"
(maximum) is preferred. Regardless of the amount of
overbore, if the engine is to be used for high output racing
purposes, the cylinder wall thickness should be checked to
be sure the block doesn't have a bad case of core shift. The
cylinder wall thickness should be the same all the way
around or thicker on the major thrust side of the cylinder
bore; that is, passenger side (as installed in the vehicle).

1. When machining cylinder head and deck, be sure
they're perfectly flat.

2. When milling cylinder head and deck, don't make
them too smooth or you could have gasket sealing
problems. A typical production surface (100 micro-
inches) should be your guide.

The milling of the intake manifold gasket surface can be
done on the intake manifold itself instead of the head.

Cylinder Bore Measurement

1. It is mandatory to use a dial bore gauge to measure
each cylinder bore diameter (Figure 2-11).To correctly
select the proper size piston, a cylinder bore gauge
capable of reading in 0.003 mm (.0001")
INCREMENTS is required. If a bore gauge is not
available, DO NOT use an inside micrometer.

2. Measure the inside diameter of the cylinder bore at
three levels below top of bore. Start perpendicular
(across or at 90 degrees) to the axis of the crankshaft
and then take two additional readings.

3. Measure the cylinder bore diameter crosswise to the
cylinder block near the top of the bore. Repeat the
measurement near the middle of the bore, then repeat
the measurement near the bottom of the bore.

4. Determine taper by subtracting the smaller diameter
from the larger diameter.

5. Rotate measuring device 90° and repeat steps above.

6. Determine out-of-roundness by comparing the
difference between each measurement.

7. If cylinder bore taper docs not exceed (0.025 mm
(0.001") and out-of-roundness docs not exceed 0.025
mm (0.001"), the cylinder bore can bc honed. If the
(cylinderbore taper or out-of-round condition exceeds
these maximum limits, the cylinder must bc bored and
then honed to accept an oversize piston. A slight
amount of taper always exists in the cylinder bore after
the engine has been in use for a period of time.

CYLINDER BLOCK ASSEMBLY

Head Bolts

All cylinder head bolts should be screwed into the block
without the cylinder head. Visually inspect the rows of bolts
for any that may be bent, or {or bolts with holes drilled at
any angle, or for holes that are not drilled deep enough.
When the head bolts are screwed in, the depth of thread
engagement should be checked and recorded.

Note: It is recommended that new cylinder head bolts and
main cap bolts always be used (if possible) when rebuilding
an engine.

Bottoming Tap

A bottoming tap should be run down all head and main
bearing bolt holes. The head bolt holes should be
chamfered slightly to prevent the top thread from pulling up
when the head bolts are torqued.

Main Bearing Bores

Main bearing bores must he checked for both specified
diameter and alignment with each other. If either is off, an
align-boring machine should be used to align-bore the
block. A crankshaft-turning tight spot indicates bores are
out of alignment.
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Deck Height

Once the main bearing bores are known to be in alignment,
the deck surface of the block should be checked to make sure
it is parallel with the axis of the crankshaft. The distance
from the centerline of the crankshaft to the deck surface of
the block should be exactly the same at the front and rear. If
not, the deck surface will have to be milled. At this time the
deck height can be machined to the proper dimension.

Note: Deck heights that are above the block surface will be
increased by milling the block. Check the engine’s
blueprint specifications before milling. The resulting
machined surface of the deck must be on the rough side to
produce a good gasket seal and prevent the head gasket
from moving.

Dowel Pins

Ensure that all dowel pins used for aligning purposes are
the proper height (not too high), and that the dowel pins
locate the head properly so that combustion chambers are
properly centered over cylinder bores. Check to be sure that
the dowel pins don’t hold the head up off the block.

Note: Check without a head gasket.
Rear Main Bearing Oil Seal

The rear main bearing oil seal machined groove should be
roughed slightly with a center punch and the rope seal must
be seated all the way in. The rubber rear main seal should
be held in place with Permatex (RTV) behind the seal.

Camshaft Bearings

When installing camshaft bearings, make sure that the oil
holes in the bearings line up with the oil holes in the block.
DO NOT replace the camshaft bearings unless they are bad
or the block has been tank cleaned in acid.

Deburring

Use a small, fine file to remove burrs and break all sharp
edges in the main bearing bores and around the cylinder
bore chamfers, as well as other sharp edges on the block.

Tappet Bores

The tappet bores may be shined with #400 paper to remove
any rough spots or burrs. A brake cylinder hone may also
be used with care. Tappet bore clearance is very important.
If it is too tight, the lifters will stick. Use .0015" for flat
tappets and over .0015”to .003" for rollers. High clearance
can cause low oil pressure if the tappet bores are “wet.”

If a big, flat-tappet camshaft that requires .100" oversize
mushroom lifters is going to be used, the bottom of the
lifter bore should be spot-faced to a slightly larger diameter
than the diameter of the mushroom lifter bottom. A back
spot-facing tool is required to do this.

Notching the Cylinder Bore for Connecting Rod
Clearance

If you are attempting to install a crankshaft from a 4.2L.
engine into a 4.0l engine, you may have to notch the
bottom of the cylinder bores (as required) to obtain 100"
clearance (Figure 4-4).

There are many variables associated with this popular
modification (too numerous to go into detail here). For
more information, call the Mopar Performance Parts
Technical Assistance Hotline at 1-248-969-1690, or fax
them at 1-248-969-3342. They’ll be glad to help you.

Rod Notch at Bottom of Cylinder Bore
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Figure 4 - 4
CC’ing the Block

For complete information, refer to Measuring 1/2" Down
Fill Volume, ‘Pistons and Rings’ section of this chapter.

ADDITIONAL CYLINDER BLOCK PREPARATION
AND ASSEMBLY TIPS

Building a high performance engine requires a lot of
machining and assembly. Getting the bores straight, round,
and with no taper is very important to making horsepower.
However, there are several little items that are often
overlooked in engine building until it’s too late.
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First, we strongly recommend that the engine builder read
completely this chapter before any engine work is started.
Before the engine is assembled, all the basic parts (block,
crankshaft, head, etc.) should be cleaned, and then cleaned
again! The bearing clearances should be checked with
Plastigauge (P42868 19)or micrometers (inside and outside).

Before reassembling, gather all the chemical products
likely to be needed such as RTV, Loctite, etc. If any parts
are to be stored after they are machined and/or cleaned,
they should be sprayed with a rust preventive, wrapped in
newspaper and covered with plastic bags.

When the camshaft and lifters are installed, a camshaft
break-in oil should be used on the camshaft lobes and
journals and the outside of the lifters. The camshaft break-
in oil should come with the camshaft kit. If you need
camshaft break-in oil, order Lubrizol.

Before totally disassembling the block, check the deck
height of the pistons. Deck height is the distance from the
top of the piston to the top of the deck surface of the block.
This is an important dimension since it has a direct influence
on compression ratio. If the piston is a flat-top type, it will
usually be below the deck and this is the distance that must
be measured. A domed piston will stick up above the deck
surface and the distance is measured from the deck to the
flat of the piston, not the top of the dome. Mark this figure
down for future reference and completely disassemble the
block. On a new block, wait until the block is bored to size
before measuring the deck height.

When all machine operations are complete, the block
should be thoroughly washed out with solvent. Use bottle
brushes of suitable size to clean out all bolt holes, oil
passages, etc. Finish off with another thorough washing,
using a good, common detergent and warm water. Blow or
wipe dry and oil to prevent rust. Engine parts can’t be too
clean. Many early engine failures can be traced to dirt or
foreign objects (metal chips, etc.) that were left in the
engine when it was reassembled.

MAIN CAPS

Hardened Washer Sets

For use with head bolts and main cap bolts.

P4120456 Comprised of: (20) - 3/8" washers.
P4120457 Comprised of (20) - 7/16” washers
P4120458 Comprised of: (20)- 1/2" washers.

We all know an engine must have a set of main caps to
function. If you have a used engine block, it probably has
its own main caps, but some blocks may have broken or lost
caps. Main caps should be replaced in sets. Most used
engine blocks should have the mains align bored before the
engine is assembled into a “race” engine.

Let’s assume your main caps are O.K. and you have them
all. We’ll also assume that you are building a race or high
output engine. The problem with main caps is that they are
too simple. If they look like the right caps and we have
enough, then we’ll probably use them even if they aren’t
frorn this particular block. We have already stepped over
the line in this last sentence. We’ll explain shortly.

You may be asking, “If my caps aren’t broken and I have
enough, why should I change?*” or, “Why should [ install new
caps?’ These two questions are not the same! First, remember
that if the main caps are changed, then the block MUST be
align-bored. Always! If you are building a race engine, you
also MUST align-bore the engine. (The only exception is if
the engine was align-bored on its last rebuild, then it should
be alright.) Remember our “over-the-line” sentence regarding
using caps that weren’t from our particular block? In this case
we must also align-bore the block.

Remember that a weak cap doesn’t necessarily fail itself.
An engine failure will more likely occur with the bearings,
crankshaft, bolts, or even the bulkhead. A cap failure would
only occur in the most extreme cases. But it does occur.
You’d like to find it when you are routinely checking the
bearings, but you don’t always get that lucky!

Note: It is recommended that new main cap bolts always
be used (if possible) when rebuilding an engine.

FREEZE PLUGS

Every block used in production uses freeze plugs. They are
pressed into the sides and ends of the block. If they do their
job correctly, you will probably never know they are there.
If they fail, things can go wrong very quickly.

If you are building a race engine, it is highly recommended
that the block be thoroughly cleaned before you start. To
clean a block thoroughly, you need to remove the freeze
plugs. If you have the block hot-tanked, then the freeze
plugs MUST be replaced because they have lost their
“press” and will fall out as soon as there is any pressure in
the water jacket.

Freeze plugs can’t be re-used, so once you take them out,
you need a new set.
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Crankshaft

INTRODUCTION

The 4.0 engine uses a cast nodular iron crankshaft that
rotates within seven (7) main bearings and has a standard

bore and stroke of 98.4 X 87.4 mm (3.88 x 3.44”).

Crankshaft rotation is clockwise, when viewed from the
front of the engine.

The crankshaft is a cross-shaped four throw design with
eight counterweights for balancing purposes. The
crankshaft is supported by seven select main bearings with
No. 3 serving as the thrust washer location. The main
journals of the crankshaft are cross drilled to improve rod
bearing lubrication. The select fit main bearing markings
are located on the crankshaft counter weights. The
crankshaft rear oil seal is a two piece design. The front oil
seal is one piece design retained in the timing chain cover.

The crankshaft has a main bearing journal diameter of
63.489-63.502 mm (2.4996-2.5001"), and main bearing
journal widths of (No. 1)27.58-27.89 mm (1.086-1.098"),
(No. 3) 32.28-32.33 mm {1.271-1.273"), and (Nos. 2, 4, 5,
6 and 7) 30.02-30.18 mm (1.182-1.188”).

The crankshaft has a connecting rod journal diameter of
53.17-53.23 mm (2.0934-2.0955“) and a connecting rod
journal width of 27.18-27.33 mm (1.070-1.076").

For high performance racing engines, Mopar Performance
Parts recommends a forged crankshaft. Forged crankshafts
allow you to specify to your grinder exactly what stroke you
want, and cost less to have finished than billet crankshafts.
And for those of you who want an oversize bore engine, a
custom ground forged crankshaft is the way to go.

For more crankshaft specifications, refer to 4.0L Engine
Specifications, ‘Engine Assembly’ section of this chapter.

High Performance Crankshaft

This Mopar Performance Parts high performance
crankshaft has a 3.41 stroke and has been carefully
inspected and Magna-fluxed. 4,01 engine only.

P4529205

High performance crankshaft.

Balanced and Unbalanced Crankshafts

When describing crankshafts, we use words such as
“balanced” and “unbalanced.” However, what is physically
different about the crankshafts is not as obvious as the
words may imply.

Since the unbalanced crankshaft is easier to understand,
we’ll start with that one. Unbalanced crankshafts have
SOLIDjournals. That means there are no holes through the
first and last crankshaft journals. Racers like this because
they can offset grind the crankshafts if desired. Other racers

who use superchargers and/or alcohol fuel like solid
journals because they see them as being stronger (because
there are no holes in them). These are called “unbalanced’
or “solidjournal” crankshafts.

To spin-balance a typical crankshaft that has solid journals,
you have to add Mallory metal. This can be expensive.
Therefore, production crankshafts have a machined hole
through the first and last journals. These are balance holes.
Racers call them “balanced’ crankshafts, so we call them
balanced crankshafts. The name ONLY refers to the large
1-1/16” hole (approximately) through the first and last
journal. The crankshaft should still be balanced with its
specific connecting rods and pistons like any other race
engine crankshaft. However, the big holes usually eliminate
or cut down the use of Mallory metal.

Crank Bolt

The crank bolt is often used to turn the engine over by hand,
but this is only a convenience item. Its real function is to
hold the vibration damper on. That is why it is put on with
so much torque. If the interference fit on the damper hub is
not there and the crank bolt is not torqued, the damper can’t
do its job. This will cause the crank to eventually fail.

To hold the damper on properly there is a special large, hard
washer that is used. We have included this special washer
in our damper attachment package (P4529677).

BASIC PREPARATION

When preparing a crankshaft for racing applications, the
following steps should be performed:

1. Crankshaft bearing journals should be checked for
specified diameter and clearance. If it is a hardened
crankshaft, it shouldn’t be ground for clearance. These
crankshafts are hard only to a depth of .0003". The main
bearing clearances should be 0.03-0.06 mm (0.001-
0.0025"). The best way to measure crankshaftjournals
is with a micrometer. To measure main bearing
clearances, the bearings can be installed, the bolts
torqued to specification, and the inside diameter of the
bearing measured 90 degrees to the parting line with an
inside micrometer or snap-gauge. The difference
between these two measurements is the bearing
clearance. Plastigauge is accurate enough for most race
applications (P4286819 —includes all 3 sizes).

2. The bearing journals may be polished by hand, first
with #400 and then with #600 paper. Any nicks, burrs
or scratches should be polished out. Chamfer oil holes
in journals and use a wet stone to break edges. Check
the oil passages to eachjournal.
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Caution: With the nodular cast iron crankshafts used
it is important that the final paper or cloth polish after
any journal regrind be in the same direction as normal
rotation in the engine.

Crank alignment may be checked by installing the
upper bearing shells in the block (at each end of the
crank only) as well as the main caps (at each end of the
crank only).

Before assembly, make sure crankshaft, including
internal oil passages, is clean. Also be sure all oiling
passages are drilled through!

When assembling the crankshaft into the block, oil the
bearings and journals.

When installing the crankshaft, locate the main caps
carefully so that the crankshaft spins freely, and torque
all caps to specifications. Then spin the crankshaft by
hand through several revolutions before installing the
rear main seal. It should be fairly free, requiring very
little effort. Remove the caps and check for any burrs.
If present, they can be removed by gently scraping with
a bearing knife. When installing the rear main seal,
make sure it is properly seated; improper seating can
cause the crankshaft to bind.

For better race engine oiling with a high capacity oil
pump, 360° main bearing oiling is desired. 360° fully
grooved main bearing sets should be used. It is NOT
recommended that the crankshaft itself be grooved
because grooves weaken the crankshaft.

A degreed damper is a must for racers since they must
set their timing by total degrees advanced at a fairly
high rpm (for example, 35" total at 2,500 rpm). A
degreed damper is the easiest, most accurate, and most
convenient tool for doing this. It also aids in setting the
valve lash by giving 90° reference marks.

Note: Damper degree timing tape is P4529070.

There are several additional items that should be
checked during your build-up that will be helpful later:

a. Measure the actual stroke of the crankshaft. We
suggest that the extra time be invested and that
two cylinders per crankshaft throw be measured.
All measurements should be written in your
engine building notes.

b. Measure the deck height using a representative
connecting rod and piston along with the actual
crankshaft to be used. Be sure to oil the bearings
in this step.

c. Check the crankshaft end play.

d. Check the connecting rod side clearance on each
journal. Refer to 'Connecting Rods' section of this
chapter for instructions. Always clean all parts
used before proceeding to the next step.

10. Care must be exercised when tightening the bearing

caps. When the cap bolts have been torqued to 80 ft-
Ibs, check to make sure that the oil pump can be
inserted without binding on a main bolt hex head. If it
binds, tighten the main cap bolt just enough more (no
more than 1/6 turn) so the oil pump will clear the bolt
with no binding.

SPECIAL CRANKSHAFT PROCEDURES

Measuring Main Bearing Clearances

There are two methods that can be used to measure
crankshaft main bearing clearances: the Plastigauge method
and the Direct Measurement method.

L.

Plastigauge Method

When using Plastigauge (P4286819), check only one
bearing clearance at a time.

a. Install the grooved main bearings into the cylinder
block and the non-grooved bearings into the
bearing caps.

b. Install the crankshaft into the upper bearings dry.
Place a strip of Plastigauge across the full width of
the crankshaft journal to be checked.

c. Install the bearing cap and tighten the bolts to 108
Nem (80 ft-1bs) torque.

DO NOT rotate the crankshaft. This will cause the
Plastigauge to shift, resulting in an inaccurate
reading. Plastigauge must not be permitted to
crumble. If it is brittle, obtain fresh stock.

d.  Remove the bearing cap. Determine the amount of
clearance by measuring the width of the
compressed Plastigauge with the scale on the
Plastigauge envelope (Figure 2-16). The correct
clearance is 0.03 to 0.06 mm (0010 to .0025") for
all main bearing journals, with 0.051 mm (0.002")
preferred.

Plastigauge should indicate the same clearance
across the entire width of the insert. If clearance
varies, it may indicate a tapered journal or foreign
material trapped behind the insert.

e. Ifthe specified clearance is indicated and there are
no abnormal wear patterns, replacement of the
bearing inserts is not necessary. Remove the
Plastigauge from the crankshaft journal and
bearing insert. Proceed to Main Bearing
Installation, in this section.

f. If the clearance exceeds specification, install a
pair of 0.025 mm (0.001") undersize bearing
inserts and measure the clearance as described in
the previous steps.
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The clearance indicated with the 0.025 mm
(0.001") undersize insert pair installed will
determine if this insert size or some other
combination will provide the specified clearance.

Example: If the clearance was 0.0762 mm (0.003")
originally, a pair of 0.0254 mm (0.001") undersize
inserts would reduce the clearance by 0.0254 mm
(0.001"). The clearance would then be 0.0508 mm
(0.002") and within the specification. A 0.0508 mm
(0.002") undersize bearing insert and a 0.0254 mm
(0.001") undersize insert would reduce the original
clearance an additional 0.0127 mm (0.0005") and the
clearance would then be 0.0381 mm (0.0015").

Caution: Never use a pair of inserts that differ more
than one bearing size as a pair. For example, DO NOT
use a standard size upper insert and a 0.051 mm
(0.002") undersize lower insert.

If the clearance exceeds the specifications using a pair
of 0.051 mm (0.002") undersize bearing inserts,
measure the crankshaft journal diameter with a
micrometer. If the journal diameter is correct, the
crankshaft bore in the cylinder block may be
misaligned, which requires cylinder block replacement
or machining to true bore.

If the diameters for journals 1 through 6 are less than
63.4517mm (2.4981"), orjournal 7 is less than 63.4365
mm (2.4975"), replace the crankshaft or grind it down
to accept the appropriate undersize bearing inserts.

Once the proper clearances have been obtained,
remove the crankshaft and proceed to Main Bearing
Installation, in this section.

Plastigauge

When reassembling your engine you'll need a variety of
Plastigauge to measure bearing clearances. This popular
assortment includes one blue strip for .004" - .009"
tolerances, two red strips for .002" - .006" tolerances, and
two green strips for .001" - .003" tolerances. Each strip is
12" long.

P4286819 Plastigauge assortment.

2. Direct Measurement Method

The most accurate way of measuring crankshaft main
bearing clearances is directly.

a. Clean the main bearing journal of oil.

b. Determine the maximum diameter of the journal
with a micrometer. Measure at two locations 90"
apart at each end of the journal.

c¢. Compare the measured diameter with the journal
diameter specification listed in the Main Bearing
Fitting Chart (Figure 4-9), and select inserts required
to obtain the specified bearing-to-journal clearance.

Top Dead Center (TDC)

One of the most important basics in engine building is
being able to find Top Dead Center (TDC). To do this, you
need a dial indicator and a bridge, which is a U-shaped
bracket that will hold the dial indicator perpendicular to the
piston top. The indicator should be placed over the flat part
of the piston.

1. Finding TDC

a. Place the dial indicator (minimum 1/4" travel) on
top of the piston and rotate the piston to its
maximum upward travel. This is TDC. On some
engines this may be done without removing the
head by inserting the indicator through the spark
plug hole. Be sure the indicator is rigidly mounted.

b. Affix a 360° protractor (or degree wheel
P4452990) on the crankshaft with a pointer. Place
the pointer as close to “0” (TDC) as you can by
watching the indicator.

Note: The Mopar Performance Parts 0-180-0
degree wheel is easy to read because 100+ degrees
read directly.

c. Rotate the crankshaft (clockwise when facing the
front of the engine) until the dial indicator reads
exactly .030" before TDC. Stop. Take reading
from the degree wheel. Write it down. Reverse
rotation (counterclockwise) until the piston comes
up again and the dial indicator reads .030" exactly.
Stop. Take reading from the degree wheel. This
reading should be the same number of degrees
from “0” (TDC) as the first reading, only on the
other side of <“0”. If it is not, move the pointer half
the difference in degree readings in the direction
of the minimum degree reading.

Note 1: The .030" selected was for explanation
purposes only. Any measurement of .0l5" or
greater is acceptable.

Note 2: The reason for reversing direction to
obtain the second degree reading is to take out any
clearance in the connecting rod bearing and pin.

Example: With the degree wheel, pointer, and dial
indicator in position, rotate the crankshaft (clockwise)
until .025" is read on the indicator. (If you go past, just
start again. DO NOT back up— go all the way around.)
The degree wheel reads 8". Reverse rotation
(counterclockwise) until the indicator reads .025"
again. The degree wheel reads 350" (or 10" depending
on the degree wheel). Move the pointer on the degree
wheel 1° to read 351°, Repeat the procedure. At .025"
the degree wheel should now read 9" and 351". Now
the pointer is reading 0" at TDC exactly.
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TDC Indicator Tool

This is a handy, positive-stop tool for determining exact
top dead center (TDC) when centerlining camshafts. This
tool, made of hardened steel, is extremely accurate and
can be used on all DaimlerChrysler six cylinder engines. It
takes the guesswork out of finding TDC.

P4349737 TDC indicator tool.

Degree Wheel

Durable Mopar Performance Parts aluminum plate 0°-
180°-0° degree wheel for centerlining camshafts. Features
step-by-step installation instructions printed on back side.

P4452990 Degree wheel.

2. Timing Mark

Note: This procedure requires the timing chain case
cover be bolted to the partially-assembled short block.

The timing mark is composed of two lines or marks, one
on the crankshaft damper and the other on a tab on the
timing chain cover, that indicate TDC. Once you have
located TDC with the dial indicator, this true position
should be checked against the indicated timing mark.
Any deviation from the true TDC mark should be noted
and the correction made permanently on the crankshaft
damper. The new mark should be very visible. An error
in basic timing of only 2% can be very costly in terms of
performance and/or engine damage. A 2” error in timing
can result in a pre-ignition failure or light to heavy
compression ring scuffing which results in increased
blow-by and lower horsepower output.

Mallory Metal

Mallory metal is typically used in race engines to balance
crankshafts (refer to Figure 4-5). Many machine shops don’t
like to use it because it makes the balancing process somewhat
more complicated. However, as a racer, it’s important to know
what Mallory metal is and what it’s used for.

Mallory metal is heavier than lead, which makes it much
heavier than steel or cast iron. It can be welded to steel. It
can be machined similar to steel. Although lead is somewhat
soft, Mallory metal is hard. These characteristics make it
much like very “heavy” steel. Although not chemically
correct, this is an adequate “simple” description.

Now the question becomes, “Why do we want heavy
steel?” Since we are racing, “heavy” doesn’t sound like
something we would want to use other than for ballast. On
the surface this is true. Looking at the general description
of heavy metal, we might guess that we could use it to add
weight to something in the same sense that we ballast the
vehicle for better weight distribution. If this was your
guess, you’d be pretty close. Mallory metal is used to add
weight to the crankshaft.

The next question becomes, “Why would we want to add
weight to a racing crankshaft?’ First, this is related to the fact
that we typically race modified production engines. Most
production engines since the early 1970shave used a cast iron
crankshaft. Many of these cast iron crankshafts are externally
balanced. The reason that these assemblies are externally
balanced is that cast iron is slightly lighter than steel. Since
the piston and connecting rod stay the same in any given
engine assembly, any loss of weight from the crank’s
counterweights can cause the engine to be unbalanced. To fix
this, production engineers add offset weights to the vibration
damper and torque converter (or flywheel),making the engine
externally balanced. In this case, “external” indicates outside
of the short block assembly.

Having offset-weighted vibration dampers and torque
converters (or flywheels) can be a problem in racing.
Vibration dampers may have to be SFI approved for the
class that you run. Torque converters are a commonly
changed performance part. Flywheels can offer unique
problems. Balancing the engine internally solves all of
these problems. To accomplish this, we must add weight to
the crankshaft in selected areas. Since the crankshaft is
made of cast iron, the material we add must be heavier than
cast iron-Mallory metal.

In NHRA and IHRA Stock and Super Stock classes,
balancing is legal. It clearly states so in the rule book.
NHRA technical people consider Mallory metal a 100%
legal part of balancing. We (DaimlerChrysler/Mopar
Performance Parts) have been doing this for many years.

Adding Mallory metal to the crankshaft sounds like we are
going to increase its weight and inertia. Actually, the total
weight stays the same. The weight that is added to the
crankshaft is removed from the torque converter. If the
problem was the damper (having to use an SFI approved
damper), then the weight added would come off the
damper. Total weight would remain basically the same.
Crankshafts are balanced dynamically, or by spinning. This
means that a balanced crankshaft has the same inertia
(assuming we kept the same pistons, connecting rods, etc.).
Actually, because Mallory metal is heavier than steel or cast
iron and you add it near the outside diameter of the crankshaft
where it has the maximum effect, the balanced assembly may
be slightly lighter (in weight —at the same inertia).

To take this one step further, let’s look at actually lightening
the crankshaft. One of the methods is called “knife-edging”
the crankshaft. Generally, this process is NOT legal in
Stock or Super Stock classes. It 1is legal in
Modified/Competition classes, but read the rule book first
for any given class. Knife-edging removes a lot of weight
from the crankshaft; however, you can quite easily make
the crankshaft too light. Mallory metal will again balance
this knife-edged crankshaft. However, if found in a Stock or
Super Stock engine, it will be illegal. The Mallory metal
isn’t illegal, the knife-edging is!
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Figure 4 - 5

Tuff-Triding and Nitriding

Tuff-triding is a crankshaft surface treatment. It is a
patented process that can only be done under license. It is
also an older process which is not as popular with racers
today as it once was. The popular surface hardening process
today is generically called nitriding. There are several
versions of it. While many people think that nitriding turns
a crankshaft black, it may actually be gray. Therefore, color
is not a good means of process identification. (Other types
of metal treatments can result in similar colors.)

4.2L Engine Crankshaft Installation

If you are attempting to install a crankshaft from a 4.2L
engine into a 4.0L engine, you may have to notch the
bottom of the cylinder bores (as required) to obtain .100"
clearance (Figure 4-4).

There are many variables associated with this popular
modification (too numerous to go into detail here). For
more information, call the Mopar Performance Parts
Technical Assistance Hotline at 1-248-969-1690, or fax
them at 1-248-969-3342. They'll be glad to help you.

MAIN JOURNALS

Crankshaft main journals should be checked for excessive
wear, taper and scoring. Limits of taper or out-of-round on
any crankshaft journal should be held to 0.013 mm
(0.0005"). Journal grinding should not exceed 0.305 mm
(0.012") under the standard journal diameter. DO NOT
grind thrust faces of No. 3 main bearing journal. DO NOT
nick crankshaft pin or bearing fillets. After grinding,
remove rough edges from crankshaft oil holes and clean out
all oil passages.

Caution: With nodular cast iron crankshafts it is important
that the final paper or cloth polish after any journal regrind
be in the same direction as normal rotation in the engine.

MAIN BEARINGS

Street Performance Bearings

These production style main bearings are made from AL6
aluminum. Package includes complete engine set.
Standard size. For 4.0L engine only.

P4529207 Street performance bearings.

Main Bearing Material

Basically, there are three types of material used in main
bearings: Babbit, aluminum and Tri-Metal. Babbit is
considered a soft bearing material, while Tri-Metal is
considered hard.

For all-out drag racing use, Babbit bearings are
recommended. Babbit bearings should be checked regularly.

Maximum duty aluminum bearings are advisable for
medium duty racing applications, and are actually preferred
by some engine builders.

For constant high load, high rpm use such as in oval track
racing, hard bearings made of F-77 Tri-Metal material are
recommended. If Tri-Metal bearings are used with a cast
crankshaft, they should be checked frequently and replaced
regularly, even though they are hard, high load hearings.

High load, high rpm engines require maintenance.
Pushing the bearing replacement cycle too far, or ignoring
it, will usually cause an expensive failure. The cost
doesn't justify the gamble.

Removal

1. Disconnect the battery negative cable.
2. Remove the spark plugs.

3. Raise the vehicle.
4

Remove the oil pan and oil pump as outlined in the
'Oiling System' section of this chapter.

5. If equipped, remove the main bearing cap brace
(Figure 4-6).

6. Remove one main bearing cap and lower insert.
7. Remove the lower insert from the bearing cap.

8. Remove the upper insert by loosening (DO NOT
remove) all of the other bearing caps and inserting a
small cotter pin tool in the crankshaft journal oil hole.
Bend the cotter pin as illustrated to fabricate the tool
(Figure 2-13). With the cotter pin tool in place, rotate
the crankshaft so that the upper bearing insert will
rotate in the direction of its locking tab.

Note: Because there is no hole in the No. 3 main
journal, use a tongue depressor or similar soft-faced
tool to remove the bearing insert. After moving the
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insert approximately 25 mm (1"), remove it by
applying pressure under the tab.

9. Using the same procedure just described, remove the
remaining bearing inserts (one at a time) for inspection.

==y,

=

MAINBEARING CAPBRACE % -

Figure 4 - 6
Inspection

1. Wipe inserts clean and inspect for abnormal wear
patterns and for metal or other foreign material
imbedded in the lining. Normal main bearing insert
wear patterns are shown in Figure 2-14.

Note: If any of the crankshaft journals are scored,
remove the engine for crankshaft repair.

2. Inspect the back of the inserts for fractures, scrapings,
or irregular wear patterns.

3. Inspect the upper insert locking tabs for damage.

4. Replace all damaged or worn bearing inserts.
Fitting
(Refer to the Main Bearing Fitting Chart [Figure 4-91.)

The main bearing caps, numbered (front to rear) from 1
through 7 have an arrow to indicate the forward position.
The upper main bearing inserts are grooved to provide oil
channels while the lower inserts are smooth. Crankshaft
end play is controlled by the thrust bearing which is flanged
and installed at the No. 3 main bearing position.

Each bearing insert pair is selectively fit to its respective
journal to obtain the specified operating clearance. In
production, the select fit is obtained by using various sized,
color-coded bearing insert pairs as listed in the Main
Bearing Fitting Chart (Figure 4-9). The bearing color code
appears on the edge of the insert. The size is not stamped on
bearing inserts used for engine production.

The main bearing journal size (diameter) is identified in
production by a color-coded paint mark (Figure 4-7) on the
adjacent cheek toward the flanged (rear) end of the
crankshaft, except for the rear main journal. The paint mark
that identifies the rear main journal diameter is on the
crankshaft rear flange.

Refer to Main Bearing Fitting Chart (Figure 4-9) to select
the proper bearing inserts to obtain the specified bearing
clearance. Refer to 4.0L Engine Specifications, 'Engine
Assembly' section, for the correct main bearing clearances.

When required, upper and lower bearing inserts of different
sizes may be used as a pair. A standard size insert is
sometimes used in combination with a 0.025 mm (0.001")
undersize insert to reduce the clearance by 0.013 mm
(0.0005"). Never use a pair of bearing inserts with greater
than a 0.025 mm (0.001") difference in size (Figure 4-8).

Note: When replacing inserts, install the odd size inserts
either all on the top (in cylinder block) or all on the bottom
(in main bearing cap).

No.7 MAIN JOURNAL
SIZE PAINT MARK.

NO.6 CONNECTING

NO,t CONNECTING

S ST o
Figure4 - 7
Insert Correct Incorrect
Upper Standard Standard

0.025 mm (0.001 in.) | 0.051 mm {0.002 in.)

lower Undersize Undersize

19109-179

Figure 4 - 8
Installation

1. Lubricate the bearing surface of each insert with
engine oil.

2. Loosen all the main bearing caps. Install the main
bearing upper inserts.

3. Install the lower bearing inserts into the main bearing caps.
4. Install the main bearing caps and lower inserts.

Note: Rotate the crankshaft after tightening each main
bearing cap to ensure the crankshaft rotates freely.
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Tighten the bolts of caps |, 2,4, 5, 6, and 7 to 54 Nem
(40 ft-lbs) torque, then tighten to 95 Nem (70 ft-Ibs)
torque. Finally, tighten the bolts to 108 Nem (80 ft-1bs)
torque.

Push the crankshaft forward and backward. Load the
crankshaft front or rear and tighten No. 3 cap bolts to
54 Nem (40 ft-1bs) torque, then tighten to 95 Nem (70
ft-1bs) torque. Finally, tighten the bolts to 108 Nem (80
ft-Ibs) torque.

Check the crankshaft end play. Refer to Crankshaft
End Play, later in this section.

If the crankshaft was removed, install the crankshaft
into the cylinder block.

If equipped, install the main bearing cap brace and
tighten the nuts to 47 Nem (36 ft-1bs) torque.

10.

1.

12.
13.
14.

15.

16

Install the oil pump assembly and tighten the attaching
bolts to 23 Nem (17 ft-1bs) torque.

Install the oil pan with replacement gaskets and seals.
Refer to the proper service manual for the procedure.

Tighten the drain plug securely.
Lower the vehicle.

Install the spark plugs. Tighten the plugs to 37 Nem
(27 ft-1bs) torque.

Fill the oil pan with engine oil to the full mark on the
dipstick level.

Connect the battery negative cable.
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Main Bearing Fitting Chart

Crankshaft Journals #1 - #6 Corresponding Crankshaft Bearing Insert
Color Code Diameter Upper Insert Size lower Insert Size
Yellow 63.5025-63.4898 mm Yellow - Standard Yellow - Standard
(2.5001.2.4996 in)
Orange 63.4898.63.4771 mm Blue - Undersize Yellow - Standard
{2.4996.2.4991 in.) 0.025 mm (0.001in.)
0.0127 mm (0.0005 in.)
Undersize
Blue 63.4771.63.4644 mm Blue - Undersize Blue - Undersize
(2.4991.2.4986 in.) 0.025 mm (0.001in.) 0.025 mm (0.001 in.)
0.0254 mm(0.001 in.)
Undersize
Green 63.4644-63.4517 mm Blue - Undersize Green - Undersize
(2.4986-2.4981in.) 0.025 mm (0.001 in.) 0.051 mm (0.002in.)
0.0381 mm (0.0015in.)
Undersize
Red 63.2485-63.2358 mm Red - Undersize Red - Undersize
(2.4901-2.4896 in.) 0.254 mm (0.010in.} 0.254 mm (0.010in.]
0.254 mm (0.010in.)
Undersize
‘Color Code Diameter Upper Insert Size lower Insert Size
Yellow 63.4873-63.4746 mm Yellow - Standard Yellow - Standard
(2.4995.2.4990 in.)
Orange 63.4746-63.4619 mm Blue - Undersize Yellow - Standord
(2.4990.2.4985 in.) 0.025 mm (0.001 in.)
0.0127 mm (0.0005 in.)
Undersize
63.4619-63.4492 mm Blue- Undersize Blue = Undersize
(2.4985-2.4980 in.) 0.025 mm (0.001 in.) 0.025 mm (0.001 in.)
0.0254 mm (0.001 in.)
Undersize
Green 63.4492-63.4365 mm Blue- Undersize Green . Undersize

(2.4980-2.4975 in.)
0.0381 mm (0.0015in.)
Undersize

0.025 mm (0.001 in.)

0.051 mm (0.002in.)

63.2333-63.2206 mm

{2.4895.2.4890 in.)

0.254 mm {0.010 in.)
Undersize

Red- Undersize
0.254 mm (0.010 in.)

Red - Undersize
0.254 mm (0.0101in.)

Figure 4- 9

1T

19409-29




4.0L POWER TECH IN-LINE 6 (CRANKSHAFT) 145

Crankshaft End Play

Refer to Figure 2-18.

1.

Attach a magnetic base dial indicator to the cylinder
block at either the front or rear of the engine.

Position the dial indicator rod so that it is parallel to the
centerline of the crankshaft.

Pry the crankshaft forward; position the dial indicator
to zero.

Pry the crankshaft forward and backward. Note the dial
indicator readings. End play is the difference between
the high and low measurements. Correct end play is
0.038-0.165 mm (0.0015-0.0065”). The desired
specifications are 0.05 1-0.064 mm (0.002-0.0025").

If end play is not within specification, inspect crankshaft
thrust faces for wear. If no wear is apparent, replace the
thrust bearing and measure end play. If end play is still
not within specification, replace the Crankshaft.

REAR MAIN OIL SEAL

The crankshaft rear main bearing oil seal consists of two
half pieces of neoprene with a single lip that effectively seals
the rear of the crankshaft (Figure 4-10). Replace the upper
and lower seal halves as a unit to ensure leak-free operation.

Removal

To replace the rear main oil seal, the transmission must be
removed. Refer to the service manual for the procedure.

1.
2.

5.

Remove the flywheel or torque converter drive plate.

Remove the oil pan. Refer to the proper service manual
for the procedure.

Remove the rear main bearing cap (No. 7).

Push the upper seal out of the groove. Ensure that the
crankshaft is not damaged.

Remove the lower half of the seal from the bearing cap.

Installation

w0

Wipe the seal surface area of the crankshaft until clean.
Apply a thin coat of engine oil.
Coat the lip of the seal with engine oil.

Position the upper seal into the groove in the cylinder

block. The lip of the seal faces toward the front of the
engine.

Place the lower half of the seal into the bearing cap
(Figure 4-10).

Coat both sides of the lower seal end tabs with Mopar
Gasket-in-a-Tube, or equivalent. DO NOT apply
sealant to the lip of the seal.

Coat the outer curved surface of the lower seal with
soap and the lip of the seal with engine oil.

Position the lower seal into the bearing cap recess and
seat it firmly.

Coat both chamfered edges of the rear main bearing
cap with Mopar Gasket-in-a-Tube, or equivalent.

Caution: DO NOT apply sealant to the cylinder block
mating surfaces of the rear main bearing cap because
the bearing-to-journal clearance would be altered.

10. Install the rear main bearing cap.

1.

Torque all main bearing bolts to 108 Nem (80 ft-1bs).

BEARING

REAR MAIN BEARING SEAL

BEARING

CAP 18909-169

Figure 4 - 10

VIBRATION DAMPER

The reason for a vibration damper on an engine is to
dampen the frequencies and/or harmonics that are created
when the engine runs (rotates). In simplified terms, to
“dampen” means to soften or decrease the effect. This keeps
the crankshaft from breaking, helps it last longer, and helps
bearing durability. In some engines you could even fail
blocks because of excessive vibration. That’s why a solid
hub damper (or no damper at all) breaks the crankshaft
quicker. This durability effect is greater in an oval track
racing vehicle than a drag racing vehicle, and greater in a
bracket racer than a Super Stocker (for example).

In the past, we’ve discussed the weight factor in rubber
dampers. To summarize, the heavier the damper ring, the
more effective the damper is. Therefore, on oval track
vehicles, Chrysler-Plymouth-Dodge used a much larger
damper to maintain durability.
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Currently, the NHRA requires an SFI approved vibration
damper as mandatory equipment in Comp Eliminator,
Super Stock, Super Comp, Super Gas, and Super Street.
They are also permitted in Stock Eliminators. Since January
1991, these SFI dampers have been mandatory on all E.T.
bracket vehicles that run 10.99and quicker. If you run a fast
vehicle, you should be aware of these special dampers.

There are basically three vibration damper approaches that
can be used. You can use a solid hub damper, a
fluid/viscous damper, or a rubber-style damper. DO NOT
USE A SOLID HUB DAMPER. It breaks crankshafts. This
leaves the comparison between rubber and viscous
dampers. Realize that production (stock) dampers work fine
in stock condition, but they are not legal in fast vehicles;
i.e., they are not SFI approved. Now the question becomes
which one to use?

The first consideration is cost. Rubber dampers tend to be
less expensive. However, this is like selecting a cast iron
intake manifold over an aluminum one because the cast iron
manifold costs less. There’s more to it than that.

The second consideration is inertia. This translates into a
damper’s rotational weight. Without getting into fancy
terms with a rubber damper, everything has to rotate with
the crankshaft and at the same speed (rpm) as the
crankshaft. This isn’t true of a fluid/viscous damper. A
large part of the viscous damper’s weight doesn’t follow the
engine’s rpm exactly. It works something like a viscous fan.
This can be a big advantage in a drag engine or short track
engine where engine speeds change quickly and by large
amounts.

One of the characteristics of a rubber damper is that it has
to be tuned to a selected rpm band of operation. This means
that, for any given engine package, the damper is tuned to
a specific rpm. The viscous damper does a better job at a
wide range of frequencies (rpms). This again is a big
advantage for the racer who races under many different
conditions, rpms, track lengths, etc.

The only real “problem” with rubber dampers is that the
rubber can deteriorate. This can manifest itself in the outer
ring slipping. This causes the timing mark to move. At this
point the damper should be replaced.

In summary, we recommend that a steel ring (SFI
approved) vibration damper be used for general high
performance (dual purpose) vehicles, and a viscous/fluid
vibration damper be used for race-only drag, oval track, or
endurance vehicles.

Damper Attachment Package

Attaching bolt package necessary to attach damper to
crankshaft.

P4529677 Damper attachment package.

Vibration Damper Failure

Basically, vibration dampers keep the crankshaft from
breaking. Longer stroke crankshafts work the vibration
damper harder. So do higher rpm and more output to a
lesser degree. Lighter dampers don’t do as good a job as
heavy dampers. Racing engines today are getting larger
with longer strokes. We need the best damper we can get to
keep the crankshaft from breaking. Without extensive
testing, the best rule is the heavier the better. The
production weight damper is another good guideline since
there has been more testing on it than any other.

Most crankshaft failures are the result, not the cause. The
damper causes the crankshaft to fail, not the other way
around. If a crankshaft fails, always look to oiling first, then
the damper. You can’t blame an oiling failure on the
damper. But you also have to select the damper that allows
the crankshaft to work. If you take weight out of the damper
and the crankshaft fails, you know you went too far!

Vibration Damper Performance Tips

We have covered the advantages of a good race vibration
damper. Like any race piece, there are always little
problems that crop up as you get into actual racing, such as
notching pistons for a big camshaft and matching ports on
the intake manifold. Vibration dampers are no exception.

First of all, always double check the timing mark. Double
check it against actual top dead center (TDC). This tip
really has nothing to do with the damper itself. We
(DaimlerChrysler) have told racers over and over again to
check the timing marks on their dampers. Check, check,
and recheck! You should never switch dampers without
checking the timing mark. Remark your damper as
required. (Refer fo Top Dead Center (TDC),in this section,
for complete information.)

Another tip concerns pulley spacing. Proper spacing has
been a problem on every high rpm engine built. Aluminum
pulleys add to the complexity of the problem. There is no
easy solution. Aligning the various pulleys so that all the
belts run true takes a little bit of patience and some
measuring, but it must be done.

Removal

1. Remove the drive belt(s).

2. Remove the retaining bolts and separate the vibration
damper pulley (V-belt ONLY) from the vibration damper.

3. Remove the vibration damper retaining bolt and washer.

4. Use a vibration damper removal tool to remove the
damper from the crankshaft (Figure 2-2).
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Installation

1.

With the key in position, align the key slot of the
vibration damper hub with the crankshaft key and tap
the damper onto the crankshaft.

Install the vibration damper retaining bolt and washer.
Tighten the bolt to 108 Nem (80 ft-1bs) torque. If the
crankshaft turns before the damper bolt torque value is
attained, the crankshaft can be prevented from turning
by placing two 5/16" x 1-1/2" bolts into the damper
front pulley holes and wedging a bar between them.
Rotate the bar until it contacts the frame member to
prevent the crankshaft from turning.

Install the damper pulley (V-belt only) and retaining
bolts. Tighten the bolts to 27 Nem (20 ft-1bs) torque.

Install the drive belts(s) and tighten to the specified
tension. Refer to the service manual for the proper
specifications and procedures.

TIMING CHAIN AND SPROCKETS

Installation of the timing chain with the timing marks on the
crankshaft and camshaft sprockets properly aligned ensures
correct valve timing. A worn or stretched timing chain will
adversely affect valve timing. If the timing chain deflects
more than 12.7 mm (1/2"), replace it. The correct timing
chain has 48 pins. A chain with more than 48 pins will
cause excessive slack. For removal and replacement
procedures, refer to the proper service manual.

Jeep Gear Drives

Replace conventional Jeep timing chain and gear sets and
eliminate chain induced cam timing fluctuations with this
Mopar Performance Parts dual idler gear drive camshaft
centerlining drive system. Rugged and durable for off-road
applications. Fits all 4,QL, 4.21., and 2,51, Jeep engines.

P5249009

Jeep gear drives.

All-out Race Chain and Sprockets

Cloyes matched sprockets and double roller chain for all-
out race applications. Has three matched keyways to
adjust cam timing. Kit includes Magna-fluxed sprockets
and roller timing chain. For 2.51. and 4.0L engines only.

P3249519

All-out race chain and sprockets.

Installation Tips

L.

Be extremely careful to apply full torque to the
camshaft sprocket attaching bolts. It is also advisable
to apply Loctite. If these precautions aren't taken,
engine torsional vibration may cause the camshaft
bolts to loosen and the camshaft will turn. If the bolts
loosen, the locating dowel will shear off because it is
not intended as a load carrying member. As an extra
added measure, use at least Grade 8 bolts.

The bushings in the timing chain rollers will
deteriorate with hard usage. Change the timing chain
when it becomes stiff and the links DO NOT move
freely, as this indicates bushing breakage.

Also, replace camshaft andor crankshaft sprockets if
there is any evidence of teeth being bent through
dropping or other mishandling. Bent teeth may break
off causing the chain to break.

Note: When installing a new camshaft or reassembling
the engine after an overhaul, coat the camshaft lobes
and tappets liberally with Mopar Engine Oil
Supplement (or equivalent). This aids camshaft and
tappet break-in and helps prevent scuffing.



148 MOPAR PERFORMANCE PARTS

Connecting Rods

INTRODUCTION

The 4.0L engine's connecting rods are made of cast
malleable iron with a total weight (less bearings) of 657-
665 grams (23.2-23.5 oz.), and a total length (center-to-
center) of 155.52-155.62 mm (6.123-6.127").

Connecting rod bore diameter (less bearings) is 56.09-
56.08 mm (2.2085-2.2080").

For more connecting rod specifications, refer to 4.0L Engine
Specifications, 'Engine Assembly' section of this chapter.

Connecting Rod

These heavy duty forgings are shot-peened and Magna-
fluxed. Includes high strength bolts. Can be used as heavy
duty stock replacement. For 2.51, and 4.0L engines only.
(Sold individually.)

P4529209 Connecting rod.

Connecting Rod Bearings

These connecting rod bearings are made of production-
style material, Available in standard and two undersizes.
For Jeep 2.5L and 4.0L. engines only. (Sold individually.)

P4529208
P4529236
P4529238

Connecting rod bearings, standard size.
Connecting rod bearings ,.001" undersize.

Connecting rod bearings, .010" undersize.

BASIC CONNECTING ROD PREPARATION AND
INSTALLATIONTIPS

Note: The following information is for the preparation of
steel connecting rods only.

1. Connectingrods should be checked for alignment; bores
should be parallel. Check big and small ends for size.

2. Using a small file, deburr the connecting rods, paying
particular attention to the mating surfaces and tab
groove. You need the clamping effect of a 60 micro
bore. The sides should be polished by hand on a flat
plate using #600 paper. Proper side clearance should be
0.25-0.48 mm (0.010-0.019"). DO NOT increase side
clearance past .0 19" as this increases the oil demand of
the engine. It will also allow too much oil on the
cylinder walls which will overload the rings and allow
excess oil in the combustion chambers.

3. In an engine that is to be used in a high rpm situation,
the connecting rods and connecting rod bolts should be
Magna-Glo checked for cracks or forging flaws.

4. A race engine should always use heavy duty
connecting rod bolts and nuts.

5. The connecting rod bearing clearance is 0.25-0.76 mm
(0.001-0.003"). Preferred bearing clearance is 0.044-
0.050 mm (0.0015-0.0020").

6. The connecting rod bolt head should be seated against
the flat, machined surface in the connecting rod.

7. For a race engine, the big end of the connecting rod
should be sized to the minimum diameter to get the
maximum crush from the bearing.

8. Shot-peening the rods is recommended if they haven't
been already.

9. Some race engines use floating piston pins. On these
engines, the pin-to-connecting rod clearance should be
checked. On standard production engines that use a
pressed pin, the amount of interference should be
checked. (Refer to 4.0L Engine Specifications, 'Engine
Assembly' section of this chapter.)

10. Connecting rods with full floating pins to be used in
racing applications should have the small end of the
connecting rod drilled with a small hole
(approximately 3/32") for increased piston pin oiling.
The best location for this oiling hole is the top of the
connecting rod above the pin (Figure 4-11). Pin oiling
holes in the sides (5 o'clock or 7 o'clock, for example)
weaken the connecting rod itself and therefore are
NOT recommended. One hole in the top does the best
job of oiling the pin and maintaining the connecting
rod’s strength.

r Piston Pin Qiling Hole

Bistderitie

Piston Pin
Centerline

Figure 4 - 11



4.0L POWER TECH IN-LINE 6 (CONNECTING RODS) 149

SPECIAL CONNECTING ROD INSTALLATION
PROCEDURES

Rod Ratio

For all-out modified race engines, it is recommended that a
rod ratio (length of the rod divided by the stroke) of 1.75to
1.85 be maintained if possible for best performance. (The
stock 4.0L engine has a rod ratio of 1.78—this is considered
the best overall choice.) Side clearance should be 0.25-0.48
mm (0.010-0.019”).

Measuring Side Clearance

Slide snug-fitting feeler gauge between the connecting rod
and crankshaft journal flange. The correct clearance is
0.25-0.48 mm (0.010-0.019”). DO NOT increase
connecting rod side clearance (two rods) beyond
specifications. Replace the connecting rod if the side
clearance is not within specification.

Note: Excessive side clearance increases the oil demand of
the engine as a result of excessive oil leakage past the
connecting rods. Increasing oil demand reduces the oil
available for lubrication and cooling at high engine speeds.

Excessive side clearance also increases the amount of oil
sprayed on the cylinder walls overloading the oil rings.
The excessive oil then ends up in the combustion
chamber and can cause pre-ignition. (By definition, oil is
a very low octane fuel!)

Cap Alignment

Sometimes the simplest questions can be the hardest to
answer. In some cases you assume that everyone knows the
answer already. For example, someone asks the question,
“Can you reverse the cap on a connecting rod?” The answer
is, “No!” Although this is correct, the follow-up question
(“why?”) is not so easy to answer. During engine assembly
we line up the numbers on the sides of the connecting rods.
Therefore, if we reversed the caps, the numbers would not
line up. Sounds good, but is it the complete answer?

Since we (Mopar Performance Parts) are in the parts
business, we should have an answer to this question. After
all, there are no numbers stamped on the side of service
connecting rods or Mopar Performance Parts connecting
rods (or any aftermarket connecting rod for that matter).
Therefore, the numbers can’t be used to tell us why. Does
this mean that the caps can be reversed‘? How about on a
service connecting rod? The answer is still “No!” We’ll
have to look deeper to find out why.

Connecting rod cap tab slots are a feature that you may
think will lead to the “why?’ answer. There is a slot in the
cap and one in the connecting rod that align the bearing
shells. These two tabs (or slots) have to be together. This
would mean that the two slots would be next to the same
bolt. Although this is true, it is NOT the complete answer.
(It is only coincidence!)

If you take the cap off the connecting rod assembly, you
will notice that there is a V-groove across the parting face
of the cap. You will note that the V-groove is on the
opposite side from the bearing tab slot. There is also a small
V-notch in the bearing shell which should be installed to
line up with the V-groove in the cap. This groove provides
lubrication of the cylinder wall on the opposite bank. We’re
getting warmer!

In racing and other very high performance engines, the
connecting rod caps may not have a V-groove. Extremely
high rpm applications don’t need any more oil on the
cylinder walls, so the V-groove may be omitted. Even
though the V-groove isn’t always there, the fact that it is
designed to oil the opposite wall leads us to the correct
answer. The groove-to-wall relationship means that how the
connecting rod fits into the crankcase is important.

The key to all of this is to notice that the chamfer on the big
end of the connecting rod is not the same on both sides.
There is a big chamfer on one side and a small chamfer on
the other. The big chamfer goes toward the crankshaft while
the small chamfer goes toward the other connecting rod. If
the cap gets reversed, then there would be a small chamfer
on the connecting rod and a large chamfer on the cap. This
is how you can tell that a cap had been reversed. DO NOT
assume that a used engine did not have some of its caps
reversed. The proper way to install the connecting rod into
the engine is that the right cylinder bank (#2, 4, 6) should
have the large chamfer toward the rear of the engine. The
connecting rods on the left bank (#1, 3, 5) should have the
large chamfer toward the front of the engine. The service
manual ties the direction of the chamfer to the “notch” in
the top of the piston. In racing we may reverse the pistons
or have no offset and therefore no notch or arrow. Therefore
it is best to install connecting rods by chamfer and cylinder
location. The service manual also says that you should fit
all connecting rod and piston assemblies on one bank until
complete. This is important. DO NOT alternate from one
bank to another.
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We began this discussion trying to find out how to tell if a
cap had been reversed. We now know how to locate the cap
and how to install the connecting rod assembly in the
engine. These two items are closely related because the
method of determining main cap orientation and the key to
installing connecting rods are the same. It is important to
know both because once the connecting rod and piston are
assembled, the cap still has to be removed one more time to
get the connecting rod on to the crankshaft. One more
chance to reverse the cap or the connecting rod. Our main
check on the assembly at this point is usually the valve
notch on the top of the piston. However, it is also a good
idea to double check the chamfer-crankshaft relationship
after the connecting rod/piston installation to verify that a
cap didn’t get reversed in the last step.

Connecting Rod Bolt Protectors

In every engine assembly or build-up, the piston and
connecting rod assembly must be installed into the block
and on to the crankshaft. During this phase of engine build-
up, the connecting rod bolts have to be protected. This is
because when the connecting rod cap is removed to allow
for the installation of the connecting rod and piston
assembly and the bearing shells, the connecting rod bolts
pressed into the connecting rod are left sticking out
unprotected. Aluminum connecting rods have the
connecting rod bolts threaded into the connecting rod beam
and are, thercfore, one of the few exceptions to this
condition. In any case, the bolts that stick out must be
protected during installation.

To protect the bolts, cover the connecting rod bolt threads.
There are several choices for protectors. The “Pros” tend to
use threaded brass rods. Another option is simply a piece of
rubber fuel line. Our favorite is neoprene (clear plastic)
line. Lengths are somewhat optional, but should be at least
9 - 12”long for the top bolt. The second piece, for the
bottom bolt, could be as short as 3“- 4 long, but 9”- 12”
long is recommended,

The main reason the threads need to be covered is to protect
the crankshaft journal during piston-connecting rod
installation. If you don’t use protectors, it’s very easy to
scratch the connecting rod journal with the end or threads
of the connecting rod bolt. Crankshafts are much more
expensive to repair or replace than connecting rod bolts.

A secondary function of connecting rod bolt protectors is to
guide the connecting rod over the crankshaft journal during
installation. This is only true if you use at least one long
protector. If you use short ones (or none at all), then the
connecting rod can easily end up on the wrong side of the
journal, which can result in other damage.

The proper procedure for installing the connecting rod and
piston assembly begins with the crankshaft’s rod throw at
the bottom of its travel, or BDC (Bottom Dead Center).
Generally, the cylinder that you are working on should be

tipped on its side. This makes slipping the connecting rod,
piston and ring assembly into the block easier. In this
configuration, the long protector should go over the top of
the connecting rod journal. Before you make an error,
reraember that the piston MUST be installed into the block
in its proper orientation for pin offset, valve notches, etc. So
the first task is to determine this orientation BEFORE you
install the connecting rod bolt protectors. Now put the long
protector on the top bolt as installed. Somewhat confused?
Now you can see why using two long protectors might be
easier to work with and is the recommended choice.

As soon as the piston and connecting rod assembly is seated
against the crankshaft journal, the connecting rod bolt
protectors are removed.

ALUMINUM CONNECTING RODS

Note: Aluminum connecting rods should be used ONLY in
conjunction with lightweight pistons.

Aluminum connecting rods are a race-only piece. Although
most standard production connecting rods are designed for
pressed-pins, most race pistons are designed for full
floating pins. When building a race engine, the pistons
would generally be replaced before the connecting rods.
For an all-out race engine there are advantages to the full
floating pin. (Be sure to check pin clearance in the
connecting rod upon assembly.)

If you broke a steel connecting rod, you’d probably buy a
new one, rebuild it and put everything back together.
Aluminum connecting rods aren’t quite that easy. (By
“breaking” we mean a partial failure like a scuffed big end,
overheated, bent or nicked from handling. If the connecting
rod breaks in two, there won’t be much left to “put back
together.”) With aluminum connecting rods, if you drop one
and nick it, you can replace it with a new one. However, if
after several runs you scuff it, overheat it, bend it, etc., you
don’t want to just replace it. Your best bet is either to
replace all six connecting rods or to send the five good
pieces back to the manufacturer and have them “rebuilt”
and matched to the sixth. We strongly recommend keeping
any instruction sheet or other manufacturer information that
might come with your specific set of connecting rods to
help you contact the manufacturer at a future date.

The main advantage of aluminum connecting rods is their
lighter weight. However, they do require some special
considerations. These special considerations are primarily
clearances, which may be slightly different from steel
connecting rod numbers. These differences can be
important. Be sure to check with the manufacturer for
correct specifications.
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CONNECTING ROD BEARINGS

For racing purposes there are two special connecting rod
bearings materials used: Babbit and Tri-Metal. In general,
Tri-Metal is preferred for oval track racing, Babbit for drag
racing.

Installation

Fit all connecting rods on one cylinder bank until
completed. DO NOT alternate from one bank to another,
because when the rods are assembled to the pistons
correctly, they are not interchangeable from one bank to
another.

The bearing caps are not interchangeable and should be
marked at removal to ensure correct assembly.

Each bearing cap has a small V-groove across the parting
face. When installing the lower bearing shell, make certain
that the V-groove in the shell is in line with the V-groove
in the cap. This provides lubrication of the cylinder wall in
the opposite bank.

The bearing shells must be installed so that the tangs are in
the machined grooves in the rods and caps.

Limits of taper or out-of-round on any crankshaft journals
should be held to 0.0254 mm (0.001"). Bearings are
available in 0.025 mm (0.001"), 0.051 mm (0.002"), 0.076
mm (0.003"), 0.254 mm (0.010") and 0.305 mm (0.012")
undersize. (Contact your local Chrysler-Plymouth-Dodge-
Jeep dealer for ordering information.)

Note: Install connecting rod bearings in matched pairs. DO
NOT use a new bearing half with an old bearing half. DO
NOT file the rods or bearing caps.

Measuring Connecting Rod Bearing Clearance

1. Wipe the journal clean of oil.

2. Use short rubber hose sections over rod bolts during
installation.

3. Lubricate the upper bearing insert and install in
connecting rod.

4. Use apiston ring compressor to install the rod and piston
assemblies with the oil squirt holes in the rods facing the
camshaft and the arrow on the piston crown pointing to
the front of the engine (Figure 2-37). Verify that the oil
squirt holes in the rods face the camshaft and that the
arrows on the pistons face the front of the engine.

5. Install the lower bearing insert in the bearing cap. The
lower insert must be dry. Place a strip of Plastigauge
across the full width of the lower insert at the center of
bearing cap. Plastigauge must not crumble in use. If
brittle. obtain fresh stock.

10.

I1.

12.

Install bearing cap and connecting rod on the journal
and tighten nuts to 45 Nem (33 ft-Ibs) torque. DO NOT
rotate crankshaft. Plastigauge will smear, resulting in
inaccurate indication.

Remove the bearing cap and determine the amount of
bearing-to-journal clearance by measuring the width of
compressed Plastigauge by using the scale on the
Plastigauge envelope (Figure 2-16). The correct
clearance is 0.025 to 0.076 mm (0.001 to 0.003").
Plastigauge should indicate the same clearance across
the entire width of the insert. If the clearance varies, it
may be caused by either a tapered journal, bent
connecting rod, or foreign material trapped between
the insert and cap or rod.

If the correct clearance is indicated, replacement of the
bearing inserts is not necessary. Remove the
Plastigauge from crankshaftjournal and bearing insert.
Proceed with installation.

If bearing-to-journal clearance exceeds the
specification, install a pair of 0.0254 mm (0.001")
undersize bearing inserts. All the odd size inserts must
be on the bottom. Service replacement bearing insert
sizes are stamped on the backs of the inserts. Measure
the clearance as described in the previous steps.

The clearance measured with a pair of 0.0254 mm
(0.001") undersize bearing inserts installed will
determine if two 0.0254 mm (0.001")undersize inserts
or another combination is needed to provide the correct
clearance. (Refer to Connecting Rod Bearing Fitting
Chart [Figure 4-15].)

Example: If the initial clearance was 0.0762 mm
(0.003"), 0.025 mm (0.001") undersize inserts would
reduce the clearance by 0.025 mm (0.001"). The
clearance would be 0.002" and within specification. A
0.051 mm (0.002") undersize insert would reduce the
initial clearance an additional 0.013 mm (0.0005").
The clearance would then be 0.038 mm (0.0015").

Repeat the Plastigauge measurement to verify your
bearing selection prior to final assembly.

Once you have selected the proper insert, install the
insert and cap. Tighten the connecting rod bolts to 45
Nem (33 ft-1bs) torque.
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Pistons and Rings

Cast Pistons and Rings for Jeep 4.0L. Engines

Part Number Bore Stroke

Rod CR Dome Rings

P4876962 3.905" 3.41"

6.125" 9.21 Dish | P4876961

PISTONS

The 4.0L engine uses high strength aluminum alloy pistons
with an anodized top ring groove and crown. Piston skirts
are coated with a solid lubricant (Molykote) to reduce
friction and provide scuff resistance. A pressed fit piston pin
is used to attach the piston and connecting rod. The piston
combustion cavity is a single quench design. For more
piston (and piston ring) specifications, refer to 4.0L Engine
Specifications, 'Engine Assembly' section of this chapter.

In summary, the secret with pistons is that they be
lightweight and have smooth, round tops if they are domed.
The secret with piston rings is to get them to seal to the
piston and the bore at W.O.T. (wide open throttle).

Piston Compression Ratio Ratings

Pistons are usually described by their bore or overbore size
and their rated compression ratio. This compression ratio
rating seems to get people confused. Generally there are
8.0:1, 9.0:1, 10.5:1, 11.5:1, and even {2 5:1 pistons. There
are dished and domed pistons. Generally domed pistons
have a high compression ratio rating and dished pistons
have a low compression ratio rating. However, the piston
doesn't have a compression ratio by itself. It has to be
installed into an engine.

In an effort to help clarify this situation and help racers
know what they are basically getting, most piston
manufacturers rate their pistons by compression ratio. To
do this, they assume that the engine is at blueprint or
nominal specifications. For example, Mopar Performance
Parts has a line of 9.2:1 pistons. If your engine had a
nominal compression ratio of 8.2:1 from the factory and
you installed these pistons, then you would have a 9.2:1
compression ratio.

The confusion comes in because most engines don't have
the actual nominal compression ratio. It might be 8.2:1. It
might be 8.0:1, or possibly 7.81. If your engine really has
a 7.8:1 compression ratio and you install 9.2:1 pistons,
you'll actually have an 8.8:1 compression ratio. The piston
is only one of many factors that contribute to the exact
compression ratio. There is cylinder head volume (cc) and
gasket thickness. There is also the deck height which takes
into account connecting rod length changes, stroke
variations, and block height machining tolerances. (Valve
notches, chamfers, dish/dome volumes, and pin height are
assumed to be part of the piston.)

So when you change the piston design and move the pin
down to increase the compression ratio (or add a dome),
you are only changing the piston. Let's assume that the
deck tolerances are .020" to .030" below the cylinder head,
and the cc range is from 68 to 72. The piston itself can't
change variations in these other parts. On any given engine,
the difference is between the rated compression ratio for the
pistons and the engine's actual nominal compression ratio.

For example, if the engine's actual nominal compression
ratio is 8.2:1, then 9.2:1 pistons increase the compression
ratio one point (9.2 - 8.2 = 1). Therefore, if the engine's
actual nominal compression ratio is 7.8:1, then the resulting
compression ratio after installing 9.2:1 pistons is 8.8:1. The
only way to determine if your engine has an 8.2:1 or 7.81
compression ratio ig to measure it. This requires you to cc the
headls, measure the deck heights with a micrometer or similar
device, and check the compressed thickness of the gaskets.

All pistons share this problem. If you don't make the required
measurements, you won't ever know you're exact compression
ratio. And there are still other variations. The only way to
remove all these variations is to blueprint the engine.
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Piston Shape

Not all pistons are the same “shape.” Each engine has a
piston shape and resulting combustion chamber shape that
will provide the best engine output at a given compression
ratio. The simplest way to solve this problem in wedge
engines is to use a flat piston. Typically, an engine with
11.0: 1 compression ratio will make more power with a flat
piston than it will with a domed piston.

For higher compression ratios, a domed piston must be used
and, therefore, the shape becomes important. The spark
plug relief needs to be enlarged, the top of the dome should
be “radiused” with as large a radius as possible, and all
sharp edges usually located around the valve notches
should be removed and smoothed as much as possible,
especially in the piston notch and spark plug relief areas.
Also, don’t use any more dome height than is required.
Stated another way—keep the dome as low as possible. In
summary, a low, round and smooth shape is best for
maximum power.

The vast majority of production engines use flat pistons.
Many high performance racing engines use a domed piston.
The problem is that the domed piston isn’t always best for
performance. The flat piston engine typically makes as
much power as the domed piston engine, if not more. Why?

First, a typical domed piston is heavier than a typical flat
piston. The higher compression ratio of the domed piston
engine means that you have to use racing gasoline rather
than “pump” gas or “blends.” Without racing gas, the
higher compression ratio is wasted and actually results in
lower output. Domed pistons can be made to work, but the
actual shape of the dome is very important. Each engine
family uses a different shape. If reshaping is not done, then
the flat piston will provide more power.

In summary, for most racers and most racing engines, flat
pistons are the best performance choice. However, if good
racing gas is used and the dome is properly shaped, then
domed pistons can be beneficial.

Piston-to-Head Clearance

When putting an engine back together, the most often
overlooked clearance is the distance between the piston and
the cylinder head at top dead center. The minimum piston-
to-head clearance should be .040" (low) and .060“ (high).
Piston-to-head clearance becomes very important in high
compression ratio engines, especially with domed pistons.

This isn’t a good place to gamble. If the piston hits the
cylinder head, it can cause the piston skirts to fail and the
pin locks to beat-out or fail. In some cases, it can cause the
head gasket to blow. Blowing the head gasket or failing a
pin lock isn’t a big failure by itself, but what happens next
can be!

The easiest and most reliable way to check piston-to-head
clearance is to put the piston at TDC with the head installed
and then remove or loosen the connecting rod cap. With a
dial indicator installed parallel to the connecting rod
centerline, the connecting rod and piston assembly can now
be pushed up until the piston touches the cylinder head. The
indicator will read precisely the amount of clearance. If the
clearance is measured without a head gasket, then add in
the gasket thickness for the total installed clearance. Flat
pistons are easier to measure than domed pistons. Modeling
clay can also be used to measure the clearance, but you
should leave an extra 025" clearance (i.e., .080" total) just
to be safe, especially if you like to cut it close.

Valve-to-Piston Clearance

Valve-to-piston clearance is equally important. Engines that
must race in conjunction with 4 or S5-speed manual
transmissions should have the following valve-to-piston
clearances: Intake 0.100” minimum; Exhaust 0.100”
minimum. The valve-to-piston clearance is usually
measured by placing modeling clay on the piston, manually
turning the engine over with the head bolted on, the cam,
lifters, pushrods, etc., adjusted to zero lash, and the cam
properly centerlined. The thickness of the clay left on the
piston is then measured by sticking a steel scale in at the
thin spots. A dial indicator can also be used by using a light,
‘checking’ spring and measuring the actual clearance at
each point in one degree increments from 10degrees before
TDC to 10 degrees after. This second method is more
accurate but takes a little longer. Also keep in mind that if
you change the camshaft centerline, you’ll change valve-to-
piston clearance. Generally, if the centerline is advanced
toward TDC (actual centerline moved from 110° to 106°,
for example), you’ll end up with less clearance. This
clearance should always be measured with a new camshaft
at the proper centerline.

Piston Race Preparation

The performance secrets for pistons are that they be light in
weight and also have a smooth, round top (if it’s a domed
piston). The secret to performance in rings is to get them to
seal to the piston and to the cylinder bore at W.O.T. (Wide
Open Throttle).

For obvious reasons, pistons are not interchangeable
between various engines. Factory pistons have the pin
offset to reduce piston slap. By reversing the offset
(reversing the piston), you can reduce engine friction.

High compression pistons have a large dome that sticks into
the combustion chamber. In some cases this dome will
strike the spark plug and close it up. Therefore, the end of
the plug should be given 1/4" clearance in the shape of a
spherical cup. This will also aid in flame propagation
because the plug will be less shrouded.
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Because of gasoline limitations, compression ratios should
not exceed 12.5:1 for competition; 10.5-11.0:1 for general
off-road use, unless you have access to high quality
premium fuel (103 octane).

The most important consideration about pistons is weight.
Forged pistons are stronger than stock cast pistons and tend
to be equal to or heavier than stock pistons. For racing
purposes, lighter weight is where the performance is.
Forged racing pistons at less than 500 grams can be
obtained. However, they have to be custom made and are
more expensive. Once the piston is lighter, the pin can be
lighter, the rod lighter and the balanced crankshaft lighter.
A word of caution, however! You can go too far and
weaken the piston in a vital area, causing it to fail. This type
of failure tends to make an expensive mess.

There are many clearances related to a racing piston. We
have outlined most of these clearances, such as piston-to-
wall, valve-to-piston, etc. However, many engine builders
forget about the piston-to-head clearance. We suggest .040"
(low minimum) and 060" (high minimum). The problem is
that if the engine builder cuts it too close, say .030", the
piston will hit the cylinder head. This can result in a blown
head gasket, broken pistons, broken pins or pin locks. The
clearance becomes very important in high compression
ratio engines, especially with domed pistons.

Reversing Pistons With Offset Pins

(Refer to Offset Pins later in this section.)

CC'ing the Block

With an ordinary flat-top piston, the block is not cc'd. The
need for cc'ing the block arises only if the piston is domed
or if the valve clearance notches or reliefs are quite large.

COMPRESSION RATIO

Almost everyone talks about compression ratio, but very
few non-professionals really know what it is. The following
procedures show you how to make compression ratio
measurements, plus how to calculate your actual
compression ratio.

The formula for determining compression ratio is as follows:

. . VBDC
Compression Ratio = VIDC

The first step is to look at the cylinder volumes. (See Chart 1.)
This is the volume of one cylinder in cc's.

Chart 1
EA—— Bore x Stroke  Cvl. Head Vol. (cc)
2.5L 4 cyl 3.876x 3.188 616.45
4.0L 6 cyl. 3.88x3.44 666.52
4.21. 6 cyl. 3.75 % 3.895 704.95
591, (360 CID) V-8 4.08 x 3.44 737.00

The volume above the piston at BDC (Bottom Dead
Center) is equal to the piston displacement plus the
chamber volume. (Chamber volume is the volume above
the piston at TDC [Top Dead Center].)

Next, break down the volume above the piston at TDC into
its separate parts. This volume is the total combustion
chamber volume. It consists of four basic parts: cylinder
head volume, gasket volume, piston deck clearance and
piston dish or dome. The head volume is typically measured
separately with the head off the engine. The gasket volume
is a function of its thickness, and that is measured using a
micrometer. Head gasket volumes run in the 10-15 cc range.
(We'll discuss that in more detail shortly.) The deck
clearance and dish or dome measurements are best lumped
togetlher and measured under the 1/2" down fill volume. In
short.,as long as you have a completely flat piston (no dish,
dome or notches), you can measure deck clearance with a
dial indicator and treat it as another (or thicker) gasket. It's
a quick and easy method, but it only works with a flat piston.

The 1/2" down fill volume method for measuring the piston
dish or dome is based on a calculated volume. Refer to Chart 2.

Chart 2
Enaine 1/2" Fill Down Volume Tvpical Head cc's
2.5L 96.68 49.9
4.0L 98.85 64.5
4.2L 90.50 64.5
S9L 107.12 58.6

(360 CID)

With the 1/2" down fill volume method, the piston is
brought to TDC using a dial indicator placed in the middle
(flat spot) of the piston. The piston is then lowered in the
cylinder bore .500" (1/2").

Example: If the original deck clearance was .022" at TDC,
then the piston is lowered to .522" below the deck surface.

Now the piston is sealed and the cc's are measured similar
to the cylinder head. Once you have the actual, measured
1/2"down fill volume, you can compare it to the one listed
in Chart 2.
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The best way to show the aspects of this number is by
example. Let's assume that you have a 4.0L In-Line 6
cylinder engine which shows a 98.85 cc volume for its 1/2"
down number. If you have a flat piston at zero deck, you
would measure 98.85 cc for your 1/2" down fill volume. If
you have a 15 cc dish in the piston, you would measure
113.85 cc. On the 4.0L, the typical (stock) deck clearance is
.022" below, which calculates to 4.35 cc. Therefore, if your
dished piston was actually .022" down, then the measured
volume would be [18.2 cc.

If you have valve notches in addition to these other features
that are large enough to hold 3 cc for the intake and 2 cc for
the exhaust, then the total volume would be 123.2cc. If you
switch pistons to a 10 cc dome design and keep your 3 and
2 cc valve notches and the .022" below deck (deck
clearance is measured to the flat of the piston, not the top of
the dome), what is your resulting volume'? First, the 98.85
stays the same. The 15 cc dish disappears and is replaced by
a negative 10 cc (-10) resulting in 88.85. The deck is the
same so that adds 4.35, and the notches are the same at 5 cc
total. Therefore, the end result would be 98.2 cc.

Now run through a compression ratio calculation. (Use the
4.0L engine and the 15 cc dished piston example just
discussed.) You measured 123.2 cc for your 1/2" down fill
volume (ordinarily you don't know how big the dish is or
how large the notches are. so the total volume is all you
know). List your measurements (known data): Head —64.5
cc, Cylinder volume — 666.52 cc, Gasket thickness —.065",
1/2" down fill volume- 123.2 cc.

First you need to convert the gasket thickness into a cc
volume. This is easily done by multiplying the gasket
thickness by the 1/2" down fill volume, and then multiply
that answer by 2. (In this example, .065 x 98.85 x 2 =4.35
cc.) The piston volume is found by subtracting the two 1/2"
down fill volumes (123.2 - 98.85 = 24.35). This is a
'positive’ volume since it is larger than the calculated
volume from Chart 2. The total combustion chamber
volume is 64.5 + 4.35 + 24.35 = 93.20 cc. This is the
volume above the piston at TDC. The volume above the
piston at BDC is equal to 666.52 + 93.20 = 759.72 cc.
Therefore, the actual compression ratio for this example is
759.72 + 93.20 = 8.15.

Measuring 1/2" Down Fill Volume

With an ordinary flat top piston, the block is not cc'd. The
need for cc'ing arises only if the piston is domed or if valve
clearance notches or reliefs on the piston top are quite large.
The same basic technique is followed in either case.
Assuming that part of the piston protrudes above the block,
choose some common measurement, say 1/2" (.500"), and
rotate the crankshaft until the piston (with piston rings
installed) has lowered itself from top dead center (TDC) by
this amount. (If not 1/2", a measurement must be chosen
that will ensure that the entire piston is below the block's
deck.) This amount should be measured very accurately by

a dial indicator. The piston should now be sealed to the
cylinder wall with a thin film of light grease, being careful
not to have any grease extend past the top of the piston. A
flat piece of Plexiglas with a hole drilled through it should
now be placed over the cylinder bore and also sealed with
a thin film of light grease. With a burette (graduated in cc's)
containing colored fluid, fill the cylinder. By knowing the
cc's that were added to the cylinder, and by knowing the
amount that the piston was lowered from TDC, the volume
of piston's dome (or "dish") can be calculated.

PISTON RINGS

Note: For piston ring availability and recommended usage,
refer to the Cast Pistons und Rings chart earlier in this section.

The subject of piston rings seems to come and go as a hot
spot for performance activity. Piston rings obviously have
to do their job if the engine is going to do its job—make
power. By the same token, piston rings cause very few
problems by themselves. If there's a problem with a ring,
it's usually caused by something else such as the engine
builder. We've all broken rings trying to get them on to the
piston or when putting the whole assembly into the engine.
We'll be more careful next time, but we still broke the ring.
This isn't the ring's fault. With the ring causing so few
problems once installed, why try to fix it? New inventions
burst upon the scene and everyone tries them. They then
fall back into their position and everything quiets down
again. Rings today are in this position.

Basically there are three styles of "trick' race rings: Dykes,
Headland and gas ports. A Dykes ring is an L-shaped ring
that we've used in Hemi engines since the 1960s. The
Headland is a bigger section Dykes that's located right at the
top of the piston. They're usually used with flat-top pistons.
Both require custom cut ring grooves, so they typically
require special pistons. Gas ports are typically used with
very thin rings —043" or .031". Gas ports do work, but they
load the cylinder walls very heavily and tend to wear out
quickly. The Headland ring works best at lower speeds. The
Dykes ring works best at high speeds. The moly-coating
works best on any of the rings, but you cannot butt the ring
ends under load or the ring seal will be gone. You can't take
chances with too tight a ring gap with a moly-coated ring. In
spite of this, moly-coated rings are still preferred.

The main action today in piston rings by volume is in the
5/64" and 1/16"designs. They are NOT interchangeable. The
5/64" is the production ring and fits on the production piston.
The 1/16" ring is a race/performance ring and only fits on
aftermarket race/performance pistons that are cut for that
style ring. Typically, all domed pistons use this ring style.

One of the characteristics of the ring that is often overlooked
is the clearance of the ring in the piston's ring groove. It is
important to keep this to a minimum. Also, check the side
view of the groove to be sure that it hasn't been worn into a
V-shape where the clearance is at a minimum.
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In summary, the secret with piston rings is to get them to seal
to the piston and the bore at W.O.T. (wide open throttle).

Basic Piston Ring Preparation

The basic preparation of the piston rings should consist of
the following steps.

1. Check ring grooves for burrs, then for proper side
clearance. Side clearance of the ring in the piston
groove is very important and can be checked with a
feeler gauge. Be sure that a used piston’s groove isn’t
worn in the shape of a wedge. It doesn’t do any good
to seal the ring to the cylinder wall if it isn’t sealed to
the piston groove.

2. Check ring end gap against specification. DO NOT in
any case exceed specifications as this will allow too
much blow-by, causing power loss andlor allowing too
much oil to reach the combustion chamber which can
cause detonation. The ring gap ends must be square
and parallel.

3. Use a fine stone to deburr rings and tojust barely break
edges on end gaps. Break the edges using #600 paper,
but DO NOT chamfer.

4. DO NOT install rings that were made for a larger bore.
A special .005" oversize ring is best for lowering the
ring end gap. In stock-type rings, low tension is
important to lowering engine friction and increasing
the engine’s output. When you are gapping the rings in
the bore, light-check them for being oval. Oval rings in
a round bore will only seal in a couple of places, and
therefore the engine won’t make any power. Oval rings
are the result of installing rings that are .020" (or more)
larger than the bore.

5. Clean all parts before proceeding.

PISTON PIN

The piston pin rotates in the piston only, and is retained by the
press interference fit of the piston pin in the connecting rod.

Removal

Piston pins are press fit into the connecting rods and require
no locking device.

1. Position the piston and connecting rod assembly on an
arbor press.

2. Apply force to a piloted driver and press the pin
completely out of the connecting rod and piston
assembly (Figure 2-49). Note position of the pin
through the gauge window of removal support tool.

Inspection

1. Inspect the piston pin and pin bore in the connecting
rod for nicks and burrs. Remove as necessary. Never
reuse a piston pin after it has been installed in and then
removed from a connecting rod.

2. With the pin removed from the piston and connecting
rod, clean and dry the piston pin bore and the
replacement piston pin.

3. Position the piston so that the pin bore is in a vertical
position. Insert the pin in the bore. At room
temperature, the replacement pin should slide
completely through the pin bore in the piston by force
of gravity.

4. Replace piston if pin jams in the pin bore.
Installation

1. Insert the piston pin pilot through the piston and
connecting rod pin bores. Ensure that the arrow on the
piston crown is pointing up (Figure 2-SO).

2. Position the pin pilot, piston and connecting rod on a
support with the squirt hole of the connecting rod to the
left-hand side (Figure 2-50).

3. Insert the piston pin through the upper piston pin bore
and into the connecting rod pin bore (Figure 2-49).

4. Position the piloted driver inside the piston pin
(Figure 2-49).

5. Using an arbor press, press the piston pin through the
connecting rod and piston bores until pin pilot indexes
with the mark on the support. The piston pin requires
an 8900 N (2,000 pounds) press-fit. If little effort is
required to install the piston pin in the connecting rod,
or if the rod moves laterally on the pin, the connecting
rod must be replaced.

6. Remove the piston and connecting rod assembly from
the press. The pin should be centered in the connecting
rod (£ 0.792 mm or + 0.03127).

T 1T
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Offset Pins

It’s commonly known that you can turn pistons around. The
piston, when originally made, had an offset pin. This offset
pin makes the engine run quieter. By reversing the piston (the
arrow on the top of the piston now points fo the rear of the
engine instead of the front [stock] installation position), you
reverse the centerline placement of the pin. This makes the
engine noisier, but it will also produce a little more torque.

This is a gray area for most types of racing because the
rules usually state only that stock pistons must be used, not
whether or not their installed positions can be changed.
Being a political situation, it’s up to the racer to decide if he
wants to chance it.

Pin Coatings

Special coatings on engine parts are becoming more and
more popular. On low stressed or non-moving parts these
coatings don’t seem to cause any problems. However, their
actual value can be debated.

The top of the piston has been a popular area to apply
coatings to, as have headers. For the most part, these two
don’t cause problems. Problems seem to come in relative to
highly stressed, moving parts such as piston pins and
connecting rods. There are some areas such as valve tips,
rocker arms, and rocker shafts that could benefit from
coatings, but we know of no specific one for the job that’s
proven successful at this time. There are so manyj, it’s hard
to evaluate them all.

One problem area, however, can be the piston pin. Most
people wouldn’t coat their connecting rods with anything
other than engine oil and would be wary of any connecting
rod that they found to be coated if it looked or felt different.
This same sharpness and attention doesn’t seem to apply to
the pin. The pin may not move as much as the connecting
rod, but it sure is highly stressed! We all know what
happens if the pin fails. To us this sounds like a bad area to
gamble in. In general, piston pin failures are pretty rare, and
Mopar Performance Parts has never recommended
“coating” the pin. We still don’t, but let’s analyze what the
coatings will do to the pin. We’ll keep it general because of
the number of possible coatings.

Since the pin is made of steel or tool steel and the piston is
aluminum, the ends of the pin that ride in the piston aren’t
likely to be affected from a lubrication standpoint. A
coating could affect the metallurgy of the pin and weaken
it, but this is hard to cover in a general discussion. With a
floating pin, there’s a bushing in the small end of the
connecting rod. Given proper clearance with the connecting
rod and the characteristics of the bushing material, coatings
shouldn’t cause any problems with a floating pin.

However, with a pressed pin, an interference fit between the
steel connecting rod and the steel pin is what holds the pin
in place. Engine coatings are usually designed for friction
reduction. Heat barrier coatings are used on pistons, but

shouldn’t be considered for piston pins (we hope)!
Applying a coating to a pressed pin weakens the
interference fit and allows the pin to slide out with the
obvious disastrous results. More interference might help,
but now the small end of the connecting rod may become
overstressed due to the excessive press. You may even
break the parts (pin and/or connecting rod) on assembly.

Probably the easiest way to visualize this is the old “STP
test.” Anyone can pick up a blade-type screwdriver between
their fingertips. Apply STP and it slides out. Apply a coating
to the pin and the pin slides out also. Solution —don’t apply
coatings to piston pins. Engine oil (or STP, etc.) is not a
coating. Moral of the story—if you use trick coatings and
have an engine failure, don’t blame the engine parts!

Pin Oiling

There are many ways to oil a piston pin. There are also two
types of piston pins: pressed and full floating. The piston
may oil the pin with a vertical hole in the pin tower, a slot
in the pin bore, or a hole from behind the O-ring groove,
along with several other designs. Each piston manufacturer
has its favorite. There is no right or wrong way to do it. But
there has to be some pin oiling. If you don’t have enough,
the pin will scuff. This may mean that the hole isn’t big
enough, not that the hole or slot is in the wrong place. Over
the last 20 years we have rarely seen pin scuffing if good oil
is used and the engine is properly maintained. Full floating
pins seem to be less likely to scuff in the piston. They will
scuff if the pin clearance is too small. They will also scuff
if a poor/bad oil is used or run for long periods of time.

The most likely area for problems related to pin oiling is on
supercharged engines, turbocharged engines and perhaps
engines with big loads of nitrous oxide. Talk to the actual
piston manufacturers (TRW, Venolia, Ross, etc.) for more
details on why the company chose its particular style.




158 MOPAR PERFORMANCE PARTS

PISTON AND CONNECTING ROD ASSEMBLY

Removal

1. Remove the cylinder head cover. Refer to Cylinder
Head Cover Removal, ‘Cylinder Head’ section of this
chapter for the procedure.

2. Remove the capscrews, bridge and pivot assemblies
and rocker arms. Alternately loosen the capscrews, one
turn at a time, to avoid damaging the bridge. Retain
them in the same order and position as removed to
facilitate installation in their original locations.

3. Remove the pushrods. Retain them in the same order
and position as removed to facilitate installation in
their original locations.

4. Remove the cylinder head and gasket. Refer to
Cylinder Head Removal, ‘Cylinder Head’ section of
this chapter for the procedure.

5. Position the pistons one at a time near the bottom of the
stroke and use a ridge reamer to remove the ridge from
the top end of the cylinder walls. Use a protective cloth
to collect the cuttings.

6. Drain the engine oil.

7. Remove the oil pan, gasket and seals. Refer to the
proper service manual for the procedure.

8. If equipped, remove the main bearing cap brace
(Figure 4-6).

9. Remove the connecting rod bearing caps and inserts.
Retain them in the same order as removed to facilitate
installation in their original location. The connecting
rods and caps are stamped with a corresponding
number or letter combination.

Caution: Ensure that the connecting rod bolts DO
NOT scratch the crankshaft journals or cylinder walls.
Short pieces of rubber hose, slipped over the connecting
rod bolts, will provide protection during removal.

10. Remove the connecting rod and piston assemblies
through the top of the cylinder bores (Figure 4-12).

CONNECTING PISTON

ROD
S

BLOCK

18909-166

Figure 4 - 12
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Inspection

1.

Connecting Rod Bearings

Inspect the connecting rod bearings for scoring and
bent alignment tabs. Check bearings for normal wear
patterns, scoring, grooving, fatigue and pitting.
Replace any bearing that shows abnormal wear.

Inspect the connecting rod journals for signs of
scoring, nicks and burrs.

Connecting Rods

Misaligned or bent connecting rods can cause
abnormal wear on pistons, piston rings, cylinder walls,
connecting rod bearings and crankshaft connecting rod
journals. If wear patterns or damage to any of these
components indicate the probability of a misaligned
connecting rod, inspect it for correct rod alignment.

Replace misaligned, bent or twisted connecting rods.

Cylinder Bore Measurement

Refer to 'Block' section of this chapter for the procedure.

Fitting Pistons-Bore Gauge Method

To correctly select the proper size piston, a cylinder bore
gauge capable of reading in 0.003 mm (.0001")
INCREMENTS is required. If a bore gauge is not available,
DO NOT use an inside micrometer.

1.

Measure the inside diameter of the cylinder bore at a
point 49.5 mm (1-15/16") below top of bore. Start
perpendicular (across or at 90 degrees) to the axis of the
crankshaft at point A and then take an additional bore
reading 90 degrees to that at point B (Figure 2-34).

Coated pistons, piston pins and connecting rods are
pre-assembled. The coated piston and connecting rod
assembly can be used to service previously built
engines; however, they MUST be replaced as complete
sets. Tin coated pistons should not be used as
replacements for coated pistons.

The coating material is applied to the piston after the
final piston machining process. Measuring the outside
diameter of a coated piston will not provide accurate
results. Therefore measuring the inside diameter of the
cylinder bore with a dial bore gauge is MANDATORY.
To correctly select the proper size piston, a cylinder
bore gauge capable of reading in 0.003 mm (.0001")
increments is required.

Piston installation into the cylinder bore requires
slightly more pressure than that required for non-
coated pistons. The bonded coating on the piston will
give the appearance of a line-to-line fit with the
cylinder bore.

Piston Size Chart
Cylinder Bore Piston Letter
Size Size

98.438 to 98.448 mm A
(3.8755 to 3.8759")

08.448 to 98.458 mm B
(3.8759 to 3.8763")

98.458 to 98.468 mm C
(3.8763to0 3.8767")

98.468 to 98.478 mm D
(3.8767 to 3.8771")

98.478 t0 98.488 mm E
(3.8771 to 3.8775")

98.488 t0 98.498 mm F
(3.8775 to 3.8779")

Fitting Rings

1.

Carefully clean the carbon from all ring grooves. Oil
drain openings in the oil ring grooves and pin boss
must be clear. DO NOT remove metal from the
grooves or lands. Doing so will change ring-to-groove
clearance and will damage the ring-to-land seating.

Measure the ring side clearance with a feeler gauge fit
snugly between the ring land and ring (Figure 4-13 and
Figure 4-14). Rotate the ring in the groove. It must
move freely around the circumference of the groove.

Ring Side Clearance Measurement

Top Compression Ring 0.042 to 0.084 mm
(0.0017 to 0.0033")
Second Compression Ring 0.042 to 0.084 mm

(0.0017 to 0.0033")

0.06 to 0.21 mm
0.0024 to 0.0083")

Oil Control Ring

Place ring in the cylinder bore and push down with an
inverted piston to position near lower end of the ring
travel. Measure ring gap with a feeler gauge fit snugly
between ring ends (Figure 2-39).

Ring Gap Measurement

Top Compression Ring 0.229 t0 0.610 mm

(0.0090 to 0.0240")

0.483 t0 0.965 mm
(0.0190 to 0.0380")

0.254 to 1.500 mm
(0.010 to 0.060")

Second Compression Ring

Oil Control Ring

ey . -
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4. Referto Figure 2-48 for position of the ring gaps when
installing piston rings.

5. The oil control rings are symmetrical, and can be
installed with either side up. It is not necessary to use
a tool to install the upper and lower rails. Insert oil rail
spacer first, then side rails.

6. The two compression rings are different and cannot be
interchanged. The top compression ring can be identified
by the shiny coating on the outer sealing surface and can
be installed with either side up. (Figure 2-45).

FEELER
GAUGE

7. The second compression ring has a slight chamfer on
the bottom of the inside edge and a dot on the top for
correct installation (Figure 2-46).

8. Using a ring installer, install the second compression
ring with the dot facing up (Figure 2-47).

9. Using a ring installer, install the top compression ring
(either side up).

805dd887

10. Position the gaps on the piston as shown in Figure 2-48.

Ring Gap Orientation Figure 4 - 14
e  Qil spacer-Gap on centerline of piston skirt. .
P P P Installation

e Oil rails-gap 180° apart on centerline of piston
pin bore. Each bearing insert is selectively fitted to its respective
journal to obtain the specified operating clearance between

 No. 2 Compression ring-Gap 180" from top oil the bearing and the journal. In production, the select fit is

rail gap. obtained by using various-sized, color-coded bearing
e No. | Compression ring-Gap 180" from No. 2 inserts as listed in the Connecting Rod Bearing Fitting
compression ring gap. Chart (Figure 4-15). The color code appears on the edge of

the bearing insert. The size is not stamped on inserts used
for production of engines.

GROOVE HEIGHT

The rod journal is identified during the engine production

A 1.530-1.555 mm (0.0602-0.0612 in) by a color-coded paint mark on the adjacent cheek or
B 4.035-4.060 mm (0.1589-0.1598 in)

counterweight toward the flanged (rear) end of the
crankshaft. The color codes used to indicate journal sizes
are listed in the Connecting Rod Bearing Fitting Chart
(Figure 4-15).

When required, upper and lower bearing inserts of different
sizes may be used as a pair. (Refer to Connecting Rod
Bearing Fitting Chart [Figure 4-15].) A standard size insert
is sometimes used in combination with a 0.025 mm (0.001")
undersize insert to reduce clearance 0.013 mm (0.0005").

Caution: DO NOT intermix bearing caps. Each
connecting rod and its bearing cap are stamped with either
an associated cylinder number or letter combination on a
machined surface adjacent to the oil squirt hole that faces
the camshaft side of the cylinder block.

Figure 4 - 13
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Clean the cylinder bores thoroughly. Apply a light film of
clean engine oil to the bores with a clean, lint-free cloth.

Install the piston rings on the pistons if removed. Refer
to Piston Ring Installation, in this section for the
proper procedure.

Lubricate the piston and rings with clean engine oil.

Caution: Ensure that connecting rod bolts DO NOT
scratch the crankshaft journals or cylinder walls. Short
pieces of rubber hose slipped over the connecting rod
bolts will provide protection during installation.

Use a piston ring compressor to install the connecting
rod and piston assemblies through the top of the
cylinder bores.

Ensure the arrow on the piston top points to the front
of the engine.

Note: For racing applications, refer to Reversing
Pistons with Offset Pins, in this section.

10.
11.

12.

Raise the vehicle.

Install the connecting rod bearing caps and inserts in
the same positions as removed.

Caution: Verify that the oil squirt holes in the rods
face the camshaft and that the arrows on the pistons
face the front of the engine.

If equipped, install the main bearing cap brace (Figure
4-6). Torque nuts to 47 Nem (35 ft-1bs).

Install the oil pan and gaskets. Refer to the proper
service manual for procedure.

Lower the vehicle.

Install the cylinder head, pushrods, rocker arms,
bridges, pivots and cylinder head cover. Refer to
‘Cylinder Head’ and ‘Camshaft and Valve Gear’
sections of this chapter for procedures.

Fill the crankcase with engine oil.

CONNECTING ROD BEARING FITTING CHART

CORRESPONDING CONNECTING ROD ARIN INSERT
Color Code Diameter Upper Insert Size Lower insert Size
Yellow 53.2257-53.2079 mm Yellow - Standard Yellow - Standard
(2.0955-2.0948 in.)
Orange 53.2079 - 53.1901 mm Yellow - Standard Blue - Undersize
(2.0948 - 2.0941 in.) 0.025 mrn (0.001 in.)
0.0178 mm (0.0014 in.)
Undersize
Blue 53.1901 - 53.1724 mm Blue - Undersize Blue - Undersize
(2.0941 - 2.0934 in.) 0.025 mm (0.001 in.) 0.025 mm (0.001 in.)
0.0356 mm (0.0014 in.)
Undersize
Red 52.9717 - 52.9539 mm Red - Undersize Red - Undersize
(2.0855 - 2.0848 in.) 0.254 mm (0.010 in.) 0.254 mrn (0.010 in.)
0.254 mm (0.010 in.)
Undersize
Figure 4 - 15
T 7171
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Cylinder Head

INTRODUCTION

One of the most important parts of any engine assembly is
the cylinder head. It holds the key to making power. It also
offers the opportunity to make more horsepower.
Camshafts, headers, and carburetion can only go so far
making horsepower without the cylinder head. Cylinder
heads can be expensive; however, this may be one place in
the engine where spending the extra money is worth it.

The 4.0L engine uses a cast iron cylinder head with a
combustion chamber volume of 64.45-67.45 cc. It contains
twelve valves made of chrome plated heat resistant steel,
valve stem seals, springs, retainers and keepers. The
cylinder head, valve seats and guides can be resurfaced for
service purposes.

The cylinder head has a quench-type combustion chamber
that creates turbulence and faster burning of the air/fuel
mixture, resulting in good fuel economy. Valve lengths are
(for intake) 122.4-122.8 mm (4.822-4.83"), and (for
exhaust) 122.8-123.2 mm (4.837-4.852”).

For more cylinder head specifications, refer to 4.0L Engine
Specifications, ‘Engine Assembly’ section of this chapter.

SELECTION

Fifteen years ago, cylinder head selection was very limited,
so the picking process was pretty easy. Today, this situation
has reversed. Aftermarket suppliers today offer many types
of cylinder heads with different materials, different valves,
bigger ports, different valve gear, unique combustion
chambers, revised valve angles and locations, etc. The good
news is the engine builder or racer has more to choose
from, but the bad news is he must make a choice!

With so many heads to choose from, we have to find a
method of choosing the head that we want. Descriptions
such as “Race,” “Street,” or “Stock” are no longer
adequate. There are many comparisons that can get a
customer to choose the wrong head, or spend money that he
didn’t have to. We can’t solve all these problems, but we
can help clarify the situation.

One of the biggest mistakes that a racer can make is to
mix-and-match features. This approach can be very
expensive and is best left to the professional engine builder.
So for this discussion, we will assume that we can do valve
work or even porting, but we don’t want to re-machine our
cylinder heads.

The key to making any major selection for a race engine
(such as a cylinder head) is to list your priorities. To keep it
simple, answer the question, “Why do you want new heads
and what do you think they are going to do for you?’ The
answer should be your top priority. The second thing to
consider is sequence. If you have five questions or concerns
(I through 5) and you ask them in sequence (1 through 5),
you may end up with an answer. However, if you reverse
the process and ask the same questions in the reverse order
(5 through 1), you may end up with more questions! Mopar
Performance Parts wants to help you pick the best head for
your application. Other sources/articles want to sell you the
head that they happen to have or are discussing. That is the
trap that you tend to fall into when you look at the specifics
on any given head. But now that there are so many, you
need to look at the overall picture.

Regarding cylinder heads, the FIRST decision that you
should make is material: cast iron or aluminum? There are
so many of both kinds with so many different features that
you need to make this choice up-front. Aluminum heads are
lighter, more expensive, and offer repairability. Cast iron
heads are less expensive, more durable, heavier, and put up
with more abuse. In general, aluminum heads take heat out
of the combustion chamber, so an engine will act like it has
lost 1.5 to 2 points of compression ratio. Therefore, if you
had an 8.0:1 compression ratio cast iron head engine, you
would have to run an aluminum head at 10.0:1 (estimated).

The second decision is combustion chamber shape. Most
cast iron heads have the same chamber shape as production,
but there are exceptions. Almost all aluminum heads are
different. The trick here is the piston. If the piston has a
dome on it or if it sticks above the deck surface, then you
MUST have a head that will work with your dome. Most
domed pistons are designed for a production cast iron
combustion chamber. If you have a flat piston, then you are
OK. ’Yes, you can replace the pistons, but this is an added
expense and could cost up to $1,000 or more. If in doubt,
go back to your priorities list and write down the cost.

The third decision is valves. There are several aspects of
valves, but the most obvious is diameter. Bigger is better,
right? Well, almost! Bigger also means bigger valve
notches in the piston. This is a machining operation that can
be added to the piston, but cost must be considered. Add the
cost to your list. Bigger diameters can also hit the bore wall.
Bore walls can be notched, but this is not your first choice.
You also get more shrouding if you use big valves on small
bore sizes. Valve location and valve angle must also be
considered. Not only is the dome related to these valve
aspects, but also the valve notches. They must be fixed to
give the proper clearance. Even a flat piston can be a
problem if there is no material under the piston top where
you want to put the new notches.
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The most popular performance aspect of cylinder heads is
air flow or cfm. Although you should consider both intake
and exhaust flow when evaluating a head, only the intake
tends to be considered by most racers. Additionally, mid-
lift flow and “area under the curve” numbers are more
important than the peak flow number, although peak flow is
the “popular” number. (Refer to Evaluating Cylinder Head
Air Flow,later in this section, for more information.)

Valve gear is a very complicated area. You must have
something that works. Since it must work with the head and
the block that you are using, you must consider it. Heads
can be very expensive. If you are building a new engine,
you can get any system you want, it just costs money. But
if you have a valve gear system already that you want to
use, or you have an existing engine that you want to install
the head on to, then you should consider the valve gear.
New valve gear could cost as little as a few hundred dollars
or as high as $2,500 (or more). Although the valve gear for
cast iron heads tends to be the most readily available and
the least expensive, there may be aluminum heads also
available that can use all or some of the same hardware.

Intake manifolds can also be very expensive. Big intakes
take big intake manifolds. Exhaust port flanges may change.
Standard production intake/exhaust gaskets (P4529243) are
readily available from Mopar, or easily modified from
existing parts. If a special gasket is required and it is only
available from one, non-Mopar source, be careful.

Although the valve cover is not changed very often
(because of the added expense and complexity), there are
cases where the valve cover shape was changed and the old
cover will NOT fit on a new head. Be sure to check this out
before you buy!

Cylinder head attaching hardware is rarely changed. However,
in some cases the head bolts may have been changed. Find out
before you buy—this can be a hidden expense.

The cylinder head must get oil under pressure. Some cases
require external oiling. Oil returns are never talked about
but are necessary. Drag racers don’t usually consider oil
returns, but they should.

An aluminum head is about 20 pounds lighter than a typical
cast iron head. Most cast iron heads for a given engine
weigh the same. A heavier cast iron head would certainly
not be desired. Some aluminum heads may only be five to
ten pounds lighter than a production cast iron head, but this
is usually caused by added “features.”

Finally, we have the camshaft. You might ask what the
camshaft has to do with the cylinder head. The camshaft
determines how much lift you are going to use. If you use
.600" or less, then you don’t want big port windows and
extra big valves. If the vehicle is heavy, you also DO NOT
want big ports and big valves. If you have large

displacements, then you almost have to have large ports and
big valves. There are solutions to some of these problems,
but they cost more money.

What does all this mean? If you make the material choice
first (aluminum or cast iron) then consider pistons and
camshaft lift, the decision is made by adding up the costs.
Refer the total cost back to your priorities list and you
should have the best answer for you and your race vehicle.
There are so many ways to get high flow today that you
cannot consider air flow only and expect to choose the right
head. As more heads come on to the market and more fea-
tures are added to each version, this process will become
even more important.

CYLINDER HEAD REMOVAL AND INSTALLATION
PROCEDURES

Removal

The following procedure can be performed with the engine
in or out of the vehicle.

Warning! DO NOT remove the cylinder block drain plugs
or loosen the radiator draincock with the system hot and
pressurized because serious burns from the coolant can
occur.

1. Drain the coolant and disconnect the hoses at the
thermostat housing. DO NOT waste reusable coolant.
If the solution is clean and is being drained only to
service the engine or cooling system, drain the coolant
into a clean container for reuse.

2. Remove the air cleaner.
3. Remove the fuel pipe and vacuum advance hose.

4. Remove the cylinder head cover. Refer to Cylinder
Head Cover Removal, in this section for the procedure.

5. Remove the capscrews, bridge and pivot assemblies
and rocker arms. Alternately loosen each capscrew one
turn at a time to avoid damaging the bridge.

6. Remove the pushrods. Retain the pushrods, bridges,
pivots and rocker arms in the same order as removed to
facilitate installation in their original locations.

7. Loosen the alternator drive belt and remove the
alternator bracket-to-cylinder head mounting bolt. The
serpentine drive belt tension is released by loosening
the alternator.

8. Disconnect the power steering pump bracket. Set the
pump and bracket aside. DO NOT disconnect the hoses.



164 MOPAR PERFORMANCE PARTS

9. Remove the intake and exhaust manifolds from the
cylinder head. Refer to the service manual for the
proper procedures.

10. If equipped with air conditioning, perform the following:

a. Remove the air conditioner compressor bracket
bolts from the cylinder head.

b. Remove the bolts from the A/C compressor
mounting bracket and set the compressor aside.

c. Loosen the through bolt at the bottom of the bracket.
11. Disconnect the ignition wires and remove the spark plugs.

12. Disconnect the temperature sending unit wire
connector and battery negative cable.

13. Remove the ignition coil and bracket assembly.

14. Remove the cylinder head bolts. Bolt No. 14 cannot be
removed until the head is moved forward (Figure 4-
16). Pull bolt No. 14 out as far as it will go; then
suspend the bolt in this position (tape around the bolt).

15. If this was the first time the bolts were removed, put a
paint dab on the top of each bolt. If the bolts already
have a paint dab on the top or you don’t know if they
were used before, discard the bolts.

16. Remove the cylinder head and gasket (Figure 4-16).

CYLINDER
MEAD BOLTS

CYLINDER
HEAD GASKET

HEAD J9009-55

Figure 4 - 16
Cleaning and Inspection

Thoroughly clean the machined surfaces of the cylinder
head and block. Remove all gasket material and cement.

Remove any carbon deposits from the combustion
chambers and top of the pistons.

Use a straightedge and feeler gauge to check the flatness of
the cylinder head and block mating surfaces. Refer to 4.0L
Engine Specifications, ‘Engine Assembly’ section of this
chapter, for more information.

Heavy Duty Cylinder Head Gasket

The single, heavy duty head gasket is designed for the
4.0L engine (only). Can be used as replacement.

P4529242 Heavy duty cylinder head gasket.

Preparation

The basic cylinder head preparation should be checked out
and reworked in accordance with the following procedures.

1. The cylinder head should be “cc’d” and the volume
compared to specifications. Any milling that is required
should be done, and the chamber volume rechecked.

2. The head should be checked for squareness and for any
cracks or flaws. The valve guides should also be
checked for wear and replaced if necessary.

3. Heads with a seat runout of less than .001" should have
a valve job done. Refer to ‘Camshaftand Valve Gear’
section of this chapter for more information.

4. The head should be installed on the block without the
head gasket to check dowel pin height. Dowel pins
should NOT hold the head up off the block surface; they
should only locate the head over the cylinder bores.

5. When high lift camshafts are installed in production-
based engines, the keepers may hit the valve guide. This
should be checked at the cam’s maximum lift. The guide
should be shortened to give .100" clearance between the
top of the guide and the bottom of the keepers.

6. When dual valve springs are used, the inner spring seat
may have to be cut down flush with the outer spring seat.

7. Check the cylinder head oiling hole. Be sure that it is
open and that the drill didn’t break off and remain in
the hole. Check the block for a similar hole, both sides.
The camshaft bearing holes should line up with the
cylinder head oiling holes and not restrict them. It is
NOT recommended that oil to cylinder heads and valve
gear be restricted.
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To ensure engine gasket sealing, proper surface
preparation must be performed, especially with the use
of aluminum engine components and multi-layer steel
cylinder head gaskets.

NEVER use the following to clean gasket surfaces:
e A metal scraper

®  An abrasive pad or paper

® A high speed power tool or wire brush

Note: Multi-Layer Steel (MLS) head gaskets require a
scratch-free sealing surface.

ONLY use the following for cleaning gasket surfaces:
e  Mopar Brake and Parts Cleaner (or equivalent)
® A plastic or wood scraper

The latest tech trend in Stock and Super Stock racing is
to “cc” the ports —both intake and exhaust. This isn’t a
technique to increase performance; rather, it’s a
measurement technique used by the NHRA and IHRA
at the tech barn. They have a cc number for the port
volume and your cylinder heads will be checked
against that number.

Installation

If the cylinder head is to be replaced and the original valves
used, measure the valve stem diameter. Only standard size
valves can be used with a service replacement cylinder head
unless the replacement head valve stem guide bores are
reamed to accommodate oversize valve stems. Remove all
carbon buildup and reface the valves. Refer to ValveRefacing,
‘Camshaft and Valve Gear’ section for the proper procedure.

1.

Install the valves in the cylinder head using replacement
valve stem oil seals (Figure 4-17). There are markings
on the top of the seals indicating intake valve (INT) or
exhaust valve (EXH). Refer to Valve and Valve Spring
Removal and Installation, ‘Camshaft and Valve Gear’
section of this chapter for the proper procedures.

Transfer all attached components from the original
cylinder head that are not included with the
replacement head. DO NOT install the temperature
sending unit until coolant is installed. This permits
trapped air to escape from the cylinder block and head.
Refer to the service manual for the proper procedure.

Caution: DO NOT apply sealing compound on the
cylinder head and block gasket surfaces. DO NOT
allow sealing compound to enter the cylinder bore.

Coat the cylinder bores with clean engine oil.

4. Install the cylinder head. Tighten the bolts in sequence

(Figure 4- 18) as follows:

Caution: Cylinder head bolts should be reused only

once. Replace head bolts if they have either a paint dab

on the top of the bolt, or it is unknown if they were
previously used.

a. Coat the threads of the stud bolt in the No. 11
position with Loctite 592 sealant, or equivalent,
before installation.

b. Tighten all cylinder head bolts to 29 Nom (22 ft-1bs)
torque using the tightening sequence.

c. Tighten all cylinder head bolts to 61 Nem (45 ft-1bs)
torque using the tightening sequence.

d. Recheck all cylinder head bolts at 61 Nom (45 ft-1bs)
torque using the tightening sequence.

e. Tighten all cylinder head bolts (except No. 11)to
149 Nem (110 ft-1bs) torque, and tighten bolt No.
11 to 135 Nem (100 ft-lbs) torque using the
tightening sequence.

Note: Clean and mark each bolt with a dab of paint

after tightening. Should you encounter a set of bolts

which were painted during an earlier servicing
operation, replace them!
Cylinder Head Bolts
POSITION DESCRIPTION
1,4,512,13 1/2in.-13 BOLT
8,9 1/2in.-13 BOLT WITH DOWEL
POINT
2,3,6,7,10,11,14 | 1/2in-13 WITH 7/16 in.-14 STUD
END

11.

12.

Connect the battery negative cable.

Install the ignition coil and bracket assembly.

Install the spark plugs and connect the ignition wires.
Tighten the spark plugs to 37 Nem (27 ft-1bs) torque.

Attach the air conditioner compressor mounting
bracket to the cylinder head, if removed.

Install the intake and exhaust manifolds. Use the
correct tightening sequence. Refer to the service
manual for the proper procedures.

. Install the alternator bracket bolt on the head. Install

the alternator belt and adjust the tension.

Install the power steering bracket and pump. Adjust the
belt tension. Refer to the service manual for drive belt
(including serpentine) adjustment procedures.

Install the pushrods in the order removed.
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13. Install the rocker arms and the bridge and pivot
assemblies in the order removed. Loosely install the
capscrews for each bridge and tighten alternately one
turn at a time to avoid damaging the bridge. Tighten
the capscrews to 28.5 Nem (21 ft-Ibs) torque.

14. Install the cylinder head cover.

15. Connect the hoses to the thermostat housing and fill the
cooling system to the specified level. Refer to the
service manual for the proper procedure.

16. The automatic transmission throttle linkage and
cable must be adjusted after completing the cylinder
head installation. Refer to the service manual for the
proper procedure.

17. Install the temperature sending unit and connect the
wire connector.

18. Connect the fuel pipe and vacuum advance hose.

Warning! Use extreme caution when the engine is
operating. DO NOT stand in direct line with the fan.
DO NOT put hands near the pulleys, belts or fan. DO
NOT wear loose clothing.

19. Operate the engine with the radiator cap off. Inspect for
leaks and continue operating the engine until the
thermostat opens. Add coolant, if required.

20. Install the air cleaner.

RETAINERS VALVE
LOCKS

VALVE
SPRINGS

VALVE STEM
OIlL SEAL

INTAKE
EXHAUST. VALVE
VALVE
J9009-56

Figure 4 - 17

Figure 4 - 18

CYLINDER HEAD PERFORMANCE AND
ASSEMBLY TIPS

Alignment

With the crankshaft and piston removed, check the alignment
of the combustion chamber over the cylinder bore. If it needs
to be corrected, use offset dowel pins in the block.

Piston-to-Head Clearance

(Refer to Piston-to-Head Clearance, ‘Pistons and Rings’
section of this chapter.)

Oil Restriction

We DO NOT recommend restricting oil to the cylinder
heads. Leave all the passages stock size and be sure that
they are unobstructed.

Valve-to-Valve Clearance

Valve-to-valve clearance is measured with both valves “on
the seat.” Being a wedge head design and having the valves
parallel allows this clearance to be minimum-around .020"
to .030". Check with your valve grinder to be sure. For
more information, refer to Valve Clearances, ‘Camshaft
and Valve Gear’ section of this chapter.

Measuring Cylinder Head Combustion Chamber
Volume

Cylinder head milling and cc’s are closely related and are
very important when blueprinting. Cylinder head cc’ing is
the volume of the combustion chamber in cubic
centimeters. Milling the head is to remove metal from the
head gasket surface to decrease the combustion chamber
volume. This operation should only be done by an
experienced machine shop.
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After grinding valve seats, it is recommended that the
actual volume of the combustion chambers be measured.
The seats need to be ground to get them to the final height
and to be sure that they’ll seal. Measuring the volume can
be done by placing the head, chambers up, on a level
surface. Valves should be in place and spark plugs should
be threaded all the way in. Coat the area around the
chamber being measured with light grease to provide a seal,
then place a piece of Plexiglas over the chamber.

The Plexiglas should have a hole in it large enough to
permit the entry of the checking fluid and the exit of air. A
burette, graduated in cubic centimeters with a capacity of at
least 100 cc, makes an excellent checking vessel. Plain
water, colored with a touch of Mercurochrome (to make it
easier to read) may be used as a checking fluid.

Fill the chamber with fluid; make sure all air is out of the
chamber and that the chamber is completely full; then read
the volume on the burette. If the volume is too large, the
compression ratio will be less than specified and the
volume will have to be reduced. This can be done by
referring to the individual engine specification to determine
how much will have to be milled from the head surface to
reduce it to the desired number of cubic centimeters. DO
NOT reduce below the specified minimum and DO NOT,
under any circumstances, sink the valves in an attempt to
equalize chamber volumes. Sinking the valves disturbs the
air flow characteristics of the valve port and seat with a
subsequent horsepower loss. Sharp edges and burrs should
be removed from any area in the combustion chamber to
prevent hot spots that could cause detonation or pre-
ignition. Be sure to write all your measurements down.

Block-to-Head Distortion

Block-to-head distortion is a concern anytime the head has
been removed. Even just taking it off to put a new head
gasket on will allow it to distort. Also, the length of the
motor in conjunction with a cast iron cylinder head actually
distorts the block. Because of this, the re-application of the

head is very critical. If it’s not done using a specific
technique, the distortion between the block and head will be
different from when it was manufactured.

There are many reasons why distortion occurs. When the
engine is new it has bolts and holes that have never been
used. When the engine is being re-assembled, the head has
already taken a heat set from being used. Even if you use
new bolts, you’re still threading them into used holes.
There’s no way you can have the same torque value on a
reinstalled head as you do on a brand new build-up.

Also, you have four bolt holes around each cylinder, which
is a fairly wide spread of bolts. Many V-8 engines have §
around each cylinder, but most 4 and 6 cylinder engines
have only four. So, because of the length of the engine,
when you take a cast iron cylinder head and bolt it to the top
of the block, it actually creates distortion on each of the
head bolts. And of course these bolts are connected to the
block and they go through to the main web, so they could
distort the main web also.

Because of this, any operation done to the block should use
either a honing plate (preferred) or an actual cylinder head
mounted on to the block (not a simulated cylinder head, but
a specially modified one to accept clearance of the boring bar
and the hone so you or your machine/race shop can bore and
hone through the bottom of the block with the cylinder head
actually mounted on it). Also, any work that is done to the
main web and bores should be done with either a honing
plate or specially modified cylinder head bolted on the block.

This technique was originally used on In-Line 6 cylinder
engines (because of their length), but is now recommended
for all engines. This technique is so reliable and there have
been so few problems with distortion that almost all race
teams use it on every engine they build. The only procedure
you wouldn’t have the head bolted on for is to cut the deck
of the block.

It’s attention to details such as this that makes the
performance difference!
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Spring Seats and Valve Guides

We typically discuss big camshafts in simple terms. We talk
about valve springs, retainers, pushrods, and tappets.
Hidden in all this is the assumption that you can physically
lift the valve as high as the camshaft selected dictates. The
valve spring is specially selected, based on the lift of the
camshaft and the manufacturer’s recommendations. Once
you’ve made that choice, what else could there be? There
are two basic problems —spring seats and valve guides.

With hydraulic camshafts the valve guide is the main
problem. With stock heads, if the camshaft has more than
.S500" lift, the valve guide will have to be shortened. This is
caused by inadequate keeper-to-guide clearance at
maximum camshaft lift. As a general rule, it’s always a
good idea to check this clearance anytime a higher lift
camshaft is installed.

With high lift mechanical camshafts, the racer usually
installs dual springs. Dual springs typically require the
inner spring seat to be “cutdown” even with the outer
spring seat. Dual springs can also cause a related problem
with the guide. The inner spring in a dual spring has a
substantially smaller inside diameter than that of a stock
spring. This may require the outside diameter of the guide
to be reduced.

To increase installed height, the spring seat may be milled
down a maximum of .050%; however, this should NOT be
done unless all other methods of increasing the installed
height have already been used.

Diagnosing Valve Seat Insert Failures

Cast iron heads have the valve seats machined directly into
the cast iron. Although you can use a valve seat insert in a
cast iron head, it is usually done only as a repair. Valve seat
insert failures in cast iron heads are not very common. In a
regular cast iron head, the valve seat doesn’t tend to “fail,”
but it can wear out.

Valve seat inserts are used in almost all aluminum heads. It
is common to use a different material for intake and exhaust
seat inserts.

Seat inserts take a lot of abuse. Certainly, seat inserts are
not very exciting and probably are not noticed in a casual
look at a head. In a cast iron head, it can be almost
impossible to tell if it has inserts or not; it is much easier to
tell in aluminum because of the slight difference in color of
the two materials. Inserts tend to be made out of a special
cast iron, or in some cases, beryllium-copper. They are very
strong and are designed to work in high temperatures.
These valve seat inserts are “pressed” into the aluminum
head. There are different techniques that use liquid nitrogen
“cooling” of the seat with a mild heating of the aluminum
head. It is all calculated to give a specific “press” into the
head. Once installed, it isn’t going to come out unless
something changes —a failure.

A common mistake made during an aluminum cylinder
head failure analysis is to notice a valve seat insert missing
and assume that the insert failed. Usually, this is the wrong
assumption!

Under normal operation, it is pretty hard to fail a seat insert.
This is not to say that you can’t break a seat insert. To
analyze a seat failure, it is best to start with as many facts
as possible. One of the problems is that there is probably
very little left of the seat insert itself. There may be six or
six hundred pieces. In an aluminum head, if you fail one
seat, you will probably fail two in the same cylinder—intake
and exhaust. In an oval track head, it is very common to see
both seats “fail” at once.

If you see that both seats are gone, what do you think
failed? Both inserts fell out at the same time? Not too
likely! Whether you see one or two inserts missing, the best
bet is that the seat insert did not fail first. However, because
it is gone, the most popular guess is that it failed. But if it
didn’t fail, what happened?

Although not common anymore, a seat insert can fall out.
For it to fall out, it must not have had enough press on it at
installation. If this is true, then it will fall out almost
immediately. However, an improper installation is more
likely than not to be caught by the head assembler when the
heads are being put together.

Once it gets past the first thermal cycle or two, the only
known cause of seat insert failure is heat. If the engine gets
too hot, the seat takes a real beating.

If we get past the mistakes category and can rule out too
much heat, the best bet is that the valve is hitting the seat
insert at an angle. You could call this a “bent valve,” but it
may not be bent very much or it may not be as bent like you
would think. It may also be caused by foreign material
getting between the valve and the seat insert. Once the
valve and piston strike the seat insert like a ball-peen
hammer, it will crack. From there it is only a very short time
before a second crack appears, a third, etc. Once cracked
through, the insert loses its press and a small piece can
come out. As soon as the first small piece is out, then they
are all going to come out and crack into more pieces,
leaving you with one seat insert hole and lots of little
pieces. As soon as the first insert is gone, its mate will
quickly follow because it now takes all the abuse even
though it was not part of the first failure. Both seat inserts
gone. The cylinder head will also be a mess. Summary?
Head failure —not very likely. Insert failure —not too likely.
Valve failure —very likely. Bent valve —most likely. Foreign
material —maybe. Valve gear—possible (more facts or
observations required to rule this out).
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Aluminum Head Threads

Racers are familiar with cast iron cylinder heads and intake
manifolds. These cast iron parts may be heavy, but they are
strong and durable. For performance purposes we typically
replace the cast iron intake manifold with an aluminum one.
You probably don’t take any special precautions with these
manifolds. This could start causing problems because you
should be more careful with aluminum threads than you are
with cast iron threads. You may have developed some bad
habits with cast iron parts that are going to cause you to
cross-thread, strip, or pull threads out of aluminum heads.
For example, if the intake manifold doesn’t fit, you can’t
just use the intake manifold bolts to “pull” it into place. You
must be careful with any screw or bolt that is threaded into
aluminum. You should also use hardened washers between
the head of the bolt and the aluminum part. This is
especially true of head bolts. Although not mandatory, it
will make the heads last longer. It also helps the bolt/screw
retain its torque. Torque sequences and specifications
should always be followed exactly.

Hardened Washer Sets

For use with head bolts and main cap bolts.

P4120456 Comprised of (20) - 3/8" washers.
P4120457 Comprised of (20) - 7/16* washers.
P4120458 Comprised of (20)- 1/2" washers.
Weeping

This is one of those titles that is very misleading. On the
surface you might think that we are going to talk about
broken engines or other “sad” times. Actually, weeping
refers to slow gasket leaks.

All engines have weeping problems. How much depends on
their use and how much strain they are under. Most
professional engine builders have found solutions to
weeping they apply to every engine they build. Before we
get into the fixes, let’s define the problem a little better
before we assume that it’s something that it isn’t and jump
in the wrong direction!

A gasket is designed to seal two surfaces or parts together.
For example, a head gasket is designed to seal the cylinder
head to the block. The intake manifold gasket is designed to
seal the intake manifold to the cylinder head. In either case,
there are at least two aspects to this “sealing” problem. For
example, the head gasket must seal the compression that is
built up in the cylinder. It must also seal the water between
the head and the block. Although you might think the tough
problem is sealing the compression and that sealing the
water is easy, the reverse is probably more common. Today,
this water sealing problem is most commonly seen as
weeping. Many years ago (back in the 1950s and 1960s),
this situation was probably reversed and sealing the

compression was the more difficult problem. Gasket
technology has come a long way. However, when building
or rebuilding engines, there are several gasket installation
tips you should follow. Some are common to all engines,
and some are unique to the type of engine being built.

Some high performance race engines use an O-ring and a
copper gasket. It is common to use copper gaskets on
aluminum heads. Copper gaskets like to weep, so you must
follow the gasket manufacturer’s instructions “to-the-
letter.” If not, the engine will leak water!

One tip common to all engines is to put the gasket that is
going to be used on the engine block to be sure that
everything “lines up.” Be sure that this check is done with the
gasket in the “top” position. In many cases you will notice
that this check will show certain holes in the block that are
not in the gasket. This has to do with water flow and “steam”
holes. Each gasket design may be different in this aspect.

The next thing to check with the gasket on the block is the
water sealing around the water holes that go through the
deck surface. Each hole in the deck should be ringed with a
sealing lip or bead. Larger water holes are especially
important. In some engines, the water holes are very large
and the gasket may overhang the holes. The gasket
overhang itself is not a problem, but if the bead gets close
to the edge of the water hole then it will probably weep. The
solution, if observed, is to ring the hole with a small bead
of RTV on the top and bottom sides of the gasket. Big water
holes that are cast into the block’s deck surface are hard to
control because they are not generally machined surfaces. If
in doubt. add RTV.
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PORTED CYLINDER HEAD

Using ported cylinder heads is a very popular way of
increasing an engine’s performance. However, ported heads
aren’t cheap. At this point, think how much you’d pay for
ported heads for your race engine. Write it down now
before reading the rest of this section.

Ported heads could be worth 20 to 50 hp more than standard
heads. But, unlike camshafts and valves, you can’t put a
specification on a ported head to tell how good it is. A
camshaft has lift and a valve has diameter, both of which
you can use as guides. Ported heads are more related to
“who did them.” Visual inspections don’t seem to help.
“Pretty ones” may not make any power at all, or they may
be great. Even cost isn’t a good guide. You can take your
heads to a porting service and be charged $500 to $5,000,
or even more depending upon how much work is done. Just
spending a lot of money on heads doesn’t mean that they
will go fast. You can say that if you want better heads
they’ll cost you more, but the total dollars spent in relation
to value isn’t totally reliable.

There are some pretty straightforward reasons for this.
First, ported heads are all hand labor. The fancier you get,
the longer it takes. Extra time costs extra money. You also
have to factor in flow bench time and the knowledge of
“where-the-thin-spots-are.” If you port your own heads
(cast iron), it’s a good bet that you’ll ruin at least one head
by breaking through into the waterjacket. A porting service
will usually take one head and cut it up to find where the
thin spots are before porting the actual set. All of this has to
be factored into the price.

The performance that ported heads offer varies a lot. If you
do your own you might be looking at 5-15 hp. An econo
porting service could give 15 to 25 hp. New ported heads
could yield between 35 and 55 hp. The performance gains
look good, but let’s look at price.

Ported head assemblies can cost as much as $900 to $1,200
each. On the surface this sounds like a lot. Looking at the
power numbers, getting a higher output, higher quality piece
may be worth the extra money. In truth, it’s a much better
deal than that. With a porting service, you provide the head
casting (probably used), valves, etc. With a new ported head
assembly, you receive it fully assembled —valves, springs,
retainers, and new castings. A new casting costs as much as
$350. This again sounds high, but there are a couple tricks.

First, this is a new head casting—not used or rebuilt! Second,
you can get a used casting for half this price, but you’ll have
to install bronzewall guides and regrind the seats before you
get a good head. The problem is that horsepower potential is
directly proportional to the number of valvejobs done on the
head. In other words, the more valve jobs done, the less
power the engine makes. A new casting has the absolute
minimum number of valve jobs—one.

Now, if you add $300 (on the average) for new valves, springs,
retainers, seals and locks, add the cost of the new casting
(about $350) and the porting costs (on average, §1 50 - $200 for
one head), you could wind up spending $1,000 - $1,250 for a
race prepared head. However, a new ported head assembly
typically costs between $900 - $1,200, and comes fully
assembled with brand new parts. Often times, a new ported
head assembly is the best deal. Costvs. performance is the key.
Do your homework first and then decide where best to spend

your money.

Swirl Ports

The term “swirl port” was introduced in 1986-87 and was
popularized by the press and racers. We use it in our Mopar
Performance Parts Catalog relative to many of our
cylinder head castings. Many standard production cylinder
heads have swirl ports and they have a swirl port intake
shape. Their ports were designed using swirl port
techmology. All these statements are true. The confusion
seems to come in relative to the combustion chamber shape.

There are many wedge-shaped combustion chambers and
it’s (difficultto put them into specific categories. One of the
latest is the heart-shaped chamber. The term was first used
by us in reference to our small block 318 V-8 ‘A’ engine
swirl-port head (approximately 1986-87 production). This
seems to be where the tie-in comes. Since the 3 18 had both
swirl ports and a heart-shaped chamber, some people
assumed that the chamber was the “swirl.” It wasn’t!

The press (primarily performance magazines) hasn’t helped
the situation. They tend to misuse the term “swirl” in
articles on horsepower development, cylinder heads and
airflow. This isn’t totally the fault of the press. Racers also
tend to misuse the term. Since it (swirl) is the latest “trick,”
every racer has swirl heads. This all leads to confusion. To
try and clarify this situation, we’ll need to back up and give
an explanation based on technology rather than “hype.”

T 7T Y
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First, let’s define “swirl.” In its simplest sense, swirl is how
the air flow enters the combustion chamber. In a more
technical sense, swirl is the flow around the center of the
cylinder (as viewed from the top). A problem arises from
trying to attach the definition of swirl to a shape. For
example, the 318 ‘A’ engine swirl port (intake) is tall and
skinny. However, there are tall, skinny ports that don’t
swirl. There are also square and round ports that do.

In practice, the press and racers seem to use a different
definition for swirl. They don’t write it down or explain it
this way, but their usage would imply that swirl means high
flow! This isn’t technically correct, so Mopar Performance
Parts will stay away from it. Just realize that in press
articles if you see “swirl” written, just substitute the term
high flow and you should have a better understanding of
what is being reported.

Remember, today’s engines are compromises. The
production compromise relative to heads is higher flow,
improved output, better emissions, more fuel economy, and
(the latest) less noise. Swirl became an important design
factor in cylinder heads because auto manufacturers were
looking to improve emissions. The emissions-improving
swirl port led to higher flow which led to better output and
more fuel economy. However, many swirl port designs can
lead to less output, so it’s up to the racer/engineer to pick
the best one for his application.

Porting

The most important part of the port is the bowl area
between the valve seat and the radius on the floor, Blending
the machined bottom cut into the cast surface gives a large
increase in port flow. If you use porting templates, DO
NOT remove more metal than is required to fit the
templates. Excess metal remova 1, especially on the floor,
can cause very poor flow.

For all-out modified racing, a professional porting service
should be contracted.

Flow Bench

Stated simply, a flow bench is an air pump that allows you to
measure the amount of air that passes through a given orifice.

Flowing cylinder heads is what most flow benches are used
for, and to this end they can provide very useful data. To a
porting service professional a flow bench can be invaluable.
It’s unrealistic for one racer to own a flow bench to flow
one cylinder head. Flow bench services are offered by
many speed shops. The problem comes in relative to the
average racer. He may want his head “flowed” because the
pros do it. Unfortunately, the engine isn’t going to go any
faster with a “flowed’ head unless some modification is
done. Having the flow chart is interesting, but in high gear
it’s no match for oversize valves or a bracket valve job.

=
-
=
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Where flow benches become very useful is in making
modifications to cylinder heads. How big a valve to install?
What shape to make the port? Valve seat angles? All ports
flowing equally? Obviously, these are questions the
professional cylinder head service needs answered. Once he
knows the answers, the racer is paying for modifications to
the head, not the flow chart. As a racer, don’t end up racing
flow benches!

As a general rule, don’t flow your cylinder head unless the
shop is making a change or modification to the head and
you want to see the resulting gain. Also, don’t get into
absolute number comparisons. A flow bench is only a tool.
As atool it’s helpful in making modifications, but it’s hard
to turn a flow bench into a race vehicle!

Evaluating Cylinder Head Air Flow

Cylinder head air flow is a popular topic because it is
generally believed that more air flow leads to more power.
Although this is true in some cases, there are many
exceptions. The purpose of this discussion is to give you
some tips that will help you evaluate cylinder head air flow.

First, let’s look at the current situation. All racers want to
know how much air their heads flow, and then they will tell
you their heads flow “X” c¢fm. That’s it! All racers seem to
use this “one number system” to discuss their heads.
Although this seems quite simple, it can lead to much
confusion. Solet’s clarify a few things before we move on.
The one number system assumes that the number is the
“peak number” for the intake port of the head. Although no
pressure drop is typically mentioned, you can probably
assume that it is 28 inches. (Although many people actually
flow at pressure drops of 3, 10, o0r 25 inches, 28 gives you
the biggest number, so that has become the “standard.”)

There is a chart that allows you to use a correction factor to
correct flow data from one pressure drop to another. Since
different flow benches DO NOT give the same flow
numbers for the same head, we recommend you not get too

hung-up on absolute numbers and try to do all your flow
testing on the same flow bench. This tip really relates to the
flow bench itself. For now we will assume that you have a
flow curve comparison and want to figure out which curve
is best. Let’s look at some typical flow curves.

In Figure 4- 19 you see the typical flow curve of an intake port.
In this curve, we are comparing cylinder head “A” to cylinder
head “B.” This is somewhat typical of a standard production
head being compared to a race head. Head “A” is obviously
better. It has more “area under the curve.” It outflows head
“B” at both high lift and low lift. This one is too easy!

Figure 4-20 is perhaps more common. In this example, head
“B” flows 290 cfm (peak) and head “A” flows 285 cfm
(peak). In this case, head “B” has the higher number or better
peak flow. However, head “A” has more area under the
curve. Area under the curve is the area formed by the X-axis
(or valve lift line) and the flow curve line for the head. In this
case, head “B” only exceeds head “A” at one point (.700"
lift), while head “A’ wins at .300", .400", and .500" lifts.

To evaluate area under the curve properly, you have to do
some calculating. However, the performance press hasn’t
yet come up with a common, acceptable-to-all formula for
calculating area under the curve, and there are no readily
available numbers for what this “area” is supposed to be.
No one gives “area” numbers. However, area under the
curve is what you really what to know! In our example,
head “A” will win. It will make the vehicle quicker at the
drag strip and it will make more power on the dyno.

Now let’s back up. Let’s assume you have been using head
“A” on your current race engine and you bought head “B”
because it flowed more air. Figure 4-20 shows “B” with 290
cfm at peak, so it does flow more air. You install this new
head and your vehicle goes slower. Now you are probably
upset! Statements like “high flow heads don’t work,” “big
ports go slow,” etc., are made. But high flow heads do
work —if they are done like head “A”.

T 7171
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Heads must have more area under the curve if they are
going to work in a drag or oval track vehicle; that is, area
under the curve is more important thar peak flow. Other
items such as big intake ports are harder to tie to specific
flow characteristics. If head “A” has bigger ports, then they
work. Bigger valves and bigger ports generally help the
high lift part of the curve. However, some big ports help
both ends of the curve.

In Figure 4-21, we have another common flow curve. This
is typical of a head that has been ported, or one that had big
valves installed. Head “A” is assumed to be a big valve,
ported version of head “B”. Head “A” has more area under
the curve and has more peak flow. Now let’s assume that
you are building (choosing) this head for a dual purpose
application and you are only using a 425" lift hydraulic
camshaft. Remember that .425" is a design number and our
actual rocker ratio may be 1.46, rather than 1.50 (for
example). Plus we have deflections and geometry to
consider. So the at-the-valve lift may be closer to .410", At
the .410" lift point on the flow curve it looks like a tie. If
that were true, then head “B” should be the “winner”
because it is less expensive for the same performance.

Now let’s go back to Figure 4-19. If you again restrict the
valve lift to .410", head “A” still wins. It still has more area
under the curve than head “B” and has more peak flow. It is
important to note that just because you restrict the valve lift
that is being used, you DO NOT always change which head
is the better choice.

If you installed head “A” from Figure 4-19 on your race
engine, it would make more power than head “B” whether
you used a .700" or a .600" lift camshaft. Actually, the power
curves would look very similar to the flow curves. This
means that a dyno power curve would show head “A”
making more power at each rpm greater than the torque peak.

Now, assuming that you have a race engine and have used
typical race engine parts (4-Bbl. carburetor, non-restrictive
exhaust system, etc.), we’ll assume that the head “A” power

peak is 700 hp at 7,500 rpm. If you restrict the rpm to 5,000,
head “A” still makes more power. Because head “A” flows
so much more air, you could say it is a high rpm head. That
is true, but it also makes more power at lower rpm. Now if
you switched to the heads in Figure 4-20, the more you
restricted head “A’, the greater the winning margin. This
gets us back to the area under the curve.

A cylinder head selected by the area under the curve
method will generally win. Since this is so important in
making the right selection for a race vehicle (and finding
the area is not easy), we have a short-cut method. Compare
the flow rates at a point that is half your actual peak valve
lift. For example, if you are going to use a camshaft that has
an actual valve lift of .700", then look at the flow rates at
3507 lift. If you are going to use a .600" lift camshaft, then
compare them at .300" lift. Remember this half lift number
is more important than the peak lift number in making your
selection. This number is considered your mid-lift flow and
is the most important number on the flow chart! If you hurt
this number, you will probably slow the vehicle down.

So far we have only discussed the intake side. This will also
get us into trouble. Having a good intake side with a bad
exhaust side will also make the vehicle go slower.
However, because the exhaust side always has a smaller
peak number, everyone only talks about the intake side. The
exhaust side is certainly just as important. You would like
to have the exhaust side flow about 80 percent of the intake,
although this tends 7o be an ideal since few exhaust ports
are actually this good. (Production heads tend to run about
65 percent.) If you have a good exhaust port, then you can
trade some of its performance for more on the intake side.

At this point you could have good intake ports but bad
exhaust ports, so now which head would you pick? This is
a much more complicated question! There is no single
answer. Remember Figure 4-20. The best choice was the
one that had the best area under the curve. A complete head
comparison gives you two port areas to consider, therefore
you also have two mid-lift flow points to consider.
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If they all point in the same direction, you have a winner! If
they don’t (which is more likely), you have to make
choices. Pick the best intake based on area and the best
exhaust based on area or mid-lift flow. Multiply the intake’s
peak flow by .80 and compare to that head’s exhaust flow.
For example, in Figure 4-20, head “A” was selected as the
better head and it had a peak flow of 285. The 80 percent
number would be 228 for the exhaust side on this head. The
70 percent number would be 200 cfm. You would want the
actual exhaust flow to be between 200-228 cfm.

If you had two heads that both flowed 285 cfm on the intake
side, then the head that flows better up to the 80 percent
number on the exhaust side is the best choice. This sounds
like it’s easy to get to 80 percent on the exhaust side.
Nothing could be further from the truth. Remember, the
exhaust side gets the smaller valve. The typical production
valve area comparison between intake and exhaust valve
diameters gives the exhaust valve 65-70 percent of the area
of the intake. To get 80 percent flow out of a valve area that
is 30-35 percent smaller means the exhaust port has to
actually be a better flowing port than the intake.

Putting in bigger exhaust valves will limit the size of valve
we can put on the intake side. That is why the exhaust side
is so important. You want to get the flow out of the port
itself, not out of a bigger valve.
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Figure 4 - 21
Oversize Valve Seats and Guides

In some cases, cylinder head porting has to be done to
change some design characteristic of the head. In other
cases, it must be done because heads are worn-out or have
become damaged due to a bent valve, etc. In a cast iron
head, the seats and guides are machined directly into the
cast iron. There is no seat or guide insert. (There are
instances where inserts are used in cast iron heads, but this
tends to be the exception.)
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In aluminum heads, the seats and guides are always inserts.
The insert (seat or guide) must be “pressed” into the
material of the cylinder head. The amount of “press” is
called the interference fit because the insert itself is actually
larger than the machined hole into which it goes. The
amount of press is measured in thousandths of an inch
(.001"). On a given part it may be .002" or .003". The trick
comes when you remove a seat or guide. You cannot put in
the same size that you just took out. You must use an
oversize seat or guide. The inside diameter can be the same
size if desired, but the outside diameter has to be larger.

When you remove a seat or guide, the hole left is slightly
larger than before and it may not be perfectly round
anymore. The same size seat or guide installed in this larger
hole will have less press than before, or perhaps no press at
all. This means the seat or guide can “fall out” or break (as
it falls out). It would be bad for the head in either case!

This situation is somewhat like honing the block. When we
re-hone it, the bores will actually become larger
(oversized). Therefore, once you remove a seat or guide,
you MUST install an oversize part as the replacement. If
the head has been repaired or modified already, then you
must move up to the next size oversize. Each oversize part
requires that the head be machined (sized) properly prior to
installation. At this point, the head is only as good as the
machine shop that did the work.

CYLINDER HEAD COVER

Crankcase Breather

A universal high performance re-usable crankcase breather
(must have stand pipe on valve cover). Washes clean with
P4.529392 cleaning fluid for extra miles of service.

P4529394 Crankcase breather.

Removal

1. Remove PCV molded hoses from the cover (Figure 4-22).

2. Remove the cruise control servo, if equipped
(Figure 4-22).

3. Remove cylinder head cover retaining bolts.

4. Lift and remove the cover. The cylinder head cover
utilizes a pre-cured RTV sealer that is attached to the

cover. Inspect the sealer for cracks and/or damage that
may have occurred during removal.

5. Small cracks in the sealer are allowed and can be
repaired by applying RTV sealer to the cracked area
before cylinder head cover installation.

Cleaning and Inspection

Replace the cover if it is cracked or damaged in any way. If
the pre-cured RTV seal is damaged, replace the cover.

If a replacement cover is installed, transfer the PCV valve
grommet and oil filler cap from the original cover to the
replacement cover.

Remove any original sealer from the cover sealing surface
of the cylinder head and clean the surface using a fabric
cleaner. Remove all residue from the sealing surface using
a clean, dry cloth.

Installation

1. Clean the cover and cylinder head sealing surface
using a clean dry cloth.

2. Install the cover and retaining bolts. Tighten the
retaining bolts to specification.

3. [Install the cruise control servo (if removed).

4. Install the PCV molded hoses to the cylinder head cover.

CRUISE
CONTROL:
SERVO

CYLINDER
HEAD
COVER

J8909-180

Figure 4 - 22
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Camshaft and Valve Gear

CAMSHAFT

The 4.0L engine camshaft is made of cast iron with twelve
machined lobes and four bearing journals. The camshaft
has intake and exhaust valve lifts of 10.29 mm (0.405"),
intake and exhaust cam lobe lifts of 6.43 mm (0.253"), and
intake and exhaust durations of 270°.

For racers, choosing the correct camshaft to match the
compression and carburetion of the engine is the most critical
performance area to consider. The "3 C's" of engine building
(compression, carburetion, and camshaft) must always be
decided upon before the engine is built or, more importantly,
money is spent. In fact, one of the most common errors
among racers is to choose a "hot" camshaft without
considering the compression ratio and carburetion set-up to
be used, all of which must work in complete harmony for the
engine to perform at its peak level at all times.

The racer's camshaft choice will also dictate the rest of the
valve gear. The important areas in camshaft and valve gear
are profile selected by application, installation centerline,
clearances (especially valve-to-piston and clearance at coil
bind), and valve spring loads. We'll cover these items in
later sections.

Jeep Gear Drives

Replace conventional Jeep timing chain and gear sets and
eliminate chain induced cam timing fluctuations with this
Mopar Performance Parts dual idler gear drive camshaft
centerlining drive system. Rugged and durable for off-road
applications. Fits all 4.0L, 4.2L, and 2.5L Jeep engines.

P5249009 Jeep gear drives.

Camshaft Bearing Set

Made of production material. Complete engine set for
Jeep 2.5L and 4.0L engines.

P4529226 Camshaft bearing set.

Jeep 4.0L Hydraulic Camshaft Specifications Chart
1
1
Part No. | Advertised Duration | Overlap | Centerline Lift Recom. Spring | Applications & Comments
P4529228 240/240° 24° 108° .430/.430" P4529214 Mild Comp.
P4529229 | 2481248" 320 108" .440/.440" P4529214 Mild Comp.
T i T
P4529230 256/256° 40" 108° .450/.450" P5249464 Mild Comn.
\pplication Chart
Jeep 4.0L Hydraulic Camshaft ABB“catlion art
T T
Performance Best Choice 4x4 Street Rod
Level Manual Automatic | Auto & Man | Auto & Man
Stock Stock Stock — —
Phase 1 P4529228 P4529228 P4529228 P4529228
Phase II P4529229 P4529229 P4529228 P4529229 \
Phase Il P4529230 = P4529229 P4529229 P4529230 ‘
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CAMSHAFT SELECTION

There are literally thousands of camshaft designs to choose
from. Picking the correct one for you and your engine
without spending too much money is a very tough job.
Selecting the type of camshaft (hydraulic, mechanical,
roller) is usually the hardest job.

Keep in mind that these basic decisions should be made before
you go to the track, while you're building the engine. Once
built, the engine will dictate many of the cam's characteristics.
This choice does affect the valve-to-piston clearance.

The easiest way to identify the type of camshaft is by
lift—each category has a lift range in which it works best.

LIFT TYPE COMMENTS
0-.520" Hydraulic  Low maintenance,
inexpensive,

simplest installation and setup.
490-.620" Mechanical Higher rpm, simple.

.620-.700" Mechanical- High output without roller's
Mushroom  expense.

.600-.750"  Roller Ultimate power, most
expensive, most complicated,

highest maintenance.

The preceding chart can be used to generalize your camshaft
selection, although there is some overlap as well as some
special considerations. It is very general. Your choice may
be already made for you by your local race sanctioning body
(check the rule book). Roller and mushroom camshafts are
commonly ruled "out," and sometimes camshafts are limited
to any hydraulic or any flat-tappet.

Racing Camshaft Selection

In mid-race season, many racers are looking to upgrade
their engine's performance. The camshaft is one part that is
often changed. The question is, what direction to go? To
answer this, we have to back up to how we made our
original or existing choice. To this end, let's review some
general selections.

A camshaft can be selected by knowing the performance
level desired for the vehicle and track-type. This is the best
way to select a camshaft, but we have to know how fast the
vehicle is going to go. As we're building the engine and
selecting our initial camshaft, this performance estimate is
somewhat of a guess. Once we've run the engine at the
track, we can improve upon this guess.

Camshafts can be selected based on many different aspects.
The best sources of information for selecting camshafts are
as follows, listed in order of importance:

e Dyno curve—in vehicle test
e This book

o  Camshaft lift

e Overlap

e  Advertised duration

e Duration at fifty

We hope you will read this entire book to gain as much
knowledge as you can. But say you need more information
to narrow your choice. Now what do you do? Camshaft
specifications can be used to indicate some engine
performance characteristics and potential. Although not as
good or reliable as actual tests, camshaft specifications can
indicate trends in an engine's performance. Let's look at the
various specifications in order of importance.

1. Lift

Has a direct effect on power, especially under .600".
More lift, more power (less torque).

2. Overlap
Affects idle quality and driveability.
3. Duration

Not too useful in general. For lifts under .600", the
advertised duration can be useful as long as all the
camshafts being considered are from the same
manufacturer. If more than one manufacturer is
involved, go back to lift. Duration at fifty (.050") is
useful in hard core, all-out race camshafts and
camshafts with lifts over .600".

Studying this list closely you'll notice that, of all the camshaft
specifications available, lift is the one to use if test results or
Mopar Performance Parts recommendations are not available.
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CAMSHAFT REMOVAL AND INSTALLATION
PROCEDURES

Removal

Warning! The coolant in a recently operated engine is hot

and

pressurized. Release the pressure before removing the

draincock, cap, and drain plugs.

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Disconnect the battery negative cable.

Drain the cooling system. DO NOT waste reusable
coolant. If the solution is clean, drain it into a clean
container for reuse.

Remove the radiator. Refer to the service manual for
the proper procedure.

Remove the air conditioner condenser and
receiver/drier assembly as a charged unit, if equipped.
Refer to the service manual for additional information
pertaining to the A/C system.

Remove the distributor cap and mark the position of
the rotor.

Remove the distributor and ignition wires.
Remove the front fascia/bumper andor grille, as required.

Disconnect camshaft position sensor -electrical
connector and remove camshaft position sensor (if

equipped).
Remove the cylinder head cover. Refer to Cylinder

Head Cover Removal, ‘Cylinder Head’ section of this
chapter, for the procedure.

Remove the capscrews, bridge and pivot assemblies
and rocker arms. Alternately loosen each capscrew one
turn at a time to avoid damaging the bridges.

Remove the pushrods. Position all components on a
workbench in the same order as removed to facilitate
installation at the original locations.

Remove the cylinder head and gasket. Refer to
Cylinder Head Removal, ‘Cylinder Head’ section of
this chapter, for the procedure.

Remove the hydraulic valve tappets.

Remove the vibration damper. Refer to Vibration
Damper Removal, ‘Crankshaft’ section of this chapter,
for the procedure.

Remove the timing case cover. Refer to the proper
service manual for the procedure.

Remove the timing chain and sprockets. Refer to the
proper service manual for the procedure.

Remove the two thrust plate retaining screws and
thrust plate (if equipped).

Remove the camshaft.

Inspection

Inspect the cam lobes for wear.

2. Inspect the bearing journals for uneven wear pattern
or finish.

3. Inspect the bearings for wear.

4. Inspect the distributor drive gear for wear.

J. If the camshaft appears to have been rubbing against
the timing case cover or the camshaft thrust surface
appears to have excessive wear, examine the oil
pressure relief holes in the rear cam journal to ensure
that they are free of debris.

Installation

1. Lubricate the camshaft with Mopar Engine Oil
Supplement, or equivalent.

2. Carefully install the camshaft to prevent damage to the
camshaft bearings.

3. If equipped, position camshaft thrust plate and install
retaining screws. Tighten screws to 24 Nem (18 ft-Ibs).

4. Install the timing chain, crankshaft sprocket and
camshaft sprocket with the timing marks aligned.
Refer to the proper service manual for the procedure.

5. Install the camshaft sprocket retaining bolt and tighten
to specified torque (varies by year—refer to proper
service manual for correct torque specification).

6. Install the crankshaft oil slinger.

7. Install the timing case cover with a replacement oil seal.
Refer to the proper service manual for the procedure.

8. Install the vibration damper.

9. Install the damper pulley, if removed.

10. Install the fan assembly and shroud.

11. Install the drive belt(s) and tighten to the specified tension.
Refer to the proper service manual for the procedure.

12. Rotate the crankshaft until the No. 1 piston is at the
TDC position on the compression stroke.

13. Install the distributor, cap and ignition wires. Install the
distributor so that the rotor is aligned with the mark made
during removal. The rotor should be aligned with the No.
1 cylinder spark plug terminal on the cap when the
distributor housing is fully seated on the cylinder block.

14. Install the hydraulic valve tappets.

Note: Lubricate the hydraulic valve tappets and all
valve actuating components with Mopar Engine Oil
Supplement, or equivalent, during installation. Mopar
Engine Oil Supplement must remain with the engine oil
for at least 1,609km (1,000miles); However, it does not
have to be drained until the next scheduled oil change.
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15.

16.
17.

18.

19.

20.

21.
22,
23.

Install the cylinder head. Refer to Cylinder Head
Installation, ‘Cylinder Head’ section of this chapter for
the procedure.

Install the pushrods.

Install the rocker arms and pivot and bridge
assemblies. Tighten each of the two capscrews for each
bridge alternately one turn at a time to avoid damaging
the bridge.

Install the cylinder head cover. Refer to Cylinder Head
Cover Installation, ‘Cylinder Head” section of this
chapter for the procedure.

Install the A/C condenser and receiver/drier assembly,
if equipped. Refer to the service manual for additional
information pertaining to the A/C system.

Caution: Both service valves must be opened before
the air conditioning system is operated.

Install the radiator, connect the hoses and fill the
cooling system to the specified level. Refer to the
service manual for the proper procedure.

Check the ignition timing and adjust as necessary.
Install the grille and bumper, if removed.

Connect the battery negative cable.

CAMSHAFT INSTALLATION TIPS

When installing the camshaft sprocket, use at least
Grade 8 bolts with Loctite and safety wire. It is
possible for high speed engine harmonics to cause
these bolts to loosen if precautions aren’t taken. (Not
required while centerlining the camshaft.)

Because of the production tolerances mentioned
earlier, it is possible for the crankshaft-to-camshaft
relation to be several degrees off, either advanced or
retarded. It is important that this timing be correct to
produce maximum performance.

While the engine is still without heads, the timing marks
on the crankshaft damper and the timing chain cover
should be checked for accuracy of the “0” TDC mark.

Advancing or retarding a camshaft should only be done
to install the camshaft at its designed centerline. It is
very important fo have the centerline correct. Most
camshafts will have the design centerline stated as part
of the specifications along with duration and lift. If it
isn’t given, it can be calculated. Advancing or
retarding a camshaft from its designed centerline is not
recommended because it will cut down on the overall
efficiency of the engine (although there are exceptions
to this general rule).

Before installation, the camshaft and tappets should be
liberally coated with Mopar Engine Oil Supplement.
This lubricant will stick to the surface without draining
off and will prevent scuffing when the engine is fired
up for the first time. It has been determined that this is
when most camshaft damage takes place.
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CAMSHAFT INSTALLATION TROUBLESHOOTING

For a performance enthusiast and an engine builder,
installing a camshaft is one of the most common operations.
Camshafts are changed frequently and for many reasons.
It’s just about the most popular thing to do to an engine.

We have discussed how to centerline your camshaft for
many years. We put the instructions on the back of our
degree wheel (P4452990). We put the instructions on the
back of every camshaft card that goes into every camshaft
package we sell. We recommend that you use the camshaft
centerline method when installing the camshaft. We explain
what this method is and how to do it. (You need two tools:
and degree wheel and a dial indicator.) Getting the camshaft
into the block is NOT the problem. The problem comes
when we attach it to the crankshaft. This is why we talk
about “centerline” (the relationship between the crankshaft
and the camshaft).

In the past few years we have learned that there are no
problems with the camshaft. There are no problems with
the instructions. Problems typically occur because the
instructions “were lost.” Another problem is using the “no
tools” approach (no degree wheel or dial indicator). Bad
plan! A degree wheel is very inexpensive and very easy to
obtain. Dial indicators can be borrowed or rented.

Here are some simple guidelines you should always follow
whenever possible:

1. Always centerline the camshaft.

2. If you are not going to use a degree wheel and dial
indicator, DO NOT use multi-keyed sprockets or
sprockets with offset bushings. If you already have a
multi-keyed sprocket or offset bushing camshaft
sprocket, then get a new sprocket set.

3. With a stock, single key sprocket, line up the dots as
best you can.

4. If the engine runs poorly, DO NOT blame the
camshaft. Obtain a degree wheel and a dial indicator
and find the actual TDC and camshaft centerline. For
more information, refer to Camshaft Centerline, later
in this section.

SPECIAL CAMSHAFT THEORIES

Camshaft Duration

We have all discussed camshaft duration at one time or
another. Duration is commonly used to describe any given
camshaft. “It’s a 280 degree camshaft,” is a typical
statement. In the past, we have discussed duration relative
to using it as the method by which to choose a camshaft.
The conclusion was that duration is the poorest
specification to use for selection purposes. Lift is the most
valuable camshaft specification.

Then we have “duration at 50.” This is commonly used in
reference to race and other aftermarket camshafts.
Production camshafts use an “advertised duration” to refer
to their camshafts. Advertised duration is also used by all
the aftermarket camshaft grinders for virtually all
camshafts with less than .600" to .650" lift (at the valve).

This is beginning to get confusing! We have more durations
than we know what to do with. So to this end, let’s see what
we really know about duration. First, duration is measured
in degrees. Second, camshaft duration is generally a
number that’s greater than zero but less than 360. Third,
there are two crank degrees for each camshaft degree. (To
simplify, we’ll consider everything in crank degrees.)

This duration topic isn’t as easy as you probably thought!
With our camshaft selection hanging in the balance, let’s
examine a typical camshaft card and see if we can gather
some more data. An aftermarket camshaft card will list
information similar to the following: lift, advertised
duration, duration at 50 (.050"), overlap, centerline, intake
opening, intake closing, exhaust opening, exhaust closing,
and valve spring requirements.

Intake and exhaust opening and closing points are given
in degrees. These four numbers are generally considered
the events.

Overlap is the relation between the intake and exhaust
lobes, and centerline is the relation of the intake lobes to
TDC (top dead center) or to the exhaust lobe. In either case,
although they are both measured in degrees, neither overlap
nor centerline is specifically “duration.”

To help define duration, let’s focus on the intake lobe (we
could have selected the exhaust lobe). Looking only at the
intake lobe, one of the unique features of duration becomes
obvious; that is, the sum of the intake opening, the intake
closing, plus 180, equals the duration. Therefore, if the
intake opens at 30 degrees BTDC (before top dead center)
and closes at 50 degrees ATDC (after top dead center), then
the duration is 260 degrees (30 + 50 + 180=260).

Intake Duration = [.O. T I.C. + 180

The same basic equation also works for the exhaust side:

Exhaust Duration = E.O. + E.C. + 180

What’s different about the exhaust lobe is when the event
occurs; for example, the exhaust opens BBDC (before
bottom dead center) and the exhaust closes ATDC. (Refer
to Figure 4-23.)
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Looking at Figure 4-23, we can see the layout (plot) of a
typical camshaft with the intake and exhaust lobes shown.
You can tell it's a fairly mild camshaft because it has just
under 300" lift (.450" at the valve). This plot shows the
overlap and centerline relationships to TDC, but we're
concerned with duration.

In simple form, duration is the width of the "hump' of the
bell-shaped curve at a given lift point. The further up
(height) you go from the "zero" lift line, the narrower the
curve gets. To explain, draw a straight line from the .100"
lift mark on the left. Where this line intersects the curve
gives us the timing events. (Refer to Figure 4-24.)

On the exhaust lobe, these points are E.O. = 30 BBDC and
E.C. = 30 BTDC. Applying a little math we find that this
lobe's duration at .100" is 180 degrees. Drawing a similar
line from the .050" lift mark yields these events: E.O. =40
BBDC and E.C. = 20 BTDC. Therefore, duration at 50
(.050™") = 200.

This comparison shows the many aspects of duration. It can
be measured at any lift that you'd like. It could be .020",
.050", .100", or any other number. The duration at .020" is
larger than the duration at .050". The duration at .050" is
larger than the duration at .100".

Advertised duration is a little more complicated. It is
generally measured between zero lift and .025" lift.
However, it is not a constant. Different manufacturers use
different numbers. Generally, this number is determined by
the computer software that generates the curve (i.e., lift
table). Since most aftermarket and OE manufacturers use
somewhat different computer software programs, the
advertised duration number comes out different even if the
actual profiles are the same. Generally, the advertised
duration is larger than the duration at .050".

Going back to our earlier discussion, intake and exhaust
opening and closing event numbers aren't the same
between advertised and .050" duration numbers. However,
most aftermarket manufacturers are consistent with their
numbers; for example, 1.0.at 30 degrees and .050". If
you're not sure, simply add the numbers for the events and
compare to the two duration numbers.

We hope this helps you to understand duration and why
there are so many duration numbers. However, always keep
in mind that duration is not as good as lift for comparing or
selecting camshafts.
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Camshaft Centerline

There are three ways of checking a camshaft for correct
installation. A common method is to "line-up-the-dots."
This is acceptable for standard vehicles, but is not
recommended for performance camshafts. A second
method, recommended by many shops and some camshaft
grinders, is to check the intake and exhaust valve opening
and closing events against TDC (top dead center). This is
better than the "dots" system, but we don't feel it's as
accurate as the "'centerline" method. The centerline method
is also much easier to understand.
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If you're going to swap camshafts, you've spent good
money for a new camshaft and you want to improve on the
stock one or whatever is currently in the engine. If you DO
NOT centerline, then you DO NOT get the full value of
your investment and you probably won't achieve the
desired improvement. Once the engine is disassembled to
the point of installing the camshaft, centerlining the
camshaft costs very little and only takes a few minutes to
do. If you have a problem with the engine's performance
after assembly, you will ultimately need to centerline the
camshaft. Centerlining may be a minor problem of a few
degrees or a major problem of a tooth or two on the
camshaft sprocket. Usually the problem isn't with the
camshaft itself, except relating to installation; i.e.,
centerline. By centerlining the camshaft at installation, you
can concentrate on carburetors, ignition, and assembly
problems (such as gasket leaks) to identify any problem.
But if you didn't centerline the camshaft, you can't say for
sure that it is the carburetor, ignition, etc. To centerline the
camshaft with the engine together requires partial
disassembly. This is a lot of extra work. One added benefit
of centerlining relates to advancing or retarding the
camshaft for improved performance. You don't know
which direction or the number of degrees to change if you
don't know the original centerline first.

Note: When checking camshaft centerline, ALWAYS
rotate the engine clockwise from the front. This is the
normal direction of engine rotation. By rotating the engine
in this manner, the clearances in the camshaft drive system
(chain, sprockets, keys, etc.) will be taken up just as they
are when the engine is firing, and your measured camshaft
centerline will be what the engine sees when it is firing.

The procedure is as follows:

¢  With the camshaft in place, insert the intake valve
tappet for the No. 1 cylinder.

¢  Place a dial indicator on the tappet parallel to the tappet
centerline or on the retainer parallel to the valve centerline.

e Install a degree wheel (P4452990) so its pointer
indicates TDC when the No. 1 piston is at TDC.

e Turn the engine over (clockwise from the front) until
the dial indicator is at maximum camshaft lift. Zero the
indicator at this point.

e  Turn the engine over (clockwise from the front) until
the indicator reads .025" before reaching maximum
lift. Stop. Read the degree wheel and write down the
number of degrees. Continue rotating the engine in the
same direction (clockwise) past maximum lift (zero
indicator reading) until .025" is read again on the
indicator. Stop. Read the degree wheel. Write it down.
Add the two degree wheel readings and divide by two.
The answer is the camshaft centerline.

Note: The .025" was used for illustration. Any
measurement above .020" is acceptable.

Example: Let's assume that you are going to use a
camshaft with a centerline of 110". Now let's go through
the installation procedure with this camshaft. We'll install
this 110" camshaft at 108" centerline.

The camshaft and timing chain or gear drive are installed.
The lifter is installed on the No. 1 intake lobe. The degree
wheel is bolted to the crankshaft and set to read TDC
correctly with a pointer. The dial indicator is zeroed at the
maximum lift of the camshaft. Now, rotate the engine
clockwise and approach the indicator reading of .020"
carefully, since you must not reverse the direction of
rotation. At .020" the degree wheel reads 90". Record the
reading and continue to rotate the engine clockwise through
zero until the indicator reads .020". The degree wheel now
reads 134". Add 90" plus 134" and divide by two. Answer:
112". Thus, you must advance the camshaft 4" in order to
have the centerline at 108". Offset bushings (P3690936) are
used for this purpose. (360 AMC V-8 engines use offset
keys.) Use the proper offset bushing (or key) so that the
centerline of the camshaft is moved forward (advanced) in
the direction of its rotation.

Now repeat the steps with the advanced camshaft position.
You should read 86° at .020" before maximum lift on the
indicator and 130° at .020" after maximum on the indicator.
Add 86" to 130". Answer 216°. Divide this by two. Answer
108°. The camshaft is now installed correctly. If .040" was
selected instead of .020" for the indicator reading, the last
step would be as follows. You would read 70° at .040"
befoire maximum lift and 146" at .040" after maximum lift.
The two numbers added together yield 216° and this
divided by two gives 108°.

Note: Changing the camshaft centerline 1° will not be seen
in engine performance.

If you DO NOT have a degreed damper, damper degree
timing tape (P4.529070)is recommended.

Damper Degree Timing Tape

Improve timing accuracy of your engine with this timing tape
package. Marked in 90" increments. Self-adhesive strip
adheres to crankshaft vibration damper for clear identification
of marks. Permits initial total spark advance up to 60" instead
of only 10°-15° as on chain case timing tab. Works on all 7-
1/4" diameter non-grooved vibration dampers.

P4.529070 Damper degree timing tape.

TDC Indicator Tool

This is a handy, positive-stop tool for determining exact
Top Dead Center (TDC) when centerlining camshafts.
This tool, of hardened steel, is extremely accurate and can
be used on all DaimlerChrysler engines. It takes the
guesswork out of finding TDC.

P4349737 TDC indicator tool.
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Degree Wheels

Building a new engine (or rebuilding an old one)
typically means installing a camshaft or checking
things such as TDC and camshaft centerline. These
operations will require a degree wheel to do accurately.

The most popular use of degree wheels is for
centerlining camshafts. Secondary uses related to TDC
and setting valve lash are very straightforward and tend
to use the “0” position, or TDC, and the point 180
degrees from zero; that is, there are no calculations.

However, calculations are required to find the camshaft
centerline. This brought about a unique feature of the
Mopar Performance Parts degree wheel (P4452990).
Most degree wheels on the market are numbered 0-90-
0-90-0. The Mopar Performance Parts degree wheel is
0-90-180-90-0. The reason for this is camshaft
centerlining. A typical camshaft centerline is 108
degrees. On the ordinary degree wheel, the actual
position is 18 degrees past the 90 degree point, or an
actual degree wheel reading of 72 degrees. Confused?
Confusion on this is very common and is another place
for errors, which you don't want when you're installing
the camshaft. The Mopar Performance Parts degree
wheel will read 108 degrees directly. Also, using .035"
below maximum lift as the measuring point, the typical

centerline measurements of 70 degrees and 146
degrees (that is, 70 + 146 = 216 + 2 = 108) will read
directly. This feature should make camshaft
centerlining easier to understand and execute correctly.
The Mopar Performance Parts degree wheel also has
instructions printed on the back side.

That doesn't look too tough—right? For fun, let's run
through the same measurements using a non-Mopar
Performance Parts degree wheel. The first measurement
will stay the same at 70. But the second measurement
will now be 34 degrees on the 0-90-0-90-0 style wheel.
Now what do you do? Add the two readings and divide
by two. That gives 104 divided by two, which is 52. But
we know that the correct centerline is 108 degrees.
Confusing, isn't it? Now you can see some of the
advantages of the 0-90-180-90-0 Mopar Performance
Parts degree wheel.

Degree Wheel

Durable Mopar Performance Parts aluminum plate, 0°-90-

180°-90-0° degree wheel for centerlining camshafts.
Features step-by-step installation instructions printed on
back side.

P4452990 Degree wheel.
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2. Offset Camshaft Bushings

We have our engine built and we’re off racing. We now
find some little problems. The vehicle doesn’t launch
as hard as we though it would! Maybe the camshaft is
too big or at least seems to be! Now what do we do?
The usual solution to these problems is to change the
camshaft centerline. This is physically accomplished
by using an offset camshaft device.

Once the camshaft manufacturer machines the drive
end of the camshaft, the “straight-up” position can’t be
easily changed. You can always have the problem of
being a “tooth off,” but that’s an installation mistake.
We’ll assume that we centerlined the camshaft
properly and everything is where the manufacturer
recommends it. As mentioned, after we run the vehicle
we may find that we want to change the centerline
(advance or retard) to improve the performance of our
specific package. There are two basic methods: offset
keys and offset bushings.

Jeep 4.0L and 2.5L engines use offset bushings. (The
360 AMC V-8 uses offset keys.) The relationship of
the camshaft drive to the camshaft is controlled by a
dowel pin in the end of the camshaft. This dowel pin
fits into a hole in the camshaft sprocket and properly
locates the camshaft. If you want to change this
relationship you use an offset bushing. To do this you
drill out the sprocket hole to the outside diameter of the
bushing and insert the bushing into this hole. The
inside diameter of the bushing fits over the dowel pin.
With this system you do need a zero offset bushing to
get back to standard. These offset bushings come in
package P3690936.

Camshaft Offset Bushing Set

For centerlining camshafts, all engines. Includes five
bushings: 2, 4, 6, and 8 degree offset, plus one on-center
bushing. Installs in camshaft sprocket. For all Jeep 4.0L
and 2.5L engines.

P3690936 Camshaft offset bushing set.

Calculating Duration at Fifty

Many engine wizards and scientists discuss camshafts in
terms of “duration at fifty” (actually .050" or fifty
thousandths). This is acceptable for roller/race camshafts
with lifts over .620" and/or advertised durations over 320
degrees. For hydraulic and small mechanical camshafts it
has little value and, if used, will almost surely lead to
selecting the wrong camshaft. As a camshaft selection
specification, it rates last! It can be very valuable for race
camshafts, but small camshafts are better off using lift and
advertised duration, or even overlap.

All this aside, some racers still want to know what the
duration at fifty is. We haven’t published it because it has no
value and will lead the racer to select the wrong camshaft.
However, in an effort to satisfy the “scientist” in all racers,
we’re going to give you an equation that you can use to
calculate the duration at fifty for our various small camshafts.
(It does not apply to camshafts with over .620" lift.)

To calculate the duration at fifty number for a production
camshaft, you multiply the advertised duration by .777. For a
Mopar Performance Parts camshaft you multiply the
advertised duration by .850. For example, a production
camshaft with an advertised duration of 260 degrees has a
calculated duration at fifty of 202 degrees. Keep in mind that
if you use this information to select a camshaft for your engine
you are almost guaranteed to get the wrong one! This
information is “for reference only,” as they say in engineering!

Base Circle

The term “base circle” describes one of the characteristics
of camshafts. Because the base circle does not directly
contribute to the horsepower potential of the
camshaft/engine combination, it is a term that isn’t well-
known or understood. Duration, lift, and overlap are the
“popular” terms.

In reality, the tappet (cam follower) spends more time on the
cam’s base circle than it does lifting the valve. Also,
whenever you discuss camshaft lift or lobe lift, you are
indirectly discussing the base circle. The nose height or
maximum lift of the camshaft lobe/profile is generally
understood and can be pointed out on an actual camshaftto a
beginning “student” by most of us “knowledgeable racers.”

The base circle is located 180 (or the opposite side) from
the nose of the camshaft. The lobe lift or camshaft lift is
defined as the difference between the nose height and the
base circle.

Let’s look at several examples of how to use the cam’s
base circle.

First let’s look at a 300 degree duration camshaft
(advertised, not at .050"). We know that the camshaft
rotates at 1/2 the crankshaft speed, or that the crankshaft
rotates twice for one revolution of the camshaft. Camshaft
duration numbers are given in crankshaft degrees. This
means that our 300 crankshaft degree camshaft really has a
lobe that extends around the camshaft for 150 degrees (300
divided by 2). Since a full circle has 360 degrees, the base
circle on our 300 degree camshaft extends for 210 degrees
(360- 150). Miscellaneous trivia: the 210 degree base circle
is larger than the 150 degree camshaft lobe profile that lifts
or opens the valve.
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Second, the base circle is measured as a '"height" or
distance from the center of camshaft. On a typical V-8
camshaft (for example) this height might be .750". If this
camshaft had a lobe lift of .333" (valve lift of .500"), then
the nose height would be 1.083" (.750 *.333). This height
would also be measured from the center of the camshaft.
The important thing to remember is that the nose height
basically doesn't change for any given engine. The base
circle has to change from one lift profile to another.

This oddity of the nose height staying constant and the base
circle changing is caused by a special physical condition in
overhead valve engines. The nose of the camshaft must fit in
through the camshaft bearings in which the camshaftjournals
ride. This essentially defines the maximum height of the nose
of the camshaft. If the nose height were any higher, it
couldn't be installed through the camshaft bearings. (This is
not a problem on overhead camshaft engines.)

Question: If the nose of the camshaft can't be increased,
then how are higher lift profiles made? Answer: By
grinding down the base circle. There really isn't any other
choice. This may sound bad for high lift camshafts, but
even a ,750" lift, all-out race hydraulic camshaft only
requires the base circle to be actually "cut-down" .160"
from a .500" lift.

There is one small error in this discussion that can lead to
confusion. We converted our 300 degree camshaft
(advertised) to 150camshaft degrees and compared it to the
210 degree base circle. A 300 degree camshaft is typical of
high performance hydraulic or a mild mechanical camshaft.
However, we left something out to simplify the discussion.
We left off the ramps!

Although not the same, hydraulic and mechanical
camshafts both have ramps. Ramps are defined and
designed differently by different manufacturers and for
different applications. They could run 20 to 30 degrees per
side which adds to the cam's physical duration and
increases it to 170-180degrees. This makes the base circle
and the "lift" profile itself almost equal in duration. This
sounds like a small detail, but it should not be passed over
too quickly. Remember, our example is basically a mild,
high performance hydraulic design, perhaps 235-240°
duration at .050".

Many people in the field like to check the cam's lift outside
of the engine by using a dial vernier (or micrometer) and
measuring across the nose and across the flanks (sides).
Actually, they measure from the base circle to the nose of
the camshaft. In our example, this measurement would be
1.833" (1.083 *+ .750). In theory, the steps of measuring
across the sides would measure from base circle to base
circle. In our example, this would yield 1.500" (.750 +
.750). If we subtracted these two numbers, we'd get the
cam's lobe lift (1.833 - 1.500 = ,333"). Numbers can be
magic! Nice theory, and it actually works well on stock
camshafts. However, in high performance designs, we have
a small ""built-in"" error.

In the second measurement (across-the-sides), we actually
measure from ramp to ramp. By nature, the ramp moves or
lifts slowly so we may only be picking up .010" per side for
the ramp lift. In more radical camshafts, this number gets
much higher. In our mild example, the .010" ramp error
would mean that we measured from .760" (.750 * .010) to
760 or a total measurement of 1.520". Now this doesn't
seem like much of an error, so why the big fuss?

The problem comes about relative to the camshaft lift
calculation. In our example, we'd now incorrectly calculate
that the cam's lift is .313" (1.833" - 1.520"). Still not sure
why so small an error is important? The whole reason for
making these measurements is to identify the camshaft. In
many cases, we don't know what the actual lift is. We are
trying to use the actual, measured lift to identify the
camshaft. Therefore, we'd multiply the measured camshaft
lift by 1.5,and find that the camshaft has 470" (.313 x 1.5)
of valve lift. Comparing this to a camshaft lift table, we'd
pick/identify the wrong camshaft.

Note: Always measure a performance or race camshaft
with a micrometer to ensure accuracy.

VALVE GEAR

This section is designed to tie all the valve gear information
for the 4.0L Power Tech engine together in one place. The
valve gear —especially camshaft and valve spring selection
and their effect upon the remaining components —is one of
the most important areas in the performance of your engine
next to the induction system. The valve train area has been
expanding rapidly in recent years which has led to a lot of
confusion. Deciding what piece to use, where and with
what other parts has become very complicated. Add to this
the similar parts available from Mopar Performance Parts,
Crane, Competition Cams, Isky, etc., and it becomes almost
hopeless to sort it all out.

In this chapter we will concentrate on the 4.0L. Power Tech
engine which is a wedge. We will stay strictly in the valve
train area. Related subjects and areas such as engine
blueprinting and individual engine part numbers and
specifics are covered in separate sections.

Some of the information that will be covered has been
stated in other sections of this book. Valves, cylinder heads,
and camshafts are closely related areas, and much of the
information overlaps. We will put all this currently
published information together in this section. We'll also
add some new parts, part numbers and information that
have become available, but things are changing quickly.
Please keep in mind that the information gathered in this
section contains the latest recommendations and that other
(older) sources may differ.

TN . -
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General Valve Gear

We will begin by familiarizing ourselves with the general
valve gear or valve train system. Valve gear is generally
divided into two separate groups: hydraulic and mechanical.

1. Hydraulic Valve Gear

The hydraulic valve gear is usually production or
standard on any particular engine (such as the 4.0L).
The parts that are unique to the hydraulic valve gear
are the stamped steel rocker arm, the double-male
pushrod and the hydraulic lifter.

Jeeps have a unique hydraulic valve gear arrangement
that could be considered a ball stud valve gear
arrangement. Though not to a great extent, this ball
stud valve gear allows Jeeps to have some adjustment
in the valve gear via the unique twin rocker/pushrod
arrangement.

2. Mechanical Valve Gear

The second group of valve gear is generally lumped
together under the “mechanical” heading. It could also
be called adjustable valve gear because the major
visual difference of this group is the adjustable rocker
arm. This would be descriptive but somewhat of a
misnomer since adjustable rocker arms can be used
with a hydraulic camshaft. However, it is mandatory
that mechanical camshafts use adjustable rocker arms.
Mechanical valve gear is also used with roller
camshafts.

Valve Gear Selection

Once the camshaft and valve spring are selected, the rest of
the valve gear can be selected. The camshaft, whether
hydraulic or mechanical, will select the lifter, pushrod and
rocker arm. The valve spring will dictate the valve seal. The
only independent left is the valve. This is also selected by
application. (Refer to Valves, later in this section, for
complete information.)

Note: The full valve gear must be considered if the
camshaft is to be changed. Whether the camshaft is to be
changed or not is left up to the individual to decide.

VALVE GEAR PERFORMANCE AND ASSEMBLY
TIPS

1. If mushroom lifters are to be used, install them and
check to see that they all hit the surface which you
ground evenly on the bottom of the lifter bore. There
should be no high spots. Also, check for clearance to
the camshaft bearing shell. Grind clearance notch in
the camshaft bearing where required.

If roller lifters are to be used, the bar (or other locating
device) should be checked for block clearance after
installation. Some roller lifter setups require block
grinding to allow the two lifters and bar locator to go
up and down freely.

"Valves should be measured to be sure they are the
proper size and should be inspected for flaws or other
damage. Measure the actual outside diameter of the
valves to be used and record the information.

Valve springs should be load checked. Weak ones will
have to be replaced. Record loads and height checked at.

Note: Not all spring testers are the same. Many are not
maintained and calibrated on a frequent basis. This
makes the absolute value of spring loads quite
unreliable. However it is a very good comparative tool;
i.e., measuring all springs on the same tester or
measuring the same spring new and used. The bigger
advantage of load checking is to see if the springs have
“gone away” or to see if a second set of the same spring
is as “strong” as the first set which worked well.

With the valves, keepers and retainers installed, check
the valve spring height. This should be compared to the
spring load information and the correct thickness shim
chosen to get the same installed spring load on each
valve. Spring installed height must be carefully
controlled to avoid “coil bind” by providing at least
.100" more height at maximum valve lift than the solid
height of the spring.

With the same spring height setup as #5, measure the
outer valve spring height, the inner valve spring height,
and the keeper-to-valve guide clearance. The camshaft
lift (lift of the camshaft measured at the lobe or lifter)
cnultiplied by the rocker arm ratio plus .050" should be
less than the keeper-to-guide clearance in the valve
closed position or the guide will have to be shortened.
Measure the “solid height” of both the inner and outer
springs. This solid height plus .100" plus the valve lift
(‘camshaft lift multiplied by the rocker arm ratio)
should be equal to or less than the installed height for
each spring.
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10.

12.

Check rocker arm-to-valve tip relationship for
alignment. Improper alignment can place undue side
loads on valves, causing rapid valve guide wear.

Check valve tip for scuffing or high wear.

Check the pushrods for straightness and for length. If
they are too short, they can’t be adjusted to work
properly. If they are too long, they will over-angle the
rocker arm and, with high lift camshafts, hit the bottom
of the rocker.

With the camshaft in the block and the head installed,
the actual valve lift measured at the valve retainer can
be checked. The camshaft lift multiplied by the design
rocker arm ratio should yield the valve lift. However,
this is not the case in an actual engine. The actual
rocker arm ratio will be less than the design rocker
ratio, which is typically 1.5 for wedge engines. This
will cause the valve lift to be less than the number that
is calculated. This is due to the rocker arm ratio itself
plus the effect of the geometry of the head.
“Blueprinted” mechanical rocker arms (those with the
exact design ratio) are available for most engines from
various high performance machine shops.

. With larger diameter valve springs and heavy duty

mechanical pushrods used with high lift racing
camshafts, it is common to have to grind retainer
clearance and pushrod cup clearance on the rocker arm.
The resulting notch should be kept to an absolute
minimum because it weakens the rocker arm.

To optimize rocker arm geometry, a cut-to-length
pushrod kit is recommended, but only to the very
serious racer, or for engines with large amounts of head
milling and block decking. Custom pushrod lengths are
used to obtain ideal rocker arm geometry which allows
the best performance from a given camshaft.

13. The proper adjustment (ideal) for a mechanical rocker
adjusting screw is to have only one thread showing
below the rocker arm with the valve lash set properly
(two may be OK, three shaky, etc., but high rpm makes
only one thread showing more desirable). This
obviously requires custom length pushrods for every
engine. If you’ve “smoked” your pushrods and you had
all the threads showing below the rocker (i.e., pushrod
is too short), more oil to the valve gear won’t cure the
problem. Only longer pushrods will do the job.

14. Write down all measurements made.
SPECIAL VALVE GEAR THEORIES

The valve gear is attached to the cylinder head and very
closely related to it as part of the total performance team.
There are several theories (engineering considerations)
concerning the cylinder head-valve gear area that are
interesting to discuss. Since each theory could have its own
chapter, the discussion will be brief.

Valve Gear Oiling

Oiling the valve gear in a standard engine is virtually
automatic, as long as the engine has oil pressure. In a
modified, high performance engine it can be another story.
When recommendations are followed, most racers will
have no oiling problems. When oiling problems do
develop, they generally manifest themselves as burned
rocker arms, broken pieces, etc. Unfortunately, the pieces
that look the worst aren’t usually the cause of the problem.
In the majority of cases relating to valve gear oiling, it’s not
a matter of what you should do, but what you should not do.
The problems mentioned are the result of poor oiling,
assuming the engine is being oiled properly; that is, no
foaming, correct oil pressure, etc.

The first thing to check is to be sure a camshaft bearing
hasn’t “turned” so that its oiling hole(s) aren’t lined up with
the hole(s) in the block. Next, be sure the passage from the
camshaft to the block’s deck isn’t blocked or restricted.
This is usually done with a long handled bottle brush.

At the deck surface of the block it is common for racers to
install a restrictor. THIS IS NOT RECOMMENDED and, if
found, should be removed. If you have “smoked out” your
pushrods or scuffed the valve tips, this is probably the
cause. Next, check the head gasket and cylinder head for
oiling hole alignment.

At this point you can have two different types of problems
depending on whether your engine uses hydraulic rockers or
mechanical rockers. A problem with hydraulics is most likely
caused by an oil leak that prevents the oil from reaching the
rockers. Spacers used between the rocker stand and the rocker
shaft will, over an extended period, cause these problems because
of leakage. Also, the rocker shaft could be installed incorrectly
(upside down, reversed, etc.). Adjustable hydraulic pushrods can
help solve length problems with hydraulic valve gear.
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Problems occurring with mechanical rockers can be much
more complicated. Since there is no need to put spacers
between the rocker shaft and the pedestal, a leak there would
be unusual. Rocker shaft installation is very critical. Banana
grooves are usually added to mechanical valve gear shafts to
improve oiling of the rocker itself. Bushed rockers are more
tolerant of low oil conditions, but standard mechanical
rockers should be adequate for most applications. At this
point, with oil to the rocker, it must be distributed to the
valve tip and the pushrod tip. Accomplishing this is very
tricky. Exactly where and how these holes are located is very
critical, and each engine is unique.

Valve Train Geometry

The valve train is everything that connects the valve to the
tappet. Valve train geometry involves knowing where all
these parts are located and how they fit together. Geometry
itself is not easy to explain, even if you have taken math
courses in college. Understanding geometry and applying it
to an engine is even more difficult to explain. Although it is
quite complicated to work out, DaimlerChrysler/Mopar
valve trains are well sorted-out systems, as are most
production systems.

Weight is very important to ultimate engine speed as are
valve spring loads. Geometry itself can yield rpms with the
same valve spring loads.

Valve train geometry directly affects valve train oiling which,
in the long run, is the most important consideration. If the
valve gear doesn’t oil properly, you may smoke-out or bum
the pushrod ends, valve tips, etc. Titanium valves or increased
valve spring pressure will not solve these problems.

To help you, we have come up with several valve train
geometry “tips.” However, these tips are only to help you
build your engine, they are not blueprinting (inspection)
standards. Blueprinting standards apply to one part and one
aspect of that part. As you begin to put various parts together,
you have a problem that is called “stack-up of tolerances.”
Predicting, keeping track of, and controlling stack-up of
tolerances is what good engine building is all about.

As stated earlier, valve train geometry is related to how
parts fit together and where they are located; for example,
the number of adjuster threads showing below the rocker
arm, or the valve tip-to-rocker arm relationship. Although
this may sound relatively straightforward, everything
affects these relationships: the cylinder head, block,
camshaft, valves, valve job, etc. Yes, you can make it
perfect for each set of parts, but that would cost thousands
of dollars. And you wouldn‘t go any faster! However, there
are ways to cut down this expense.

You could hand select the block, head, etc., but the best
solution is to use cut-to-length pushrods. Custom cut-to-
length pushrods solve all these problems without all the
expense. Pre-made pushrods work fine but, if you want an
exact relationship (geometry) between the rocker arm and
the adjusting screw, you’ll need a cut-to-length pushrod kit.

The valve tip-to-rocker arm relationship isn’t as easy.
Usually the factory set-up is close. Valve lift is a big factor.
Valve lengths and valve jobs also make a big difference.
The cylinder head must also be considered. A little
compromise is best used here. If the rocker arm pad is on
the valve tip with the valve closed, and is still on the valve
tip at maximum lift, consider yourself lucky. We don’t
recommend cutting the valve tip for any reason. It will
remove the hardness on the valve tip and make it soft. With
very mild camshafts and soft springs, the problem may not
be as obvious, but it’s there!

Dynamics

Dynamics is defined as the engine speed (rpm) potential of
a given camshaft profile when used with a specific valve
spring and valve gear set-up.

A high performance hydraulic camshaft in a 2-Bbl. engine
might have an ultimate engine speed of 6,400 rpm, but with
a high performance spring the engine speed becomes 6,900
rpm. Obviously a 2-Bbl. engine with a stock camshaft isn’t
going to go 6,400, which means the valve gear is better than
the rest of the engine pieces. This is strictly a valve gear
test. In many cases the ultimate speed may be 7,500, but
false motion may occur at 6,000 or 6,500. The engine will
not achieve the ultimate speed. In any case, the camshaft
dictates the engine’s output, and a valve spring must be
chosen that will allow the camshaft to do its job.

A Super Stock engine might run 6,000 rpm while a Late
Model engine might run 7,500 rpm—the same valve spring
can’t be used even if the camshaft is the same.
Concentration on ultimate speed can lead to overkill results.

Note: Titanium valves are usually used to obtain ultimate
engine speed, but this would be overkill in most cases.

VALVES

The 4.0L Power Tech engine standard production valves are
made of heat resistant steel and have chrome plated stems to
prevent scuffing. All valves use a three bead lock keeper to
retaining the valve spring and promote valve rotation.

The important considerations when choosing valves are
diameter, length, stem size, weight, number of lock grooves
(Figure 4-25) and valve head shape or profile (Figure 4-26).
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Jeep 4.0L Valve Specifications Chart
Part Number Location Diameter Length Material Modification

P4529212 Intake std. Std. Std. Std. Back-cut, 8 mm

P45292 13 Exhaust Std. Std. Std. Back-cut, 8 mm

P5249875 Intake 1.92" 491" Stainless 8 mm stem

P5249877 Intake 1.97" 491" Stainless 8 mm stem

P5249879 Exhaust 1.50" 4.93" Stainless 8 mm stem

P5249880 Exhaust 156" 4.93" Stainless 8 mm stem
Length changes the installed spring height and rocker arm I
geometry. Stem size affects the guide. A smaller stem valve ' =4
can be installed in wedge heads by installing the proper size INTAKE EXHAUST
valve guides. Smaller stem valves are lighter. Less valve VALVE VALVE
weight increases the engine speed with a given valve spring,
but weaker valves break in expensive failures. Therefore,
lightweight valves are made of stainless steel or titanium
material. Lock groove changes require new keepers.
That leaves valve head diameter and profile. Valve head
diameter is selected by the performance desired as it is
related to the other parts used. There are two basic valve

. . . VALVE SPRING

head profiles: tulip and nail-head. See Figure 4-26. Actual RETAINER LOCK
production valves are halfway in between. GROOVES
Wedge heads perform better with nail head valves. They PUGOS
also perform better if the valve seat is high in the head

making the valve sit high. Sinking wedge valves hurts
performance. The valve job should be done with only the . Figure 4 - 25
minimum amount of material removed. One of the big
performance advantages to oversize valves is that the seat
can be brought up after it has been sunk by repeated valve
jobs with the smaller valve. The valve tips should not be
ground to shorten them or to even them up because the tip
hardness is removed. If they are ground or cut, the tip

i
should be rehardened or the valve tip will wear poorly and
mushroom over.

1

In high output race engines we highly recommend installing

. . Tulip Head
bronzewall valve guides. If the head to be raced is a used uip Hea
piece, bronzewall guides are almost mandatory. Once the
bronzewall guides have been installed, the valves and seats l
can be ground more accurately and held to closer tolerances ‘
(narrower seats, etc.) without sacrificing durability. K
T
Nail Head
Figure 4 - 26
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Stainless Steel Valves

After much research Mopar Performance Parts has
introduced a new line of swirl-polished, stainless steel
valves. Most wedge valves have a “ski jump” on the
underhead part of the valve, which was best removed by
backcutting. Our new valves DO NOT have this so you get
better flow right out of the box! (Refer to Jeep Engine Valve
Specifications Chart for more information.)

Better part, pay more money? Well, in this case Mopar
Performance Parts was able to offer all these advantages
and take about $3 per valve out of the list price (and a
similar cut in the dealer price). That’s a price reduction of
approximately 31 percent!

Valve Grinding (Valve Job)

It is very important that the following specifications are
met: both seat and face angles for intakes and exhausts are
45°; seats should be .050" - .070" wide and kept as close to
the outer edge of the valve as possible; seat approach angle
is 70°. See Figure 4-27 for basic production valvejob.

|.  Basic Performance Valve Job

It is very important that the valve seat specifications
shown in Figure 4-28 be carefully followed. If valve
face and seat run-out is less than .0015", it is best to
leave the seats alone until 50 to 75 hard runs have been
made. Then, touch-up valves and seats according to the
specifications. Remember that the further the valve
seats sink into the ports, the less horsepower the engine
will produce. Never sink valves to equalize
combustion chamber volume. DO NOT grind the
valves or valve seats excessively and DO NOT narrow
the valve seats below specifications. (See Figure 4-29.)

2. NHRA Stock and Super Stock ValveJob

For a NHRA Stock or Super Stock valve job, the
following rules apply:

The valve must be faced at factory specification angle,
and the seat angle must also meet factory
specifications. The valve seat may be narrowed from
the top with any angle less than the seat angle, but not
to exceed 1/4" larger than the valve head (see Figure 4-
29). The seat may be narrowed from the bottom with
up to a 70° angle. The maximum width for valve seat
and bottom cut may not exceed 1/4" when measured
together (top of seat to bottom of cut).

Bracket ValveJob

In bracket racing there are no rules regarding valve
work, so we can have a special bracket valve job,
sometimes referred to as a competition valve job. The
valve part is relatively easy. Production wedge valves
have a small ski-jump on their backside just below the
seat itself. The back cut removes this (see Figure 4-30).

Backcut angles vary from 20 to 35 degrees depending
on the engine. Backcutting the valve tends to make the
valve seat narrower, for which we strongly recommend
that bronzewall valve guides be installed in the head.

Modification of the valve seat in the head is not as easy
to explain. The valve seat itself is 45 degrees, standard.
The throat (or approach) angle is 70 degrees, but
sometimes 65 degrees is used because the orbital
grinder used to grind the seats occasionally will
“‘chatter”at 70. The 70 degree cut in the throat removes
a lot of material, which leaves a sharp edge where the
cut transfers to the “as cast” port. (See Figure 4-30 and
Figure 4-31.) This sharp edge should be removed very
carefully with a hand grinder so that it blends smoothly
into both the cast port and the 70 degree machined cut.
It is very important to keep to a minimum the metal
removed and to maintain the 70 degree cut, although it
may be narrower than it was originally. Extra caution
should be used on the port’s “short side” to keep as
much radius as possible.

T 71T
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Ideal Valve Face And Seat Widths
(Seat Should Center As Near —1
As Possibe On Valve Face):

Seat widths
Exhaust .07 = .01
Intake 05+ .01 N

Face widths.\
Intake .09 = .01
Exhaust .10 = .01 \

Seat Reconditioning

1. Grind Valve Faces and Seats to 45"
(Runout Not To Exceed .002").

2. Bottan Dress with 70° Stone.

3. Top Dress with 15"
for Light Reconditioning.

Figure 4 - 27

o

A-SEAT WIDTH (INTAKE 1/16 (1.587 mm) TO 3/32(2.381 mm) INCH
EXHAUST: (.080-.100 INCH) - (2-2.5 mm)

B-FACE ANGLE (INTAKE & EXHAUST: 44%42°-45°)

C-SEAT ANGLE (INTAKE & EXHAUST: 45°-45)%%°)

D-CONTACT SURFACE

Bk

PU605

Figure 4 - 28

T 7T
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Not over 1/4” larger than valve head

—

—
N

“¢—TOP CUT

/

N
\

~&—— BOTTOM CUT - 70 degrees

1/4” Maximum

Backcut Valve

Remove

B
]

BACKCUT VALVE

« Valve Seat
Centerline

Centerline

Figure 4 - 30

Figure 4 - 29

VALVE SEAT -STOCK ANGLE (45°)

Figure 4 - 31

Valve Timing

1. Disconnect spark plug wires and remove spark plugs.

2. Remove the cylinder head cover. Refer to Cylinder
Head Cover Removal, 'Cylinder Head' section of this

chapter, for the procedure.

3. Remove the capscrews, bridge and pivot assembly, and
rocker arms from above the No. 1 cylinder. Alternately
loosen each capscrew one turn at a time to avoid

damaging the bridge.

4. Rotate the crankshaft until the No. 6 piston is at top
dead center (TDC) on the compression stroke.

T 771771
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5. Rotate the crankshaft counterclockwise (viewed from
the front of the engine) 90”.

6. Install a dial indicator on the end of the No. | cylinder
intake valve pushrod. Use rubber tubing to secure the
indicator stem on the pushrod.

7. Set the dial indicator pointer at zero.

8. Rotate the crankshaft clockwise (viewed from the front
of the engine) until the dial indicator pointer indicates
0.305 mm (0.012”)travel distance (lift).

9. The timing notch index on the vibration damper
should be aligned with the TDC mark on the timing
degree scale.

If the timing notch is more than 13 mm (1/2") away
from the TDC mark in either direction, the valve
timing is incorrect.

If the valve timing is incorrect, the cause may be a
broken camshaft pin. It is not necessary to replace the
camshaft because of pin failure. A spring pin is
available for service replacement.

Polished Valve Stems

For many years, we have told racers to polish their valve
stems. This recommendation comes originally from Mr.
Tom Hoover, generally accepted as the father of the 426
Hemi. His quote was, “Like a mirror!” This process is quite
simple and doesn’t take very long. You start with very
smooth sand paper—400 to 800 grit. Then you move up to
finer cloths. Remember, you don’t want to remove any
material, you just want to make the stem smooth. You can
start the process by hand, but a drill press or similar
machine is generally used for the final polishing. Care
should be exercised to make sure that the valve is securely
chucked in the drill press and at the same time no marks are
left in the valve stem by the drill press chuck jaws. This
should be done to every valve prior to installation.

For most of us, this is just good engine building procedure.
For some of us, it may reduce valve guide wear, increase
cylinder head and engine durability, and reduce oil
consumption. In rare cases it even keeps valve guides from
being destroyed, which would also destroy valve seats
resulting in a very expensive head repair or replacement.

Valve Stem Lash Caps

Mopar Performance Parts valve stem lash caps have the
following features:

e Hardened steel for improved rocker tip durability
e Fit between the end of the valve and the rocker arm tip

e Larger area than stock valve tip to help spread the
rocker loads

e Sold in sets of 16 pieces

Valve Stem Lash Caps

P4120626 Valve stem lash caps, 3/8" stem.
P4120635 Valve stem lash caps, 5/16” stem.
P4529839 Valve stem lash caps, 11/32”stem.

VALVE STEM OIL SEALS

Most expensive, professional race car engines don’t use
valve stem oil seals because they are rebuilt after every
race. For the rest nf us, valve stem oil seals are very
important. The 4.0L engine standard production valve stem
oil seals are made of rubber and incorporate a garter spring
to maintain consistent lubrication control.

Valve stem oil seals control oil flow down the valve stem.
If they fail to do their job, oil will get into the combustion
chamber. This will cause your oil consumption to go up. Qil
is poor fuel, so burning it in the combustion chamber will
lower the amount of heat made in the combustion cycle and
therefore lower the amount of power made. Oil is also a
poor fuel in that it lowers the overall octane of the fuel
mixture in the combustion chamber and can cause
detonation problems. Detonation problems can lead to
spark plug fouling, which may be misinterpreted as an
ignition problem.

For anyone but the “pros,” a valve seal should be used. The
question is, which one?The keys to answering this question
are the valve spring and the camshaft.

The best valve seal is the Mopar Performance Parts Viton
seal (P4529240). It is called an “umbrella” seal. It is made
of a special high temperature Viton rubber and slips over
the valve stem. The “umbrella” drops over the top of the
valve guide. This requires the inside diameter of the seal to
be larger than the outside diameter of the valve guide. In
this manner, the seal shrouds the valve stem from the oil.
However, the larger outside diameter of the seal means that
it can’t be used with dual valve springs.

If you use dual valve springs, you have to use a Perfect
Circle race seal. It attaches to the top of the valve guide
itself. Therefore, the guide may have to be sized to get the
seal to fit properly. Unlike the umbrella seal which moves
up and down with the valve, the Perfect Circle race seal
doesn’t move. The valve stem slides by and the seal “wipes
off’ the oil. Since umbrella seals have no relative
movement to the valve stem, they are used in production
engines for maximum mileage/durability. The Perfect
Circle seal is not used in production engines but is
recommended with dual springs.

Valve stem size is the major determining factor when
selecting valve stem seals. All standard production 4 0L
valves (including oversize) are 8 mm stem. For a single
spring with damper, use heavy duty Viton seals
(P4529240). They work well for camshafts up to .510lift.
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For camshafts with more lift (over .510"), a dual spring is
required. Viton seals can't be used with dual springs
because there's not enough room; Perfect Circle seals
(P3690963, P4876099, P4876100) must be used. They are
not as durable as Viton seals; however, with new
bronzewall valve guides, they are acceptable.

Replace valve stem oil seals whenever valve service is
performed or if the seals have deteriorated.

Race Valve Stem Oil Seal Sets

Perfect Circle valve stem oil seals for use with dual valve
springs in race applications. Set of 16 seals. Includes
installation tool.

P3690963 Race valve stem oil seal set, 3/8"
inside diameter.

P4876099 Race valve stem oil seal set, 11/32"
inside diameter.

P4876100 Race valve stem oil seal set, 5/16" inside

diameter.

Viton Valve Stem Oil Seal Set

Viton heavy duty umbrella seals are specially designed to
withstand high temperatures. Helps prevent oil seepage
down valve guides. Good for dual purpose high
performance engines. Includes 6 intake and 6 exhaust
seals. Not recommended for dual valve springs. Fits 4, 0L
engine valves with 8 mm stems only.

P4529240 Viton valve stem oil seal set.

VALVE GUIDES

Valve guides are an integral part of the cylinder head and
are not replaceable; however, they are serviceable.

When the stem-to-guide clearance is excessive, the valve
guide bores must be reamed to accommodate the next larger
oversize valve stem.

Oversize stem service valves are available in 0.0762 mm
(0.003"), 0.381 mm (0.015"), and 0.762 mm (0.030") stem
sizes. Ream valve guide bores in steps, starting with the
0.0762 mm (0.003") oversize reamer and progress to the
size required.

Valve Stem-to-Guide Clearance Measurement

Valve stem-to-guide clearance may be measured by either
of the following two methods.

1. Preferred Method

a. Remove the valve from the head. Refer to Valve
Removal section of this chapter for the procedure.

b. Clean the valve stem guide bore with solvent and
a bristle brush.

c. Insert the telescoping gauge into the bore of the
valve stem guide approximately 9.525 mm (.375")
from the valve spring side of the head with contacts
crosswise to the cylinder head (Figure 2-67).

d.  Remove and measure the telescoping gauge with
a micrometer.

e. Repeat the measurement with contacts lengthwise
to the cylinder head.

f.  Compare the crosswise measurement to the
lengthwise measurement to determine out-of-
roundness. If the measurements differ by more
than 0.0635 mm (0.0025"), ream the guide bore to
accommodate the oversize valve stem.

g.  Compare the measured valve guide bore diameter
with the diameter listed in 4.0L Engine Specifications,
'Engine Assembly' section of this chapter. If the
measurement differs from the specification by more
than 0.0762 mm (0.003"), ream the guide bore to
accommodate the oversize valve stem.

Note: Valve seats must be reground after reaming
the valve guides to ensure that the valve seat is
concentric to the valve guide.

2. Alternate Method

a. Use a dial indicator to measure the lateral
movement of the valve stem (stem-to-guide
clearance) with the valve installed in its guide and
just off the valve seat (Figure 2-68).

b. The correct clearance is 0.0025-0.0762 mm
(0.001-0.003"). If the indicated movement
exceeds the specification, ream the guide bore to
accommodate an oversize valve stem.

Note: Valve seats must be reground after reaming
the valve guides to ensure that the valve seat is
concentric to the valve guide.

VALVE SEATS

With cast iron cylinder heads, all the valve seats are
machined into the head material. (Aluminum heads use
valve seat inserts.) One of the most important items in a
high output engine is the valve job.

Valve Seat Refacing

1. Install a pilot of the correct size in the valve guide bore
and reface the valve seat to the specified angle with a
good dressing stone. Remove only enough metal to
provide a smooth finish.

2. Use tapered stones to obtain the specified seat width
when required.

3. Control seat runout to a maximum of 0.0635 mm
{0.0025"), using a dial indicator (Figure 4-32).
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Part Number | Installed Ht. Description O.D. Wire Diameter Lift Range Material
P4529214 1.64" Cylindrical 1.31" 177" .350/.430" Prod.
P45292 15 1.64" Conical Prod. Prod. .350/.430" Prod.
P5249464 1.64" Single w/damper 1.42" 187" 400/.525"  |Chrome-sil

DIAL
INDICATOR

Figure 4 - 32
VALVE SPRINGS

The 4.0L engine standard production valve springs are
made of high strength chrome steel. The springs are
common between intake and exhaust applications. The
valve spring seat is integral with the valve stem seal.

Valve springs are very closely tied to the camshaft and, next
to the camshaft itself, are the most important valve gear
performance parts. The important valve spring selection
considerations are camshaft lift and profile, spring outside
diameter, loads, engine rpm, and solid height.

Valve springs come in many shapes and sizes for many
different applications. Some are interchangeable with
production pieces and some are not. Some fit only on
specific engines. Most stock production engines use a
single spring; high performance production engines use a
single spring with damper; race engines use either a dual
spring (inner, outer, plus damper) or a triple spring (inner [,
inner 2, outer, without a damper). With so many
considerations, we wanted to separate the springs into
smaller groups to simplify the discussion. We chose
installed height. For valve spring specifications, refer to the
Jeep Engine Valve Spring Specifications Churt. A typical
race valve spring is shown in Figure 4-33.

A valve spring should never seat directly against an
aluminum head. A steel spring cup should be used. The
spring seat in a cast iron head should not be cut to increase
the installed height (.030" maximum for clean up).

It's best to select valve springs by camshaft choice. The
spring height should be measured after the valvejob is done
and with the retainer that is going to be used.

Valve spring spacers are used to decrease the installed height
of the spring, thereby raising the closed load of the spring.

Valve Spring Shim Packages

Valve spring shims are an aid in the assembling of
performance or race cylinder heads. Shims are placed
under each valve spring to equalize the installed height
and pressure among springs. On aluminum heads, spring
shims are required to prevent the valve spring from
galling the aluminum spring seat. The cup-type shims are
used to prevent valve spring movement (walk) about the
spring seat. Mopar Performance Parts offers these shims
in packages of 16.For all engines with inner spring seat
removed - .645" inner seat inside diameter.

P5249180 Valve spring shim package, .015" thick.
P5249181 Valve spring shim package, .030" thick.
P5249182 Valve spring shim package, .060" thick.
P5249183 Valve spring shim package, .060" thick,

cup-type.
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Figure 4 - 33

Big Camshaft Valve Spring Considerations

Engine builders have a tendency to forget some basics
when they are changing camshafts. Camshafts are so easy
to change and are changed so frequently it’s easy to miss an
item. The most common mistake is to forget to replace the
valve springs.

This can be a problem when bigger camshafts are installed
or when smaller camshafts are swapped in. One common
problem occurs when a stock hydraulic camshaft or small
RV design is replaced with a big, high lift unit. If you don’t
replace the valve springs so they match the new camshaft,
you’ll have problems ranging from lost performance to
broken parts.

Another problem—too much valve spring can be even
worse. This is usually arrived at in one of two ways. First is
the racer who wants the BEST valve spring, and works

under the “if it’s good for Super Stock, it must be good for
me” theory. The second way is to have a big camshaft in the
engine with its required big valve spring, and then remove
it and swap in a medium-sized hydraulic camshaft and
forget about replacing the valve springs. Either of these
approaches on a hydraulic camshaft, or even a small
mechanical camshaft, can cause failures such as scuffed
camshafts, worn out tappets, and broken rocker arms. The
springs that worked well with a high lift roller just don’t
work and cause all kinds of failures when used with smaller
profiles. Always refer to our camshaft application charts for
proper valve spring usage.

Valve Spring Installation Performance Tips

At first thought, the installation of valve springs sounds too
simple to even consider. The valve spring sits between the
retainer and the spring seat in the head. For performance
applications, there are some tricks to this simple system which
should be considered. Racers can use single springs, dual
springs, or triple springs, each one having special challenges.

Production engines typically use single springs, which
sometimes include a damper. The most important item
relative to valve springs is the installed spring height —the
distance between spring seat in the head to the underside of
the valve spring retainer. With a single spring, such as used
in production, you can use stock retainers, keepers and
good umbrella (Viton) valve seals (P4529240). Checking
the installed height assures that it is installed correctly.

The next most important item is to select the spring that’s
right for the camshaft. Each Mopar Performance Parts
camshaft has a specific valve spring, listed by part number,
that should be used. If it is not a Mopar Performance Parts
camshaft, then the camshaft lift must be known to select the
proper valve spring. Once the proper spring is selected and the
installed height checked, all that remain are some quick tips.

1. Basic Guidelines

The following are some basic guidelines to follow
whenever you install valve springs in your
performance engine:

a. Valve springs should be load checked. Weak ones
will have to be replaced. Record loads and height
checked at.

Note: Not all spring testers are the same. Many
are not maintained and calibrated on a frequent
basis. This makes the absolute value of spring
loads quite unreliable. However it is a very good
comparative tool; that is, measuring all springs on
the same tester or measuring the same spring new
and used.

The biggest advantage of load checking is to see if
the springs have “gone away” or to see if a second
set of the same spring is as “strong” as the first
which worked well.

T T
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b.  With the valves, keepers, and retainers installed,
check the valve spring height. This should be
compared to the spring load information (la) and
the correct thickness shim chosen to get the same
installed spring load on each valve.

c. Valve spring installed height must be carefully
controlled to avoid “coil bind” by providing at
least .100" more height at maximum valve lift
than the solid height of the spring.

Caution: DO NOT check solid height with a
spring that you intend to use in the engine.
Compressing a valve spring to solid height will
overstress it and cause premature load loss or
spring breakage.

d.  With the same spring height setup as 1b, measure
the outer valve spring height, the inner valve
spring height, and the keeper-to-valve guide
clearance. The camshaft lift (lift of the camshaft
measured at the lobe or lifter) multiplied by the
rocker arm ratio plus .050" should be less than the
keeper-to-guide clearance in the valve closed
position or the guide will have to be shortened.
Measure the “solid height” of both the inner and
outer springs. This solid height plus .100" plus the
valve lift (camshaft lift multiplied by the rocker
arm ratio) should be equal to or less than the
installed height for each spring.

Dual Springs

Dual springs are unique in that they are two springs
separated by a damper. These are the most common
valve springs used in racing. Because the second
spring is installed inside, the inside diameter of this
spring must be measured.

Typically the spring seat in a stock production head is
only machined for an outer spring. This requires that
the spring seat be machined down flush with the outer
spring surface. In some cases, the inside diameter of
the inner spring is less than the outer diameter of the
valve guide. This requires the guide to be machined
down in outside diameter.

With the inner spring seat in the head machined even
with the outer, the inner spring usually will go “solid”
after the outer, so the outer spring is still the critical
measurement. However, DO NOT overlook the inner.
The same thing is true of the damper. It is unusual, but
it could go solid before the outer. However, its length
can be trimmed to give the necessary clearance. For the
inner spring, a new retainer would have to be used
unless the inner spring seat wasn’t flush. To check the
solid height of the inner spring, it should be removed
from the dual spring assembly, leaving the outer and
the damper together. The solid height of the damper

can be checked in the outer and then removed. The
outer can be checked alone. These two measurements
should be the same.

Dual springs usually require a performance-type
retainer, but many single springs can be used on dual
spring retainers. The retainer and valve dictate the
keeper style and type. However, the keeper-to-guide
clearance should be measured and compared to the
camshaft’s maximum lift. The guide clearance,
including the seal (if used) should be at least .050"
greater than the camshaft lift. Dual springs DO NOT
allow good umbrella (Viton) valve seals to be used;
special Perfect Circle valve seals must be used.

Triple Springs

Triple spring are the most complicated. They consist of
three separate springs: two wound in one direction and
a middle spring wound in the opposite direction. Many
people interpret a dual spring with damper as a triple
spring, but it’s not. Triple springs require a special
retainer. Otherwise, they install similar to dual springs.
They may require a smaller outside diameter on the
valve guide. If not a Mopar Performance Parts triple
spring, check the seal outside diameter against the
inside diameter of the inner spring. Here you have
three installed heights and three solid heights to check.
The outer is again the most critical and most likely to
cause problems, but don’t overlook the inner two.

VALVES AND VALVE SPRING REMOVAL AND
INSTALLATION

(Refer to Figure 4-34.)

Removal

Note: This procedure can be done with the cylinder head
installed on the block.

Each valve spring is held in place by a retainer and a set of
conical valve locks. The locks can be removed only by
compressing the valve spring.

L.
2.

Remove the engine cylinder head cover.

Remove capscrews, bridge and pivot assemblies
and rocker arms for access to each valve spring to
be removed.

Remove pushrods. Retain the pushrods, bridges,
pivots and rocker arms in the same order and position
as removed.

Inspect the valve springs and retainers for cracks and
possible signs of weakening.

Remove the spark plug(s) adjacent to the cylinder(s)
below the valve springs to be removed.
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6. Connect an air hose to the adapter and apply air
pressure slowly. Maintain at least 621 kPa (90 psi) of
air pressure in the cylinder to hold the valves against
their seats. For vehicles equipped with an air
conditioner, use a flexible air adapter when servicing
the No. 1 cylinder.

7. Tap the retainer or tip with a rawhide hammer to loosen
the lock from the retainer. Use a valve spring
compressor tool to compress the spring and remove the
locks (Figure 4-35).

8. Remove valve spring and retainer (Figure 4-34).

9. Remove valve stem oil seals (Figure 4-34). Note the
valve seals are different for intake and exhaust valves.
The top of each seal is marked either INT (intake) or
EXH (exhaust). DO NOT mix the seals.

10. Remove the valves and place them in a rack in the
order in which they are removed.

VALVE

LOCKS @ . RETAINER
(3-BEAD)
P

@ VALVE STEM
SPRING @/ OlL SEAL

S

INTAKE
VALVE
EXHAUST
VALVE
80b7704b

Figure 4 - 34

VALVE i
“OMPRESSOR 1§
TOOL

Figure 4 - 35
Cleaning

1. Clean all carbon deposits from the combustion
chambers, valve ports, valve stems, valve stem guides,
and cylinder head.

2. Clean all grime and gasket cement from the cylinder
head machined gasket surface.

3. Inspect for cracks in combustion chambers and valve ports.
Inspection
1. Inspect for cracks on the exhaust seats.

2. Inspect for cracks in the gasket surface at each
coolant passage.

3. Inspect the valve for burned, cracked or warped heads.
4. Inspect for scuffed or bent valve stems.
5. Replace valves displaying any damage.

Valve Clearances

Proper valve clearances in a race engine are very important
to prevent bent or broken valves.

1. The valve-to-valve clearance should be checked first.
This is done with both valves on the seat. This is
important in all engines.

2. Piston-to-valve clearance is equally important. The
piston-to-valve clearance is usually measured by
placing modeling clay on the piston and manually
turning the engine over with the head bolted on and
camshaft, lifters, pushrods, etc., adjusted to zero lash.

3. The clearance between the valve and the block is
usually only considered when installing oversize
valves. In some cases, a notch in the side of the
cylinder bore below the valve is required.
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4. Check rocker arm-to-valve tip relationship for
alignment. Improper alignment can place undue side
loads on the valves, causing rapid valve guide wear.
Rocker shaft spacers or grinding the rocker can be used
to move the rocker armup or down the shaft to align it
on the valve tip.

Valve Refacing

1. Use a valve refacing machine to reface the intake and
exhaust valves to the specified angle.

2. After refacing, a margin of at least 0.787 mm (0.031")
must remain (Figure 4-36). If the margin is less than
0.787 mm (0.031"), the valve must be replaced.

MARGIN
e

NO MARGIN

INCORRECT J9009-78

Figure 4 - 36
Valve Spring Tension Test

Use a valve spring tester and a torque wrench (Figure 2-66)
to test each valve spring for the specified tension value.
(Refer to 4.0L Engine Specifications, 'Engine Assembly'
section of this chapter, for valve spring tension values.)

Replace valve springs that are not within specification.

Note: Most people in the performance industry use a
simpler, more common valve spring tester that does not
require a torque wrench to arrive at the tension (load).
These simpler to use valve spring testers allow you to
compress the spring to the height (open or closed) that you
want to measure and then read the load directly off a scale
that is on the tester itself. The key to valve spring testers is
to obtain the correct installed height.

Installed Height and Guide

The installed height can be checked quite easily. However,
with high lift camshafts, more care should be taken than
just measuring the outer spring height. The inner spring
should be checked, too. The solid height of the outer spring,
inner spring and the damper should also be checked. Most
springs, including production and dual springs (outer) will
go solid at 1.1-1.2". Race springs will go solid at 1", while
dual springs (inner) will go solid at less than 1",

Note: Be sure to check inner and outer springs separately.

While measuring the installed spring height, also check the
keeper-to-guide clearance. If inadequate clearance is found,
the guide will have to be shortened. The easiest way to do
this is by grinding it. If dual springs are used, the inner
spring seat may have to be dropped even with the outer
spring seat, and the outside diameter of the guide itself
decreased for the inner spring to fit over it.

Installation

This procedure can be done with the cylinder head installed
on the block.

Caution: Install oil seals carefully to prevent damage from
the sharp edges of the valve spring lock groove.

1. Thoroughly clean valve stems and valve guide bores.
2. Lubricate the stem lightly.

3. Install the valve in the original valve guide bore from
where it was removed.

4. Lightly push the valve seal over the valve stem and
valve guide boss. Be sure the seal is completely seated
on the valve guide boss.

5. [Install valve spring and retainer.

6. Compress the valve spring with a valve spring
compressor tool and insert the valve locks. Release the
spring tension and remove the tool. Tap the spring from
side-to-side to ensure that the spring is seated properly
on the cylinder head.

7. Release air pressure and disconnect the air hose.
Remove the adapter from the spark plug hole and
install the spark plug.

8. Repeat the procedures for each remaining valve spring
to be removed.

9. Install the pushrods. Ensure the bottom end of each rod
is centered in the plunger cap seat of the hydraulic
valve tappet.
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Jeep 4.0L Valve Spring Retainer Specifications Chart |

Retainer | Material Locks Valve Stem Size Valve Spring
P4529216 Steel 8° 8 mm Single-Std.
P4529217 Steel 8° | 8 mm Conical
Jeep 4 and 6 Cylinder Engine Keepers (Locks)
Part Number | Valve Stem Size Angle Hardened Groove Use With Retainers Sets
P4529218 8 mm 8” Std. Single P4529216, P4529217 24 Pieces
10. Install the rocker arms, pivots and bridge at their performance keepers and retainers. Other manufacturers

original location.

11. Tighten the bridge capscrews alternately one turn at a
time to avoid damaging the bridge. Tighten the

capscrews to 28.5 Nem (21 ft-1bs) torque.

12. Install the cylinder head cover.
VALVE SPRING RETAINERS AND KEEPERS
(LOCKS)

Valve spring retainers are a pretty simple engine part. They
come in steel, chrome-moly, aluminum, and titanium.
Keepers (or locks) are the mating piece between the valve
stem and the retainer. The usual design consideration is the
number of lock grooves on the valve stem—one, two, or three.
The valve stem size affects both the keeper and retainer.

One specification that hasn’t been mentioned, which affects
both the keeper and retainer, is the seat angle. For years
we’ve used 8 degrees as the angle of standard and high

call theirs 7 degrees. There really isn’t any difference
between these two labels. The actual angle is greater than 7
but less than 8. Effectively it’s the same. However, this isn’t
true of the special 10 degree keeper-retainer system. The
top width of the 10 degree system is much wider than the 7-
8 degree system. In either case, keepers and retainers can
only be swapped as a total system. You can’t use 8 degree
keepers with 10 degree retainers or vice versa. Be careful.
This isn’t as obvious to spot as it sounds.

The retainer should be light and strong. Stock production
steel retainers are acceptable for most applications. A
serious race engine with a high lift camshaft should use
titanium retainers.

Note: NEVER sink the valves deliberately to increase the
installed height. This results in reduced performance.

Mopar Performance Parts valve keepers (locks) are made
froni hardened steel and are available in single and triple
groove styles to meet your application requirements

T 77717171
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8" Versus 10" Retainers and Keepers (Locks)

Valve spring retainers are attached to the valve by "keepers"
or locks. All standard production 4.0L engine valve keepers
were an 8° design. The production retainers, likewise, were
an 8" design. Currently there are 10° keepers and retainers
available, but they are used only in racing. In a high rpm
race engine, an 8" keeper can "pull through' the retainer. In
an expensive race engine this can be disastrous. The 10°
keeper and retainer system is a hard-core racer part that is
designed to keep this from occurring. The 10° retainer
cannot be used with 8" keepers (locks) and vice-versa.

One note of caution. DO NOT assume that you have 10"
keepers or retainers. If you accidentally tried to use 10"
keepers with 8" retainers, you would instantly recognize that
something was wrong. However, if you were to use 8"
keepers with 10" retainers, it would not be so obvious, but
the results would be as disastrous. Always be sure to check
the valves that you'll be using for stem diameter and number
of lock grooves before ordering keepers and/or retainers.

Note: Keep in mind that if you have trouble with outer spring
coil bind, you have to increase the installed height. But if the
damper inside the outer spring goes solid, the simplest
solution is to trim the damper for the added clearance.

ROCKER ARMS

Jeep 4.0L engine standard production rocker arms are made
of stamped steel and have a operational ratio of 1.6:1. When
the pushrods are forced upward by the camshaft lobes the
pushrod presses upward on the rocker arms, the rocker arms
pivot, forcing downward pressure on the valves forcing the
valves to move downward and off from their seats.

The most important considerations in rocker arms are
strength and durability. Strength is required to minimize
deflections and transfer the camshaft motion to the valve
accurately. The most important item regarding a high
performance hydraulic camshaft is that the higher valve
spring loads required by the camshaft puts more load on the
rocker arms, which causes the pushrods to have a tendency
to pierce the rocker arm.Thicker material in the pushrod
ball or cup area is the only solution to the problem. These
heavy duty hydraulic rocker arms are available from Mopar
Performance Parts.

To optimize rocker arm geometry, a cut-to-length pushrod
kit is recommended, but only to the very serious racer or for
engines with large amounts of head milling and block
decking. The rocker arm tip should contact squarely over
the tip of the valve.

Heavy Duty Rocker Arm

Heavy duty stamped rocker arms for use with hydraulic
cams (only). Right and left rockers are the same. Can be
used to service stock engines. For all 2.5L and 4.0L Jeep
engines. (Sold individually.)

P4529221 Heavy duty rocker arm.

Roller Rocker Arm Set

Fits all 2.5L and 4.0L engines. (Must use a spacer for
valve cover clearance.)

e Contains one cylinder set of two rockers, two support
stands, rocker shaft and screws.

e Extruded aluminum rockers, anodized blue.

e Can be used with hydraulic, mechanical or roller
camshafts.

e Roller tip and center pivot to reduce internal friction.
e Provides exact geometry; 1.6:1 ratio.
e Adjustable, oil through pushrod style.

P4529885 Roller rocker arm set.

Aluminum Rocker Assembly Lube

When you use aluminum roller rockers, don't take a
chance with a substandard lubricant. Mopar Performance
Parts assembly lube is a must to complete the job right.

P5249099 Aluminum rocker assembly lube.
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Removal

1. Remove the cylinder head cover. Refer to Cylinder
Head Cover Removal, ‘Cylinder Head’ section of this
chapter, for the procedure.

2. Remove the two capscrews at each bridge and pivot
assembly (Figure 2-62). Alternately loosen the capscrews
one turn at a time to avoid damaging the bridges.

3. Remove the bridges, pivots and corresponding pairs of
rocker arms and place them on a bench in the same
order as removed (Figure 2-62).

4. Remove the pushrods and place them on a bench in the
same order as removed (Figure 2-62).

Cleaning and Inspection

Clean all the components with cleaning solvent and use
compressed air to blow out the oil passages in the rocker
arms and pushrods.

Inspect the pivot surface area of each rocker arm. Replace
any that are scuffed, pitted or excessively worn.

Inspect the valve stem tip contact surface of each rocker
arm and replace any rocker arm that is deeply pitted.

Inspect each pushrod end for excessive wear and replace as
required. If any pushrod is excessively worn because of
lack of oil, replace the pushrod and inspect the
corresponding hydraulic tappet.

A wear pattern along the length of the pushrod is not
normal. Inspect the cylinder head for obstruction if this
condition exists.

Installation

1. Install the pushrods in their original locations. Ensure
that the bottom end of each pushrod is centered in the
tappet plunger cap seat.

2. Install the rocker arms, pivots and bridge above each
cylinder from where they were originally removed.

3. Loosely install the capscrews through each bridge.

4. At each bridge, tighten the capscrews alternately one
turn at a time to avoid damaging the bridge. Tighten
the capscrews to 28.5 Nem (21 ft-1bs) torque.

5. Install the cylinder head cover. Refer to Cylinder Head
Cover Installation, ‘Cylinder Head’ section of this
chapter, for the procedure.

PUSHRODS

Length, strength, and weight are the most critical items for
pushrods, especially the first two. Length affects geometry
and valve gear oiling. Strength keeps deflections minimized
and weight helps engine speed, but a weight loss that causes
a strength loss will result in a performance loss.

The valve train of the Jeep 4.0L engine is oiled through the
pushrods. Jeep engine pushrods (all Jeep engines) are hollow
so that oil can pass through them to oil the valve train.

Warning! Because Jeep engine valve trains are oiled via
hollow pushrods, solid shaft pushrods cannot be used.

Standard Length Pushrod

This is a fully assembled, stock diameter hydraulic
pushrod. It is hollow to provide valve train oiling (same as
production pushrod). Factory approved and engineered for
rebuild or repairs. For 1987-2000, 4.0L and all 2.5L
engines. (Sold individually.)

P4529219 Standard length pushrod.

Standard Length Pushrod Set

These are fully assembled, stock diameter pushrods. They
are hollow to provide valve train oiling (same as
production pushrods). Complete set of twelve (12). For
1987-2000,4.0L engines only.

P4529675 Standard length pushrod set.
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Hydraulic Pushrods

Since 1964, most Chrysler-Plymouth-Dodge-Jeep engines
have been built using hydraulic camshafts. This means the
tappets are hydraulic. It also means the rocker arms are
non-adjustable. (There are a couple exceptions to this
general rule, but it holds true for the majority.) The
hydraulic camshaft, tappet, and non-adjustable rocker
require a special pushrod. The hydraulic pushrod has two
male ends. Length isn’t critical here as long as the lifter can
adjust for the change.

Hydraulic camshafts use a zero valve lash setting. The
actual adjustment is done by the hydraulic tappet. If the
pushrod doesn’t bend, it does its job without problems and
the engine runs fine.

As long as the engine remains “stock,” this holds true. That
is because the hydraulic tappet has a lot of adjustment built-
in. This adjustment takes care of production variations, with
some adjustment room to spare. The total adjustment is
approximately .180" and it operates normally in the middle
of its travel. You’ll have trouble if you get too close to the
end of travel (up or down), so the last .010" isn’t usable.
Production tolerances will take another .030", which leaves
approximately 050" in either direction or.100" total. This is
more than enough cushion for a stock engine. However, it
may not be enough for modified engines.

“Modified engine” really means rebuilt or non-stock, not
necessarily “race.” The modification could be a bigger
camshaft, milled or straightened head or deck surface,
different tappets from those recommended, different valves,
different head, or a change to the rocker stand or its
attachment. This assumes that “broken” pieces such as bent
pushrods, scuffed valve tips, bent rocker shafts, worn
pushrod socket in the rocker, scuffed rocker tips, etc., are
found and corrected. This is quite a list and obviously not
easy to check out. Do not despair. The pushrod length
required for your “modified” engine can be checked fairly
easily. The hydraulic tappet must be disassembled and

drained of oil to check the tappet’s collapsed height as
installed. From this basic measurement you can determine
your “free lash” (too much or not enough) and know how
long your pushrod needs to be and if a stock (production)
one will work.

Realistically, most racers don’t do this. They quickly put
the engine together and worry about it when they find a
problem trying to start the engine. At this point they’ll
probably blame the camshaft or the lifters. Assuming that
the lifters get oil pressure and they’re recommended Mopar
Performance Parts lifters, these pieces aren’t likely to be at
fault. Assuming the camshaft choice is up a step or two
from stock and that it is either a production unit or Mopar
Performance Parts design, the camshaft isn’t the problem
either. In truth, the “why” can be very difficult to determine.
This sounds like a problem, but it really isn’t. The reason is
that no matter why there’s a “free lash’ problem, the
cheapest and easiest solution is adjustable hydraulic
pushrods. Using these pushrods can solve all kinds of
problems with mismatched parts.

LIFTERS/TAPPETS

There are three types of lifters: hydraulic, mechanical-flat
tappet, and roller. Their use is dictated by the camshaft. There
are two types of mechanical tappets: standard and mushroom.

The Jeep 4.0L standard production engine valve lash is
controlled by hydraulic tappets located inside the cylinder
block, in tappet bores above the camshaft. The tappets have
a hole in the tappet body. Oil from the cylinder block main
bore enters and flows through the tappet exiting the top of
the tappet. Oil that exits the tappet enters the hollow
pushrod, travels up the pushrod and exits through a small
hole in the rocker arm where it enters the cylinder head and
returns to the oil pan.

Hydraulic Tappet

Mopar Performance Parts hydraulic tappets are for use
with general purpose, high performance hydraulic
camshafts. Can be used as production replacement. (Sold
individually.)

P4529220 Hydraulic tappet.

Hydraulic Liftersnappets

Hydraulic tappets are standard in all 4.0L Power Tech engines.
1. Preliminary Check

a. Before disassembling any part of the engine to
correct tappet noise, read the oil pressure at the
gauge (install a reliable gauge at pressure sending
unit). The pressure should be between 255-517
kPa (37-75psi) at 1,600rpm and higher. If vehicle
has no oil pressure gauge, check the oil level in the
oil pan.
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b. The oil level in the pan should never be above the
“full” mark or below the “add oil” mark on the oil
dipstick. Either of these two conditions could be
responsible for noisy tappets. Check the oil level
after the engine reaches normal operating
temperature. Shut off the engine, allow 5 minutes
to stabilize oil level, then check the dipstick. Make
sure the vehicle is on level ground.

i.  Oil Level Too High

If the oil level is above the “full” mark on the
dipstick, it is possible for the connecting rods
to dip into the oil while the engine is running
and create foam. Foam in the oil pan would
then be fed to the hydraulic tappets by the oil
pump, causing them to lose length and
allowing valves to seat noisily.

11.  Oil Level Too Low

Low oil level may allow the oil pump to take
in air which, when fed to the tappets, causes
them to lose length and allows valves to seat
noisily. Any leaks on the intake side of the
pump through which air can be drawn will
create the same tappet action. When tappet
noise is due to aeration, it may be intermittent
or constant, and usually more than one tappet
will be noisy. When oil level and leaks have
been corrected, the engine should be operated
at fast idle for sufficient time to allow all of
the air inside of the tappets to bleed out.

Tappet Noise Diagnosis

To determine the source of tappet noise, operate the
engine at idle with valve covers removed. Feel each
valve spring or rocker arm to detect noisy tappet. The
noisy tappet will cause the affected spring and/or
rocker arm to vibrate or feel rough in operation.

Note: Worn valve guides or cocked springs are
sometimes mistaken for noisy tappets. If this is the
case, noise may be dampened by applying side thrust
on the valve spring. If noise is not appreciably reduced,
it can be assumed the noise is in the tappet. Inspect the
rocker arm pushrod sockets and pushrod ends for wear.

Valve tappet noise ranges from light noise to a heavy
click. A light noise is usually caused by excessive leak-
down around the unit plunger which will necessitate
replacing the tappet, or by the plunger partially sticking
in the tappet body cylinder. A heavy click is caused either
by a tappet check valve not seating, or by foreign
particles becoming wedged between the plunger and the
tappet body causing the plunger to stick in the down
position. This heavy click will be accompanied by
excessive clearance between the valve stem and rocker
am as the valve closes. In either case, the tappet
assembly should be removed for inspection and cleaning.

Removal

Retain all components in the same order as removed to
facilitate installation in their original positions.

a. Remove the cylinder head cover. Refer to
Cylinder Head Cover Removal, ‘Cylinder Head’
section of this chapter, for the procedure.

b. Remove the bridge and pivot assemblies and rocker
arms by removing the two capscrews at each bridge
(Figure 2-62). Alternately loosen each capscrew
one turn at a time to avoid damaging the bridges.

C Remove the pushrods (Figure 2-62).

d. Remove the intake and exhaust manifolds. Refer
to the service manual for the proper procedure.

e. Remove the cylinder head and gasket. Refer to
Cylinder Head Removal, ‘Cylinder Head’ section
of this chapter, for the procedure.

f.  Remove the tappets through the pushrod openings
in the cylinder block.

Disassembly, Cleaning and Inspection

Place the components of each tappet in a separate location.
This will greatly assist in the installation operation.

a. Release the snap ring (Figure 2-72).

b. Remove the following from the tappet body
(Figure 2-72):

i.  Plunger cap

ii. Metering valve

if{. Plunger

iv. Check valve assembly
v.  Plunger return spring

c. Clean the components of each tappet assembly in
cleaning solvent to remove all varnish, gum and
sludge deposits.

d. Inspect for indications of scuffing on the side and
base of each tappet body.

e. Inspect each tappet base for concave wear with a
straightedge positioned across the base.

f.  If the base is concave, the corresponding lobe on
the camshaft is also worn. Replace the camshaft
and tappets.



4.0L POWER TECH IN-LINE 6 (CAMSHAFT AND VALVE GEAR) 205

5. Assembly
a. Install the following into the tappet body:
i.  Plunger return spring
ii. Check valve assembly
iii. Plunger
iv. Metering valve
v.  Plunger cap

b. Compress the plunger assembly by exerting force
on the plunger cap with the pushrod and install the
snap ring.

6. Installation

Note: It is not necessary to charge the tappets with
engine oil. They will charge themselves within a very
short period of engine operation.

a. Coat each tappet in Mopar Super Oil Conditioner,
or equivalent.

b. Install each tappet in the same bore from where it
was originally removed.

c. Install the exhaust and intake manifolds. Refer to
the service manual for the proper procedure.

d. Install the cylinder head and gasket. Refer to
Cylinder Head Installation, ‘Cylinder Head’
section of this chapter, for the procedure.

e. Install each pushrod in the same location from
where it was removed.

f.  Install the rocker arms and bridge and pivot
assemblies at their original locations.

g. Loosely install the capscrews through each bridge.
Tighten the capscrews alternately one turn at a
time to avoid damaging the bridges.

h. Pour the remaining Mopar Super Oil Conditioner
over the entire valve actuating assembly. The
Mopar Super Oil Conditioner must remain with
the engine oil for at least 1,609km (1,000 miles);
however, it does not have to be drained until the
next scheduled oil change.

i.  Install the cylinder head cover. Refer to Cylinder
Head Cover Installation, ‘Cylinder Head’ section
of this chapter, for the procedure.

Hydraulic Tappet Installation Tips

If you have a hydraulic camshaft, then you must have
hydraulic tappets. That’s pretty easy, but what do you do
with them? Dip the outside in Lubrizol (camshaft break-in
oil) and drop them in the engine, right? Sometimes, but this
method can cause problems that will affect all camshafts,
including stock production camshafts.

The important thing to keep in mind is that there isn’t a
problem with the camshaft or the tappet individually. The
hydraulic tappet is a sophisticated device. If it has oil
inside, then it won’t collapse or adjust. If you deliberately
fill the inside of the tappet with oil, it won’t collapse. Some
sources recommended that you fill it with oil before
installation. For racing or performance we don’t. This has
nothing to do with applying break-in oil on the outside of
the tappet. Before installation we recommend draining any
oil that may be inside the tappet first by carefully
disassembling the tappet itself. Once drained, the pushrod
pivot inside the tappet can be pushed down manually
against the tappet’s internal, light spring. Now you can put
oil on the outside and drop it into the engine for assembly.
But be prepared. When the engine is started all 12 tappets
will make noise—ticking and clattering like very loose
mechanical tappets. As soon as the engine’s oil pressure
comes up, the noise goes away. (Priming the engine before
starting helps minimize the noise.) Easy enough, but why
go to the extra trouble?

Generally the engine starts a little easier (less effective
camshaft duration) and you know that the tappets are
working properly. But the trick isn’t what this method gives
you, but what problems this method can avoid. With the
lifters pumped up, you’ll generally hold the valves off the
seat for 360° (all the time). This can cause the valves to hit
the pistons or the pushrods to bend. The tappets will bleed-
down but it can sometimes take a while.

With the valves partially off their seats, you don’t get much
cranking compression, which will make the engine hard to
start. If it starts, it won’t want to run at idle until the tappets
bleed-down, which could take some time. If you get a tight
one that won’t bleed-down, then you have to disassemble
the engine down to the tappets and manually drain the
tappet, if you can determine which one it is. Locating the
exact tappet is not easy to do. Otherwise, you’ll have to
drain them all. To us, this approach is not a good gamble.
Many people manually fill their tappets before installation
and have no problems. Stock camshafts and very mild
camshafts have a lot of valve-to-piston clearance, which
helps if the valve is off the seat all the time. Think about
it—why take the chance*?

Mushroom Liftersnappets

If mushroom lifters are used, the underside of the lifters
should be spotfaced. This will require a back-spotfacing
tool. Mushroom lifters should only be used with mushroom
camshafts because they have narrowed lobes.
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Oiling System

INTRODUCTION

The 4.0L engine uses a pressure feed, full flow filtration
oiling system utilizing a gear-type positive displacement
pump is mounted at the underside of the block opposite the
No. 4 main bearing (Figure 4-37). The pump draws oil
through the screen and inlet tube from the sump at the rear
of the oil pan. The oil is driven between the drive and idler
gears and pump body, then forced through the outlet to the
block. An oil galley in the block channels the oil to the inlet
side of the full flow oil filter. After passing through the
filter element, the oil passes from the center outlet of the
filter through an oil galley that channels the oil up to the
main galley which extends the entire length of the block.
The oiling system has a capacity of 5.7L (6 quarts). (For
more oiling system specifications, refer to 4.0L Engine
Specifications, ‘Engine Assembly’ section of this chapter.)

Galleys extend downward from the main oil galley to the upper
shell of each main bearing. The crankshaft is drilled internally
to pass oil from the main bearing journals (except No. 4 main
bearing journal) to the connecting rod journals. Each
connecting rod bearing cap has a small squirt hole. Oil passes
through the squirthole and is thrown off as the rod rotates. This
oil throw-off lubricates the camshaft lobes, camshaft position
sensor drive gear, cylinder walls, and piston pins.

The hydraulic valve tappets receive oil directly from the
main oil galley. Oil is provided to the camshaft bearing
through galleys. The front camshaft bearing journal passes
oil through the camshaft sprocket to the timing chain. Oil
drains back to the oil pan under the No. 1 main bearing cap.

The oil supply for the rocker arms and bridged pivot
assemblies is provided by the hydraulic valve tappets which
pass oil through hollow pushrods to a hole in the
corresponding rocker arm. Oil from the rocker arm
lubricates the valve train components and then passes down
through the pushrod guide holes in the cylinder head, past
the valve tappet area, and returns to the oil pan.

The stock lubrication system will be adequate for normal
passenger car operation. However, in any case where
DaimlerChrysler engines are subjected to unusually high
crankshaft rotational speeds (over 6,000 rpm), acceleration,
deceleration, or cornering loads, special precautions must
be taken with the engine’s oiling system. Not only must an
engine’s oiling system be modified for adequate
lubrication, but it must also be modified to achieve
optimum engine power output.

Troubleshooting

Oiling the valve gear in a standard engine is virtually
automatic, as long as the engine has oil pressure. In a
modified, high performance engine, it can be another story.

When recommendations are followed, most racers will have
no oiling problems. When oiling problems do develop, they
generally manifest themselves as burned pushrod tips,
scuffed valve tips, scuffed and burned rocker arms, broken
pieces, etc. Unfortunately, the pieces that look the worst
usually aren’t the cause of the problem. In the majority of
cases relating to valve gear oiling, it’s not a matter of what
you should do, but what you should not do. The problems
mentioned are the result of poor oiling, assuming the engine
itself is being oiled properly (no foam, no zero psi, etc.).

The first thing to check is that a camshaft bearing hasn’t
“turned’ so that its oiling holes aren’t lined up with the
holes in the block. Next, be sure the passage from the
camshaft to the block’s deck isn’t blocked or restricted.
This is usually done with a long handled bottle brush.

At the deck surface of the block, it is common for racers to
install a restrictor. This is not recommended and, if found,
should be removed. If you “smoked out” your pushrods or
scuffed the valve tips, you’ve probably found the cause.
Next, check the head gasket and cylinder head itself for
oiling hole alignment.

At this point you can have two different types of problems
depending on whether your engine uses hydraulic rockers
or mechanical rockers. A problem with hydraulics is most
likely caused by an oil leak that prevents oil from reaching
the rockers. Spacers used between the rocker stand and the
rocker shaft will, over an extended period, cause these
problems because of leakage. Also, the rocker shaft could
be installed incorrectly (upside down, reversed, etc.).

Problems occumng with mechanical rockers can be much
more complicated. Since there is no need to put spacers
between the rocker shaft and the pedestal, a leak there would
be unusual. Rocker shaft installation is very critical. Banana
grooves are usually added to mechanical valve gear rocker
shafts to improve oiling of the rocker itself. Bushed rockers
are more tolerant of low oil conditions, but standard
mechanical rockers should be adequate for most applications.
At this point, with oil to the rocker, it must be distributed to
the valve tip and the pushrod tip. Accomplishing this is very
tricky. Exactly where and how these holes are located is very
critical and each engine is unique.

There is another “trick” with mechanical rockers that should
be considered. The proper (ideal) adjustment for the rocker
adjusting screw is to have only one thread showing below the
rocker arm with the valve lash set properly (two may be okay,
three shaky, etc., but high rpm makes one thread showing the
most desirable). This requires custom length pushrods for
every engine. If you’ve “smoked” your pushrods and you had
all the threads showing below the rocker (i.e., pushrod too
short), more oil to the valve gear won’t cure the problem.
Only longer pushrods will do the job.
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OILING SYSTEM PERFORMANCE
CONSIDERATIONS

Choosing the Correct Oiling System

The oiling system to be used on a high performance engine
is determined by the output level of the engine and the type
of application that the engine is going to be used for. Oil
capacity is the first consideration in a basically stock
system used for high performance. This means that the first
step for bracket racing is to deepen the stock pan 2*along
with lowering the pick-up the same amount. The next step
is a Super Stock race pan and high volume oil pressure
pump. The last step is a dry sump which is particularly
important in oval track and high performance drag race
vehicles that are built low to the ground. During your
engine build-up, after the camshaft has been chosen and the
engine’s application is known, the oiling system type
should be decided on so that any block modification
(especially if a dry sump and roller lifters are to be used)
can be done before the block is assembled and it’s too late.

Oiling System Passage Requirements

It is important to note that oil pump performance at high
engine speeds can be most easily improved by reducing
restrictions on the suction side of the oil pump. Reducing
flow restriction on the suction side of the pump is much
more significant than reducing flow restriction on the
pressure side of the pump. Oil pump suction pipe diameter
should be very generous.

Caution: Modified oil pump suction pick-ups must be
fitted with a protective screen to prevent the pump from
ingesting debris such as metal shavings, broken valve
spring tips, etc.

Oil Flow to Connecting Rod Bearings

For increased oil flow to connecting rod bearings, 360°
fully grooved main bearing sets should be used.

Note: It is NOT recommended that the crankshaft be
grooved because that will weaken the crankshaft.

Oil Restriction

It seems that some magazine article or book is always
recommending that an engine’s oil be restricted in some
way. Some suggestions have no real effect, but those
restricting oil to the upper valve gear can be quite harmful.
We DO NOT recommend restricting oil flow to the upper
valve gear. Leave all the passages stock size and be sure
that they are unobstructed.

The usual result of oil restriction to the upper valve gear is
“smoked out” pushrod tips, scuffed valve tips, scuffed or
burned rockers, or scuffed valve guides. These are
expensive ways to find out what doesn’t work. Full roller
rocker arms can cut down on the valve gear’s oil
requirement but are generally expensive. In racing, as the

rpm is increased, the valve gear needs more oil. If you have
extra time available in your engine building process,
helping the oil in the cylinder head return to the pan can be
beneficial. Helping the oil return past the crankshaft
without getting on to the crankshaft is the best place to
spend your time.

Restricting oil to the tappet galley with roller lifters is a
very common practice (and required for 3.9L V-6 engines
with high lift roller camshafts). However, restricting oil to
the upper valve gear is NOT recommended. The oil is fed
to the upper valve gear through mating passages in the
block and head. Restricting these passages cuts down on the
amount of oil available to the valve gear (valves, rockers,
pushrods). This causes two problems. At high rpm, rocker
arms like to “shake off” the oil that is used to lubricate
valves and pushrod tips. In most cases, the engine needs all
its designed oil flow to keep its durability high and to
minimize parts wear. The other problem occurs at low
speed where the oil pressure drops to its minimum. In this
condition, the valve gear, being the furthest from the oil
pump, gets very little (if any) oil. The loads are low but
with so little oil, any less can cause accelerated wear. In
either case, scuffed valve tips, burned pushrod ends, and
galled rockers can be the result, which is why oil restriction
to the heads is not recommended.

OlL PUMP

A gear-type oil pump is mounted at the underside of
the cylinder block opposite the No. 4 main bearing
(see Figure 2-78).

Oil pump removal or replacement will not affect distributor
timing because the distributor drive gear remains in mesh
with the camshaft gear.

The stock oil pump is adequate for normal operation if it is up
to specifications. The pump must turn freely when assembled.

Heavy Duty Oil Pump

When the going gets tough, you’ll want to be sure and
supply as much oil to your engine as possible. This heavy
duty high volume pump will do the job and take the most
severe punishment. For 4.0L engines only.

P4529227 Heavy duty oil pump.

High Volume Oil Pump Assembly

For many years, Mopar Performance Parts has supplied
parts for oiling systems. Our previous parts have come as
kits that the racer had to put together himself, in many cases
using a stock oil pump as a starting point. Mopar
Performance Parts now offers a high volume, high
performance oil pump assembly for 4.0L Power Tech
engines (P4529241). It offers a 25% increase in volume
over the stock pump and comes fully assembled and ready
to bolt on the engine.
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High Volume Oil Pump

This Mopar Performance Parts high volume oil pump is
similar to the heavy duty oil pump (P4529227), except
that it has larger rotors for a 25% increase in capacity. For
4.0L engine only.

P452924 1 High volume oil pump.

Oil Pressure Requirements

Oil pressure requirements for the 4.0, engine are as
follows:

At Idle Speed (600 rpm)............ 13 PSi e 89.6 kPa
At 1,600+ 1PM oo 37-75 psi.......... 255-517 kPa
Oil Pressure Relief.............. e 75 PSI cereereerenrrrrnns 517 kPa

Oil Pump Priming

After an engine build (or re-build), the lubrication system
should be checked to ensure that it is supplying pressure to
the bearings before any attempt is made to start the engine.
If the engine is running without oil pressure even for a few
seconds, there will be extensive damage done to the engine.

After installing a mechanical oil pressure gauge (only if your
vehicle is not already equipped with an oil pressure gauge),
remove all the spark plugs in order to relieve the compression
in the cylinders and to prevent the engine from starting. The
engine should be turned over with the starter motor until the
oil pressure gauge shows a reading of over 10 psi.

Once you have determined that the engine does have oil
pressure, the spark plugs may be reinstalled and the engine
may be started. When the engine starts, the gauge should
show a minimum reading of 89.6 kPa (13 psi) at 600 rpm
(idle speed).

Warning! If the gauge does not register any pressure
when the engine is cranked with the starter motor, DO
NOT TRY TO START THE ENGINE. Running an engine
with no oil pressure for even a couple of minutes can cause
serious damage.

If the gauge does not register any pressure when the engine
is cranked with the starter motor, go through your
lubrication system and check it carefully. Make sure there
is sufficient oil in the pan. Also be sure that the pickup is
connected and that the oil pickup is fully submerged. Make
sure the pickup tube does not have any leaks where air
might be entering the system. Make sure the oil pump is
working properly.

OIL PUMP SERVICE PROCEDURES
Removal

1. Drain the engine oil.

2. Remove the oil pan. Refer to the proper service manual
for the procedure.

Caution: DO NOT disturb the position of the oil inlet tube
and strainer assembly in the pump body. If the tube is moved
within the pump body, a replacement tube and strainer
assembly must be installed to ensure an airtight seal.

3. Remove the oil pump retaining bolts, oil pump and gasket.
Gear End Clearance Measurement

Remove the cover retaining bolts and cover from the pump
body.

1. Preferred Method

a. Place a strip of Plastigauge (P4286819) across the
full width of each gear (Figure 2-79).

b. Install the pump cover and tighten the bolts to 8
Nem (70 in-Ibs) torque.

c. Remove the pump cover and determine the
amount of clearance by measuring the width
of compressed Plastigauge with the scale on
the Plastigauge envelope.

Correct clearance by this method is 0.051-0.152 mm
(0.002-0.006"). The preferred measurement is 0.051
mm (0.002"). If the gear end clearance is excessive,
replace the oil pump assembly.

Plastigauge

When reassembling your engine you'll need a variety of
Plastigauge to measure bearing clearances. This popular
assortment includes one blue strip for .004" - .009"
tolerances, two red strips for (02" - .006" tolerances, and
two green strips for (01" - .003" tolerances. Each strip is
12" long.

P42868 19 Plastigauge assortment.

2. Alternate Method

a. Place a straightedge across the ends of the gears
and the pump body.

b. Select a feeler gauge that fits snugly but freely
between the straightedge and the pump gears
(Figure 2-80).

Using this method, the correct clearance is 0.051-0.152
mm (0.002-0.006"), with the preferred measurement
being 0.051 mm (0.002"). If the gear end clearance is
excessive, replace the oil pump assembly.
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Gear-to-Body Clearance Measurement

1. Measure the gear-to-body clearance by inserting a
feeler gauge between the gear tooth and the pump body
inner wall directly opposite the point of the gear mesh
(Figure 2-81).

2. Select a feeler gauge which fits snugly but freely.

3. Rotate the gears to measure each tooth-to-body
clearance in this manner.

4. The correct clearance is 0.051-0.102 mm (0.002-

0.004”). The preferred clearance is 0.051 mm (0.002”).

5. If the gear-to-body clearance is more than specified,
replace the idler gear, idler shaft and drive gear
assembly.

6. Remove the cotter pin and slide the spring retainer,
spring and oil pressure relief valve plunger out of the
pump body.

7. Inspect for binding condition during disassembly.
8. Clean or replace as necessary.

9. The oil inlet tube and strainer assembly must be
removed to allow removal of the relief valve. Install a
replacement inlet tube and strainer assembly.

Assembly

Note: Two relief valve plunger sizes (standard and
oversize) are available. When replacing the valve, ensure
that the correct replacement valve and either the standard
size or 0.254 mm (0.010”) diameter oversize plunger is
obtained and installed.

1. [Install the oil pressure relief valve plunger, spring,
retainer, and cotter pin.

2. If the position of the inlet tube in the pump body has
been disturbed, install a replacement inlet tube and
strainer assembly. Apply a light film of Permatex No.
2 sealant, or equivalent, around the end of the tube.

3. Use an oil pump inlet tube installer tool to drive the
tube into the body (Figure 2-82). Ensure that the
support bracket is properly aligned.

4. Install the idler gear and the drive gear assembly.
Inspect the gears to ensure that a binding condition
does not exist before installing the oil pump.

5. To ensure self-priming of the oil pump, fill the pump
with petroleum jelly before installing the oil pump
cover. DO NOT use grease!

6. Apply a bead of Loctite 515, or equivalent, and install
the pump cover.

7. Tighten the cover bolts to 8 Nem (70 in-Ibs) torque.

Installation

1. Install the oil pump with a replacement gasket.
Tighten the bolts to 23 Nem (17 ft-1bs) torque. (Refer
to Figure 2-78.)

2. Install the oil pan with replacement gaskets and seals.
Refer to the proper service manual for the procedure.

3. Fill the oil pan with clean engine oil to the specified level.
OIL PICK-UPS

An oil pick-up is used in virtually every engine. It’s not a
fancy device and doesn’t get much attention by the average
racer. In spite of this, the pick-up is very important to your
engine. If it does not do its job, then the engine is in real
trouble and could very easily fail.

Once the pan is removed from the engine, the pick-up sticks
out away from the crankshaft and bottom of the block. As
such, it is very vulnerable and can be easily damaged.
Removing it from the block, which has to be done to allow
the engine to be rebuilt, can also be tricky and cause the
pick-up to be damaged. One common damage is to bend it.
Typically, when you try to bend it “back into place” you
will break or crack it. A crack will allow air to get into the
oil system and be fed directly to the bearings which will
cause the obvious failure. A crack can also cause the oil
pump’s “prime” to be lost. Used pick-ups can also be very
difficult to clean. For any of these situations, obtaining new
parts will solve your problem. Remember, they are
designed to work in the stock pan. If the pan is changed,
you may have to modify the pick-up, but now you will have
a new part to start with for your modification.

OIL PAN

The 4.0L engine standard production oil pan is made of
laminated steel and has a single plane sealing surface. The
oil pan gasket is a one piece steel backbone silicone coated
gasket. Removal and replacement procedures vary
depending on vehicle type and model year. Refer to your
service manual for removal and replacement procedures.

Oil Pan Gasket Set
Includes both the sides and the ends. For 4.0L engine only.

P4529244 Oil pan gasket set.
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OIL PAN PERFORMANCE CONSIDERATIONS

Windage Losses

Every engine that uses oil for lubrication has windage
losses. Controlling windage loss can help make more
power. This holds true for any engine. The more engine
speed that you use, the worse the windage loss becomes.
Remember, less windage means more horsepower!

So what is windage and why does less of it make more
power? Windageis the friction caused by the crankshaft and
connecting rod assembly rotating through an air-oil
mixture. Windage trays are designed to “scrape” the oil that
is thrown off the crankshaft away from the crankshaft and
into the pan, and keep the oil that is in the pan from coming
up for the crankshaft to drag through. Each connecting rod
and main bearing has oil and oil pressure in it and, because
of the oil pressure, some will leak out and get in the way of
the rotating crankshaft assembly. Then there’s the oil that
goes to the head to lubricate the valve gear that has to get
back to the pan somehow. This usually means that it falls
back past the tappets and on to the crankshaft. Smart racers
will work extra hard to install special drains so that the
return oil doesn’t fall on to the crankshaft.

Windage Tray

Every high performance engine should have a windage tray.
It goes between the oil pan and the block. Only the windage
tray and two oil pan gaskets are required for installation.
The only time a windage tray should not be used is with a
custom-made race oil pan. With a custom-made race pan,
the windage tray should be removed resulting in increased
vehicle performance. If the vehicle slows down when the
tray is removed, the pan has been compromised too much
and the tray should always be used with that particular pan.

Stock (Production) Oil Pan Modifications

The standard pan can be helped by reworking the sump so
it is 2” deeper. A longer oil pick-up must also be installed
at the same time. A deepened pan can also be used. With
this pan the pick-up must also be lengthened, or a strainer
and pipe assembly, which is designed for use with the
deepened pan, should be purchased. With any oil pan
capacity or shape change, the dipstick should be carefully
recalibrated. Be sure to fill the oil filter before calibrating!

With either of these pans installed, the ground clearance
will be reduced and the pan will no longer be protected. For
added pan protection, a skid plate should be added and the
vehicle should be driven with increased care.

In a stock pan, especially a deepened pan, the rear
acceleration baffle is very important. It keeps oil from
running up into the rear cylinders and slowing down the last
rod journal with increased drag. The rear acceleration baffle
must be sealed to three walls of the sump (back and two
sides) or it becomes useless.

DRY SUMP OILING SYSTEM

For drag racing, a dry sump system should only be
considered for vehicles that have almost no ground
clearance. However, dry sump oiling systems can be very
advantageous in an oval track vehicles. Dry sumps provide
more ground clearance so the vehicle can sit lower. This is
because dry sump pans are very shallow. This allows the
centerline of the crankshaft to get closer to the ground while
maintaining the same actual ground clearance. (Ground
clearance is usually specified and enforced by the
sanctioning body.)

All production (stock) oil pans are wet sump designs. With
a dry sump, the oil that is being stored in preparation for
being pumped back into the engine is stored outside the
engine (or remotely), usually in a separate tank (with
baffles, etc.) located ahead of the engine. A race wet sump
pan would have a large capacity rear sump located directly
under the crankshaft.

Production wet sumps are small and may be located in the
center, front or rear. A race wet sump ideally designed
would be 9 to 10 inches deep. But many professionally-
built race vehicles are built so low to the ground that there
is no room for this style pan. Enter the dry sump. However,
a properly designed dry sump system is expensive.
Therefore, a racer who doesn’t have the crankshaft
dragging on the ground doesn’t need a dry sump because
it’s money spent for no gain. Here, look closely at a race
wet sump. There is performance in a good wet sump system
race pan.

A dry sump oil system should be used whenever a deep oil
pan cannot be used. There is approximately 40 hp lost to a
shallow, wet sump pan.

The dry sump system consists of an oil tank, scavenge
pump, and a pressure pump. The oil pump used is a multi-
stage, external assembly with two or three stages for
scavenge and a pressure stage. Drag race engines require
two scavenge stages, oval track engines require three. The
pump should be run at .5 to .6 engine speed.

The oil tank for drag racing use can be as small as 5 qgts.,
while an oval track racing tank should be 3 gallons.

Now that we know all the parts, let’s see how it works. The
pressure stage picks oil up from the tank, then sends it to an
external oil filter, and then to the engine. The engine then gets
oiled and dumps the oil back in the pan where the scavenge
stages pick up the oil and return it to the tank. The tank is
vented to the valve cover to equalize pressures. Contact
Weaver Brothers for further details and dry sump hardware.

Weaver Brothers
1980 Boeing Way

Carson City, NV 89706
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OIL COOLERS

Engine Oil Cooler

This specially engineered, finned radiator design oil cooler
prevents engine oil from overheating, thus ruining its
lubricating characteristics. This cooler is ideally suited for
endurance-type engine applications and utilizes 1/2" pipe
thread fittings. Measures 11" x 12" x [-1/2".

P3690956 Engine oil cooler.

Heavy Duty Engine Oil Cooler

This heavy duty steel, full flow oil cooler is the best way
to ensure peak engine oil cooling efficiency under heavier
than normal driving conditions. It is thermostatically
controlled to provide continuous cooling of your engine's
oil. Install in oil filter circuit. Oil circulates in a
continuous loop from the pan, through the pump, then to
the cooler. Includes built-in relief valve. Designed for
simple installation. Cooler is 1-1/2" thick. Measures 6" W
x 18"L.

P4876917 Heavy duty oil cooler.

Universal Oil Cooler Packages

Special universal coolers mount between engine and oil
filter to circulate heater core coolant to reduce oil
temperatures.

P4529690 Universal oil cooler package, standard.
P4529691 Universal oil cooler package, extra cooling.
OIL

Use only high detergent and additive engine oil. The oil
must meet Mil Spec MS-DG. DO NOT use viscosity
improver oil additives. The only oil additives you should
consider using are anti-scuff additives, such as Mopar
Engine Oil Supplement. Anti-scuff additives should be
used only for running in and should be drained from the
oiling system before racing (be sure to re-fill the engine oil
to the correct level before re-starting the engine).

SAE Viscosity

An SAE viscosity grade is used to specify the viscosity of
engine oil. Use only engine oils with multiple viscosity
such as SW-30 or 10W-30. These are specified with a dual
SAE viscosity grade which indicates the cold-to-hot
temperature viscosity range. Select an engine oil that is best
suited to your particular temperature range and variation
(Figure 4-38).

ENGINE OIL VISCOSITY GRADES

F 200 0° 10°  20° 32° 60° 80° 100°
°C -29" 18" 12° - 0° 16" 27" 38"

Temperature range anticipated before next oil change

80b8987f)

Figure 4 - 38
Oil Level Inspection

Caution: DO NOT overfill crankcase with engine oil,
pressure loss or oil foaming can result.

Inspect engine oil level approximately every 800
kilometers (500 miles). Unless the engine has exhibited loss
of oil pressure, run the engine for about five minutes before
checking oil level. Checking engine oil level on a cold
engine is not accurate.

To ensure proper lubrication of an engine, the engine oil
must be maintained at an acceptable level. The acceptable
levels are indicated between the ADD and SAFE marks on
the engine oil dipstick.

1. Position vehicle on level surface.

2. With engine OFF, allow approximately ten minutes for
oil to settle to bottom of crankcase, remove engine oil
dipstick.

3.  Wipe dipstick clean.
4. Install dipstick and verify it is seated in the tube.

5. Kemove dipstick, with handle held above the tip, take
oil level reading.

6. Add oil only if level is below the ADD mark on
dipstick.

Engine Oil Change

Change engine oil at mileage and time intervals described in
Maintenance Schedules of your owners or service manual.

Run engine until achieving normal operating temperature.

1. Position the vehicle on a level surface and turn
engine off.

2. Hoist and support vehicle on safety stands.
3. Remove oil fill cap.

4. Place a suitable drain pan under crankcase drain.



4.0L POWER TECH IN-LINE 6 (OILING SYSTEM) 213

5. Remove drain plug from crankcase and allow oil to
drain into pan. Inspect drain plug threads for stretching
or other damage. Replace drain plug if damaged.

6. Install drain plug in crankcase.

7. Lower vehicle and fill crankcase with specified type
and amount of engine oil described in this section.

8. Install oil fill cap.
9. Start engine and inspect for leaks.

10. Stop engine and inspect oil level.
ENGINE OIL FILTER

All engines are equipped with a high quality full-flow
disposable type oil filter. DaimlerChrysler recommends a
Mopar or equivalent oil filter be used.

Removal

1. Position a drain pan under the oil filter.
2. Using a suitable oil filter wrench, loosen the filter.

3. Rotate the oil filter counterclockwise to remove it from
the cylinder block oil filter boss.

4. When filter separates from adapter nipple, tip gasket
end upward fo minimize oil spill. Remove filter from
vehicle.

5. With a wiping cloth, clean the gasket sealing surface
(Figure 4-39) of oil and grime.

Installation

1. Lightly lubricate oil filter gasket with clean engine oil.

2. Thread filter onto adapter nipple. When gasket makes
contact with sealing surface (Figure 4-39), hand
tighten filter one full turn. DO NOT over tighten.

3. Add oil, verify crankcase oil level and start engine.
Inspect for oil leaks.

OIL FILTER

RUBBER

GASKET 9100-7

Figure 4 - 39
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Cooling System

INTRODUCTION

The cooling system (Figure 4-40 and Figure 4-41) regulates
engine operating temperature. It allows the engine to reach
normal operating temperature as quickly as possible. It also
maintains normal operating temperature and prevents
overheating.

The cooling system also provides a means of heating the
passenger compartment and cooling the automatic
transmission fluid (if equipped). The cooling system is
pressurized and uses a centrifugal water pump to circulate
coolant throughout the system.

The cooling system consists of

o  Radiator

® Mechanical cooling fan

e Fan shroud

e Radiator pressure cap

e Thermostat

e Coolant reserve/overflow system
e Transmission oil cooler (if auto. trans. equipped)
e Coolant

e  Water pump

e Hoses and hose clamps

®  Accessory drive belt
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Figure 4 - 40
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Figure 4 - 41

Cooling System Capacity

Caution: Vehicle may be equipped with long life coolant.
Extended life coolant is identified by an orange color.
Normal coolant is identified by a greenish color. DO NOT
mix the two types of coolant. Refer to your service manual
for coolant recommendations.

4.0L 12.3 liters (13.0 quarts)"

* Includes 2.2 liters (2.3 quarts) for coolant recovery bottle.
Coolant Reservoir/Overflow System

This system works along with the radiator pressure cap.
This is done by using thermal expansion and contraction of
the coolant to keep the coolant free of trapped air. It
provides:

e A volume for coolant expansion and contraction.

e A convenient and safe method for checking/adjusting
coolant level at atmospheric pressure. This is done
without removing the radiator pressure cap.

e Some reserve coolant to the radiator to cover minor
leaks and evaporation or boiling losses.

As the engine cools, a vacuum is formed in the cooling
system of both the radiator and engine. Coolant will then be
drawn from the coolant tank and returned to a proper level
in the radiator.

The coolant reservoir/overflow system has a radiator
mounted pressurized cap, an overflow tube and a plastic
coolant reservoir/overflow tank mounted to the right inner
fender (typical).
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Troubleshooting

The 4.0L Power Tech engine standard production cooling
system is adequate at keeping operating temperatures at
accepted levels. However, several components may be
changed to reduce power losses in the system.

Not surprisingly, race engine cooling problems arise during
the summer and tend to disappear in the fall. There are
various causes: flex-fans, water pumps, radiator size and
functioning shrouds, grille openings, and fan blade
diameter and number. The not so obvious areas are
improper spark advance and too lean fuel mixture.

Now, what happens if aracer has fixed all of these problems
and he still overheats or runs too hot? What could this
problem be? Some people feel this means there is some
mysterious design problem with the engine. This is a witch
hunt! Generally, engines don’t have an overheating
problem. Big engines make more heat than small engines,
but this just requires a bigger radiator. Put simply, engines
make heat; cooling systems get rid of heat. Nothing fancy!
If your engine overheats, that means the balance between
these two functions has been lost somewhere.

COOLING SYSTEM HOSES

(Refer to Figure 4-40.)

Rubber hoses route coolant to and from the radiator, intake
manifold and heater core. The lower radiator hose is spring-
reinforced to prevent collapse from water pump suction at
moderate and high engine speeds. When performing a hose
inspection, inspect the radiator lower hose for proper
position and condition of the internal spring.

Warning! Constant tension hose clamps are used on most
cooling system hoses when removing or installing, use only
tools designed for servicing this type of clamp. Always wear
safety glasses when servicing constant tension clamps.

Caution: A number or letter is stamped into the tongue of
constant tension clamps. If replacement is necessary, use only
an original equipment clamp with matching number or letter.

Inspect cooling hoses at regular intervals. Replace hoses
that are cracked, feel brittle when squeezed, or swell
excessively when the system is pressurized.

In areas where specific routing clamps are not provided, be
sure that hoses are positioned with sufficient clearance. Check
clearance from exhaust manifolds and pipe, fan blades, drive
belts and sway bars. Improperly positioned hoses can be
damaged, resulting in coolant loss and engine overheating.

SERPENTINE DRIVE BELT

Correct drive belt tension is required to ensure optimum
performance of the belt driven engine accessories. If
specified tension is not maintained, belt slippage may cause
engine overheating, lack of power steering assist, loss of air
conditioning capacity, reduced generator output rate, and
greatly reduced belt life.

It is not necessary to adjust belt tension on the 4.0L engines.
These engines are equipped with an automatic belt
tensioner. The tensioner maintains correct belt tension at all
times. Due to use of this belt tensioner, DO NOT attempt to
use a belt tension gauge on 4.0L engines.

Diagnosis

When diagnosing serpentine drive belts, small cracks that
run across ribbed surface of belt from rib to rib (Figure 4-
42) are considered normal. However, cracks running along
a rib (not across) are not normal (Figure 4-42). Any belt
with cracks running along a rib must be replaced. Also
replace the belt if it has excessive wear, frayed cords or
severe glazing.

Refer to the Serpentine Drive Belt Diagnosis Chart for
further belt diagnosis.

NORMAL-CRACKS
BALT OK

NOT NORMAL CRACKS
REPLACE BELT J9007-44

Figure 4 - 42
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SERPENTINE DRIVE BELT DIAGNOSIS

CONDITION

POSSIBLE CAUSES

CORRECTION

3IB CHUNKING (ONE OR MORE
3IBS HAS SEPARATED FROM
3ELT BODY)

1. Foreign objects imbedded in pulley
grooves.

2. Installation damage.

1. Remove foreign objects from
pulley grooves. Replace belt.

2. Replace belt.

31B OR BELT WEAR

1. Pulley(s) misaligned.
2. Abrasive environment.
3. Rusted pulley(s).

4. Sharp or jagged pulley groove tips.
5. Rubber deteriorated.

1. Align pulley(s).

2. Clean pulley(s). Replace belt if
necessary.

3. Clean rust from pulley(s).

4. Replace pulley.

5. Replace belt.

LONGITUDINAL BELT
CRACKING (CRACKS BETWEEN
TWO RIBS)

1. Belt has mistracked from pulley
groove.

2. Pulley groove tip has worn away
rubber to tensile member.

1. Replace belt.

2. Replace belt.

T

T
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SERPENTINE DRIVE BELT DIAGNOSIS

CONDITION

POSSIBLE CAUSES

CORRECTION

BELT SLIPS

1. Belt slipping because of insufficient
tension.

2. Incorrect belt.

3. Belt or pulley subjected to
substance (belt dressing, oil ethylene
glycol) that has reduced friction.

4. Driven component bearing failure.

5. Belt glazed and hardened from
heat and excessive slippage.

1. Replace automatic belt tensioner.

2. Replace belt.
3. Replace belt and clean pulleys.

4. replace faulty component
bearing.

5. Replace belt.

“GROOVE JUMPING (BELT
DOES NOT MAINTAIN CORRECT
POSITION ON PULLEY)

1. Belt tension either too high or too
low.
2. Incorrect belt.

3. Pulley(s) not within design
tolerance.

4. Foreign object(s) in grooves.

5. Pulley misalignment.
6. Belt cord line is broken.

1. Replace automatic belt tensioner.

2. Replace belt.
3. Replace pulley(s).

4. Remove foreign objects from
grooves.

5. Check and replace.
6. Replace belt.

BELT BROKEN (NOTE: IDENTIFY
AND CORRECT PROBLEM
BEFORE NEW BELT IS
INSTALLED)

1. Excessive tension.

2. Incorrect belt.

3. Tensile member damaged during
belt installation.

4. Severe misalignment.
5. Bracket, pulley, or bearing failure.

1. Replace belt and automatic belt
tensioner.

2. Replace belt.

3. Replace belt.

4. Check and replace.

5. Replace defective component
and belt.

NOISE (OBJECTIONABLE
SQUEAL, SQUEAK, OR RUMBLE
IS HEARD OR FELT WHILE
DRIVE BELT IS IN OPERATION)

1. Belt slippage.

2. Bearing noise.
3. Belt misalignment.
4. Belt-to-pulley mismatch.

1. Replace belt or automatic belt
tensioner.

2. Locate and repair.
3. Replace belt.
4. Install correct belt.
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WATER PUMP

A centrifugal water pump (Figure 4-43) circulates coolant
through the water jackets, passages, intake manifold
radiator core, cooling system hoses and heater core The
pump is driven from the engine crankshaft by a single
serpentine drive belt on all engines.

The water pump impeller is pressed onto the rear of a shaft
that rotates in bearings pressed into the housing. The
housing has two small holes to allow seepage to escape.
The water pump seals are lubricated by the antifreeze in the
coolant mixture. No additional lubrication is necessary.

Caution: All 4.0L Power Tech engines are equipped with
a reverse (counterclockwise) rotating water pump and
thermal viscous fan drive assembly. REVERSE is stamped
or imprinted on the cover of the viscous fan drive and inner
side of the fan. The letter R is stamped into the back of the
water pump impeller. Engines from previous model years,
depending upon application, may have been equipped with
a forward (clockwise) rotating water pump. Installation of
the wrong water pump or viscous fan drive will cause
engine over heating.

HEATER HOSE
FITTING BORE

WATER PUMP

WATER PUMP
HUB

80ba7836

Figure 4- 43
PerformanceTips

The water pump is the heart of the cooling system. It is
responsible for pumping coolant through the engine block,
cylinder heads, heater core and radiator.

For most high performance off-road applications, high
engine temperature is undesirable. For these applications,
install a 160°Fthermostat. It will help the engine run cooler.

Caution: 160°F thermostats should NOT be used in other
than high endurance racing vehicles. Use of 160°F
thermostats in vehicles other than this can result in serious
engine damage.

For high speed race engines, a small diameter crankshaft
pulley and large diameter alternator and water pump
pulleys are desirable. Aftermarket sources have these
pulleys available and they feature a deep groove design.

For drag strip use only, the water pump can be cut down
200" for less friction and horsepower loss. There are also
aftermarket electric fan-water pump kits which replace the
standard fan belt so that the power that is needed to operate
the water pump doesn't come from the crankshaft,
increasing the engine's horsepower output. (A mechanical
water pump requires about 10 hp at 7,000rpm.) If legal, an
electric drive water pump should always be used.

Water Pump Flow Test

A quick flow test to tell whether or not the pump is working
is to see if the heater warms properly. A defective pump
will not be able to circulate heated coolant through the long
heater hose.

Another flow test to help determine pump operation is
as follows:

1.  Remove radiator cap.

‘Warning! DO NOT remove radiator cap if the cooling
system is hot or under pressure.

2. Remove a small amount of coolant from the system.
Start the engine and warm up until the thermostat
opens. With the thermostat open and coolant level low,
you will see if the water pump is pumping coolant
through the system.

Water Pump Inspection

Replace water pump assembly if it has any of the following
conditions:

® The body is cracked or damaged.

e  Water leaks from shaft seal. This is evident by traces of
coolant below vent hole.

e Loose or rough turning bearing. Also inspect viscous
fan drive.

e Impeller rubs either the pump body or the cylinder block.
WATER NECK

The water neck is also called the thermostat housing.
However, many racing vehicles DO NOT use a thermostat,
so it might be confusing to name it after something that is
not used. The typical water neck exits straight up. The
upper radiator hose fits over the water neck.
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90 Degree Water Neck Outlet

The purpose of the 90 degree outlet is to drop the upper
radiator hose down and allow its angle to be changed. Stock
outlets have the water exiting straight up (as installed on the
engine). This type of exit requires the top radiator hose to
make a quick 90 degree bend to get to the radiator. In this
configuration, it is common to get kinks in the hose,
especially replacement hoses. Stock Mopar hoses are
molded with the sharp bend. However, the hose will still
interfere with any blower drives that may sit on top of the
manifold. By having the 90 degree bend in a rigid housing
rather than a rubber hose, you can turn the corner much
tighter. This allows for a lower hood line (which can also be
helpful in circle track vehicles). It also looks neater and
cleaner—a plus for show vehicles.

An additional feature is that it has three positions: straight
ahead, approximately 30 degrees to the right, or 30 degrees
to the left, enabling the housing to be rotated to point more
directly at the top radiator inlet. This allows for more
options in clearance items/accessories at the front of the
engine. It also makes for a straighter and smaller hose and
therefore a cleaner looking engine compartment.

90° Water Neck Outlet

Cast aluminum, 90° water neck outlet provides greater
flexibility in routing cooling system hoses. Three
directional capability ideal for compact engine
compartments. Improves the appearance of the engine
compartment.

P524919 1 90" water neck outlet.

THERMOSTAT

The engine thermostat is a wax pellet driven, reverse poppet
choke-type. It is located on the front of the engine (radiator
side) in the thermostat housing/engine outlet connector
located in the flange (Figure 4-44). An O-ring for sealing is
incorporated on it. There is a relief in the thermostat
housing/outlet connector for the O-ring (Figure 4-45).

An arrow, plus the word UP is stamped on the front flange
next to the air bleed. The words TO RAD are stamped on
one arm of the thermostat. They indicate the proper
installed position.

The engine thermostat is designed to provide the fastest
warm-up possible by preventing leakage through it and to
guarantee a minimum engine temperature of 82 to 91°C
(180 to 195°F). It also automatically reaches wide open so
it does not restrict flow to the radiator as temperature of the

coolant rises in hot weather to around 104°C (220°F).

Above this temperature the coolant temperature is
controlled by the radiator, fan, and ambient temperature,
not the thermostat.

The thermostat's primary purpose is to maintain engine
temperature in a range that will provide satisfactory engine
performance and emission levels under all expected driving
conditions. It also provides hot water (coolant) for heater
performance. It does this by transferring heat from engine
metal and automatic transmission oil cooler (if equipped) to
coolant, moving this heated coolant to the heater core and
radiator and then transferring this heat to the ambient air.

The same thermostat is used for winter and summer seasons.
An engine should not be operated without a thermostat,
except for servicing or testing. Operating without a
thermostat causes other problems, including longer engine
warm-up time, unreliable warm-up performance, increased
exhaust emissions and crankcase condensation. This
condensation can result in sludge formation.

The most common type of thermostat failure, usually found
on high mileage vehicles, is a thermostat failed in the shut
position. The temperature gauge (if equipped) will give an
indication of this condition. Depending upon length of time
that vehicle is operated pressure cap may vent. This will
expel steam and coolant to coolant reserve/overflow tank
and the ground below vehicle.

For most high performance off-road applications, high
engine temperature is undesirable. For these applications,
install a 160°Fthermostat. It will help the engine run cooler.

Caution: 160°Fthermostats should NOT be used in other
than high endurance racing vehicles. Use of 160°F
thermostats in vehicles other than this can result in serious
engine damage.

THERMOSTAT

BOLT

THERMOSTAT
| HOUSING
SHORT
BT 19307-13

Figure 4 - 44
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GROOVE 19307-25
Figure 4 - 45
COOLANT

The presence of aluminum components in the cooling
system requires strict corrosion protection. Maintain
coolant at specified level with a 50/50 mixture of antifreeze
and water. If coolant becomes contaminated or looses color,
drain and flush cooling system and fill with correctly mixed
solution.

Caution: DO NOT use coolant additives which claim to
improve engine cooling.

FANS

Viscous Fan Drive

On 4.0L engines, an electric fan is standard and a thermal
viscous fan is added on trailer tow packages only. The
thermal viscous fan drive (Figure 4-46) is a silicone fluid-
filled coupling used to connect the fan blades to the water
pump shaft. The coupling allows the fan to be driven in a
normal manner. This is done at low engine speeds while
limiting the top speed of the fan to a predetermined
maximum level at higher engine speeds.

A thermostatic bimetallic spring coil is located on the front
face of the viscous fan drive unit (Figure 4-46). This spring
coil reacts to the temperature of the radiator discharge air. It
engages the viscous fan drive for higher fan speed if the air
temperature from the radiator rises above a certain point.
Until additional engine cooling is necessary, the fan will
remain at a reduced rpm regardless of engine speed.

Only when sufficient heat is present will the viscous fan
drive engage. This is when the air flowing through the
radiator core causes a reaction to the bimetallic coil. It then
increases fan speed to provide the necessary additional
engine cooling.

Once the engine has cooled, the radiator discharge
temperature will drop. The bimetallic coil again reacts and
the fan speed is reduced to the previous disengaged speed.

Caution: Engines equipped with serpentine drive belts
have reverse rotating fans and viscous fan drives. They are
marked with the word REVERSE to designate their usage.
Installation of the wrong fan or viscous fan drive can result
in engine overheating.

Caution: If the viscous fan drive is replaced because of
mechanical damage, the cooling fan blades should also be
inspected. Inspect for fatigue cracks, loose blades, or loose
rivets that could have resulted from excessive vibration.
Replace fan blade assembly if any of these conditions are
found. Also inspect water pump bearing and shaft assembly
for any related damage due to a viscous fan drive
malfunction.

MOUNTING NUT
TO WATER PUMP
. HUB
VISCQUS
FAN DRIVE

THERMOSTATIC

5PRING 19307-31

Figure 4 - 46
Mopar Performance Parts Viscous Fan Package

Mopar Performance Parts has carried a viscous drive fan
package for years. Viscous drives allow the engine to run at
a higher rpm than the fan: that is, the fan slips at high speed.
The purpose of a viscous drive is to save horsepower.

We receive many calls concerning fans and cooling. A large
number of viscous fans have been introduced in the
afterrnarket over the last few years. This situation caused us
to throw some parts on the dyno. The dyno allows us to
know exactly what’s going on. We selected several viscous
units and several different fans. Some of the new fans look
very nice —six blade, symmetrical. The one we’ve shown in
our parts catalog for years is a five blade, asymmetrical
design, which we’ve always considered to look “funny.”

e



The new ones were bound to do better. Well, so much for
style! The Mopar Performance Parts viscous fan package
won! It was 5 to 10 horsepower better than the other
viscous fans. Each was run separately so that we didn't
miss any possible combination.

That was reassuring. But the real shocker was the Mopar
Performance Parts viscous drive compared to a plastic flex
fan. Everyone had always assumed that these two types of
units were about the same in performance. Additionally, the
plastic flex fans are sold as a performance piece and they
have always looked trick. Well so much for looks! The
Mopar Performance Parts viscous drive package was
horsepower and 13 Ib-ft of torque better than the flex fan.
The flex fan could be as good as some of the other viscous
drives, but the Mopar Performance Parts unit is
substantially better for performance.

Note: Although the viscous fan package listed will fit your

Power Tech engine (bolt spacing is the same), care
must be taken to assure sufficient fan-to-radiator clearance
is maintained (minimum from the leading edge of the
fan to the back edge of the radiator; preferred).
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Viscous Fan Package

Most late 1960sand early 1970s Chrysler-Plymouth-
Dodge muscle cars were equipped with viscous fans for
cooling purposes. DaimlerChrysler engineers have
determined through dyno testing that this viscous fan is
the best replacement package. It provides thermostatically
controlled cooling, includes a lightweight balanced fan
and takes the least amount of horsepower from the engine.

P4120758 Viscous fan package.

Electric Fans

12 volt electric cooling fans are highly efficient auxiliary
bolt-ons for Street Rods, Street Machines, race cars, trucks,
and compact or medium sized vehicles. They can be
installed in front or in back of your radiator quickly and
easily. Unlike conventional belt drive fans, an electric fan
will not rob engine horsepower.



222 MOPAR PERFORMANCE PARTS

Induction System

INTAKE MANIFOLD

The 4.0L engine standard production intake manifold is
made of cast aluminum and uses eleven bolts to mount to
the cylinder head (Figure 4-48). This mounting style
improves sealing and reduces the chance of leaks.

Removal and Installation

The engine intake manifold and exhaust manifolds must be
removed and installed together. The manifolds use a
common gasket at the cylinder head. Refer to Exhaust
Manifolds, ‘Exhaust System’ section of this chapter for
more information.

MULTI-POINT FUEL INJECTION (MPI)

The 4.0L engine uses a sequential Multi-Port Fuel Injection
(MPI) system. Fuel is injected into the intake manifold
before the intake valve in precise metered amounts through
electrically operated injectors. The injectors are fired in a
specific sequence by the Powertrain Control Module (PCM).
The PCM constantly adjusts the amount of fuel injected to
meet changing operating conditions by controlling injector
pulse width (the length of time the injector is energized). The
PCM also adjusts ignition timing by controlling the ignition
coil operation through the Ignition Control Module (ICM).
The PCM determines air-fuel mixture and ignition timing
based on inputs it receives from various sensors that monitor
engine operating conditions.

The PCM receives inputs from sensors that react to exhaust
gas oxygen content, coolant temperature, manifold absolute
pressure, engine speed (crankshaft position), throttle
position, battery voltage, intake manifold air temperature,
engine knock and transmission gear selection. These inputs
represent the engine’s instantaneous operating conditions.
Air-fuel mixture and ignition timing calibrations for
various driving and atmospheric conditions are pre-
programmed into the PCM. The PCM monitors and
analyzes its various inputs, computes engine fuel and
ignition timing requirements based on these inputs, and
controls fuel delivery and ignition timing accordingly. The
Engine Control System is comprised of (1) the sensors and
switches that provide input to the PCM, (2) the PCM itself,
and (3) the PCM outputs (engine control devices that the
PCM constantly adjusts). The Engine Control System
consists of

e Battery Voltage

e Manifold Absolute Pressure (MAP) Sensor
e Coolant Temperature Sensor

e  Manifold Air Temperature (MAT) Sensor

e Exhaust Oxygen (O,) Sensor

e Engine Speedcrankshaft Position Sensor
e Throttle Position Sensor

e Injector Synchronization Signal

e A/C Select Signal

e A/C Request Signal

e Neutral Safety Switch

e Knock Sensor

e Fuel Pump Relay

e  Fuel Injectors

e Idle Speed Stepper Motor

e B+ Latch Relay

e Oxygen Sensor Heater Relay

e EGR Valve Solenoid

e Ignition Control Module

e  Shift Indicator Light (manual transmissions only)

e A/C Clutch Relay
Powertrain Control Module (PCM)

The Powertrain Control Module (PCM) is a digital
microprocessor. Air-fuel mixture calibrations for various
driving and atmospheric conditions are pre-programmed
into the PCM. The PCM monitors and analyzes its various
inputs, computes engine fuel and ignition timing
requirements based on these inputs, and controls fuel
delivery and ignition timing accordingly. As operating
conditions change, the PCM adjusts injector pulse width and
ignition timing for optimum performance and fuel economy.

Jeep High Performance Computer

Mopar Performance Parts computer provides more spark
advance and increased fuel flow for off road racing
applications. This computer will enhance other
performance modifications. For 1987-90, 4.0L engines
only.

P4529334 Jeep high performance computer.

PCM Inputs

The PCM is powered by the vehicle’s battery. When the
ignition is turned to the ON or START position, the
following inputs are supplied to the PCM:

e Battery Voltage
e  Manifold Absolute Pressure (MAP) Sensor

e Coolant Temperature Sensor
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e Manifold Air Temperature (MAT) Sensor
e  Exhaust Oxygen (O,)Sensor

e Engine Speedcrankshaft Position Sensor
e Throttle Position Sensor

e Injector Synchronization Signal

e A/C Select Signal

e Neutral Safety Switch (gear selection— automatic
transmission)

e Knock Sensor

e  Start Signal
PCM Outputs

Based upon signals from various input sensors and
switches, the PCM adjusts the following components (PCM
outputs):

e Fuel Pump Relay

e B+ Latch Relay

e Oxygen Sensor Heater Relay

e A/C Clutch Relay

e Fuel Injectors

e Idle Speed Stepper Motor

e EGR Valve Solenoid

e Ignition Control Module (ICM)

e  Shift Indicator Light (manual transmission only)
Modes of Operation

As input signals to the PCM change, the PCM adjusts its
response to the output devices. For example, the PCM must
calculate a different injector pulse width and ignition timing
for idle than it does for wide open throttle. There are eight
different modes of operation that determine how the PCM
responds to the various input signals.

Modes of operation are of two different types: OPEN
LOOP and CLOSED LOOP.

During OPEN LOOP modes the PCM receives input
signals and responds only according to preset PCM
programming. Input from the oxygen (O,) sensor is not
monitored during OPEN LOOP modes.

During CLOSED LOOP modes the PCM does monitor the
O, sensor input. This input indicates to the PCM whether or
not the calculated injector pulse width results in the ideal
air-fuel ratio (14.7 parts air to 1 part fuel). By monitoring
the exhaust oxygen content through the O, sensor, the PCM
can ‘finetune’ the injector pulse width to achieve optimum
fuel economy combined with low emission engine
performance.

The MPI system has the following modes of operation:
e Ignition Switch ON

e Engine Start-up (Crank)

e Engine Warm-up

e Idle

e Cruise

e Deceleration

e  Wide Open Throttle

e Ignition Switch OFF

The ignition switch ON, engine start-up (crank), engine
warm-up, deceleration, and wide open throttle modes are
OPEN LOOP modes. The idle and cruise modes, with the
engine ut operating temperature, arc CLOSED LOOP modes.

Throttle Body

Filtered air from the air cleaner enters the intake manifold
through the throttle body. Fuel does not enter the intake
manifold through the throttle body. Fuel is sprayed into the
manifold by the fuel injectors. This throttle body, mounted
on the intake manifold, contains an air bypass passage that
is used to supply air for idle conditions, and a throttle valve
for above idle conditions.

The throttle position sensor and idle speed stepper motor
are attached to the throttle body. The accelerator cable is
connected to the throttle valve through a bellcrank and
linkage mounted to the intake manifold.

There are different throttle bodies for automatic and manual
transmission equipped vehicles. The throttle valve is not
controlled by the PCM.

Fuel Rail

The fuel rail supplies fuel to the injectors and is mounted to
the intake manifold (Figure 4-47). The fuel pressure
regulator is attached to the rail and the fuel pressure test
port is integral with the rail. The fuel rail is not repairable.
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Figure 4 - 47
Fuel Pressure Regulator

The fuel pressure regulator used with the MPI fuel system
is a vacuum assisted, non-adjustable type. The regulator is
mounted on the output end of the fuel rail and is connected
to intake manifold vacuum. The regulator is calibrated to
maintain fuel system pressure at approximately 214 kPa (31
psi) with vacuum applied while the engine is at idle. Fuel
pressure will be 55-69 kPa (8-10 psi) higher if vacuum is
not applied to the regulator.

The pressure regulator contains a diaphragm, calibrated
spring and fuel return valve. Fuel pressure operates on the
bottom side of the diaphragm while spring pressure and
intake manifold vacuum operate on the top side of the
diaphragm. Spring pressure tries to force the return valve
closed. Fuel pressure, with assistance from manifold
vacuum on the spring side, acts against the spring pressure
to open the return valve. Thus, system fuel pressure is the
amount of fuel pressure required to force against spring
pressure and unseat the fuel return valve.

Without vacuum applied to the spring side of the regulator,
the spring is calibrated to open the fuel return outlet when
the pressure differential between the fuel injectors and the
intake manifold reaches approximately 269 kPa (39 psi).
Since manifold vacuum varies with engine operating
conditions, the amount of vacuum applied to the spring side
of the diaphragm varies. For this reason, fuel pressure
varies depending upon intake manifold vacuum. With low
vacuum, such as during wide open throttle conditions,
minimal vacuum assistance is available and full spring

pressure is exerted to seal the fuel outlet causing system
pressure to increase. With high vacuum, such as during idle,
fuel pressure on the bottom of the diaphragm is assisted by
intake manifold pressure on the spring side of the
diaphragm, resulting in lower system fuel pressure. The
fuel pressure regulator is not controlled by the PCM.

Racing Modifications

By their nature, unlike carbureted engine set-ups, fuel
injection systems deliver fuel equally among all six
cylinders. It’s because of this excellent fuel distribution
characteristic that fuel injection is preferred over carburetors,
even over high performance 2 and 4-Bbl. carburetors.

And don’t disconnect those stock fuel injection sensors!
Today’s engines run a lot hotter because they run a lot
leaner; because of this, fuel injection temperature is very
critical. It is something that has to be constantly monitored
and stabilized to keep the fuel injection and the power level
in their proper places. Mopar Performance Parts
recommends the use of all sensors, even in high-
performance racing set-ups. These sensors constantly input
vital information to the PCM, and the PCM corrects the
mixture accordingly.

And don’t abandon that oxygen sensor, either. Since racing
set-ups don’t use catalytic converters, use an EGT probe to
locate the hottest spot in the exhaust system and install the
oxygen sensor there.

AIR FILTERS

High Performance Air Filter Element

Special reusable filter element for high performance.
Increases air flow versus stock filters which increases
engine output.

P5249792 High performance air filter element,
1993-97 Jeep Grand Cherokee 4.0L only.
P52499 18 High performance air filter element,
1991-96Jeep Wrangler 4.0L only.
P4876273 High performance air filter element,
1997-98 Jeep Wrangler 4.0L only.
P4876272 High performance air filter element,

1987-96 Jeep Cherokee 4.0L only.

Air Filter Cleaning Fluid

Mopar Performance Parts long-life high performance air
filters are reusable. This cleaning fluid is designed to
remove dirt to extend the life of the filter.

P4529392 Air filter cleaning fluid.
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Air Filter Oil

Long life, high performance air filters trap dirt with a
special oil on the filter. After cleaning air filters, re-oil
them with this special fluid.

P4529393 Air filter oil.

TURBOCHARGING

Turbocharging is not for the amateur. People who want
turbochargers on their race vehicles are those looking for
an added amount of horsepower to their already well-
running engines.

Turbocharging is not a new engineering feature. It has been
used for many years in many applications. Even some
production models of the mid-1960s had a turbocharging
option. However, after a year or two in production, these
options were dropped.

Over the past several years, interest in turbocharging has
increased rapidly. Much of this interest is centered around
the Street Machine, Street Rod, and recreational vehicle
segments of the automotive high performance scene. We
have been evaluating the turbocharging of Jeep engines for
several years. We have been primarily interested in gaining
experience and knowledge in the area and have left the
marketing of kits, etc., to the aftermarket manufacturers.

Turbocharging is best suited to small engines with low
compression ratios because of the quality of gasoline
currently available. Turbochargers can add a lot of power to
an engine without having to change engine displacement,
swap engines, or disassemble the engine. Most aftermarket
systems just bolt right on. Jeep engines are particularly
well-suited to turbocharging because of their heavy duty
construction and reliability.

Choosing a turbocharger can be a complicated task which is
beyond the scope of this discussion. For details, we suggest
that you contact the various turbo manufacturers. In
general, small engines should use small turbochargers.
Also, small turbochargers are best suited for general
purpose use. The larger turbochargers are designed for high
engine speeds and high outputs, which make them best
suited for actual racing applications. The boost pressure
from the turbocharger for a general purpose application
would be in the 5 to 10 psi range. For boost pressures over
10 psi and/or higher compression ratios (over 8.0:1), water
andlor alcohol injection is needed. For general purpose use,
a conservative camshaft is an advantage because it
improves low speed response. Also, for general purpose
use, water injection is not recommended because if the
water is allowed to run out, excessive detonation and
engine failure would quickly result.

In a turbocharging application, the most likely parts to fail in
an engine are the pistons and/or rings, which will fail from
detonation. Therefore, low compression ratios and lower
boost pressures are recommended for general purpose use,
and water injection should be used in racing applications.
For general purpose turbocharger applications, a spark
advance retard system sensitive to positive manifold
pressure should be added to the distributor.

Some general tips on turbocharging are as follows. A
wastegate increases the engine’s performance, especially at
lower engine speeds. A turbocharger unit needs to be oiled
from the engine. It should also have a much larger oil return
line to the sump than the line that is used to supply the oil
to the turbo under pressure.

If you have further questions on turbocharging, we suggest
that you contact the manufacturer of the turbocharging
system you are interested in.

SUPERCHARGING

Supercharging is not for the amateur. People who want
superchargers on their race vehicles are those looking for
an added amount of horsepower to their already well-
running engines.

There are many types of superchargers on the market.
There are roots blowers and centrifugal blowers. There are
names like Paxton, Latham, Judson, B & M, Weiand, and
many others. But to most racers and performance
enthusiasts, the blower that they want on either their race or
dual purpose vehicle is a 6-71. It is a roots blower, but it’s
better known as the blower the pros have used in Top Fuel
and Funny Car racing dating back to the late 1960s.

The 6-71 roots blower makes power (and torque) by putting
a positive pressure in the intake manifold. In a typical dual
purpose application, this pressure is in the 5 to 7 psi range.

6-71 blowers were designed and built originally for diesel
engines. They have never been standard production on any
gasoline engine. However, they have become very popular
additions for Street Machines and Street Rods. These
“automotive” units are remanufactured and/or specially
built for racing/high performance purposes.

There are two general types of 6-71 blowers for high
performance applications —Gas/Fuel “pro” racing and dual
purpose. These two look the same externally but are
different internally and use a different drive arrangement.
We’ll leave the “Gas/Fuel” racing blowers to the pros. They
are much more expensive.

Dual purpose 6-71 blowers bolt to a specially modified
intake manifold usually based on a carbureted intake for the
specific engine. In some cases, it is a unique casting.
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Once you have the special intake manifold, the blower can
be bolted on to your engine. After the carburetor or fuel
injection is added to the top of the blower, a hole is cut in
the hood, fuel lines and throttle linkage added, and
everything is done except for the blower drive, which is
added to the front of the engine. The adaptation of the
blower to the intake for your specific engine and the blower
drive itself are best left to the dual purpose blower
specialists that make the kits.

Note: Due to the increased air flow, supercharging an engine
requires a large increase in fuel delivery. Production fuel
injection systems are not capable of meeting this fuel
demand. To supercharge an engine which has production fuel
injection, the injection system must be substantially modified
or else removed and a carburetion system installed.

Sources

The various engine builders and suppliers in the
supercharging area are very important people to keep in
touch with to be able to keep up-to-date. Their addresses
are listZed below

Keith Black Racing Engines
11120 Scott Avenue
South Gate, California 90280

Milodon Engineering Co.
20716 Plummer Street
Chatsworth. California 91311

B &M
9142 Independence Avenue
Chatsworth, California 91311
www.bmracing.com

Crane Cams
530 Fentress Boulevard
Daytona Beach, Florida 32114
WWW.cranecams.com



http://www.bmracing.com
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Fuel Delivery System

INTRODUCTION

The fuel delivery system must supply gasoline to the
carburetor/fuel injectors under very hard acceleration,
potentially as high as two G. The best carburetor/fuel
injection and intake manifold set-up can’t do its job if it
doesn’treceive the proper supply of fuel. Getting fuel to the
carburetor/fuel injectors efficiently for off-road (racing)
applications is the subject of this section.

Note: For more information on fuel injection systems,
refer to ‘Induction System’ section of this chapter.

Drag Racing Fuel System

A good electric fuel pump, such as the Carter 4.594
(P4007038), should be used to make sure that the engine
doesn’t have any fuel starvation problems. It should be
hooked up so that it only works when the key is in the “ON”
position. A separate switch in conjunction with the ignition
key is optional. See Mopar Chassis-8th Edition (P5249441)
for more complete details.

In Stock Eliminator, one electric pump is sufficient. In
faster categories such as Super Stock or Modified
Production, two Carter electric fuel pumps (P4007038) in
parallel should be used. Parallel means having two inlets
and two outlets rather than one pump feeding into a second
pump. The mechanical pump should also be used.

Also available from Mopar Performance Parts for race
vehicles is a high capacity, high pressure Holley electric
fuel pump (P4120227-regulator included) and Holley
pressure regulator (P4120228). The Holley pump requires
the Holley regulator. With the Holley pressure regulator and
electric fuel pump, you don’t use a mechanical pump. This
means the pump could be left on with no fuel lines attached,
or the pump could be removed and the hole left in the block
covered with a chrome fuel pump block-off plate
(P4529404). The latter approach is recommended.

For the majority of bracket racing applications we
recommend an electric fuel pump be added next to the gas
tank in addition to the mechanical fuel pump. For a dual 4-
Bbl. tunnel ram system, we recommend two Holley electric
fuel pumps (P4120227) with a pressure regulator (included
with pump) at each carburetor.

You should always have at least one fuel filter in the line. DO
NOT use a glass or plastic fuel filter. Use only a metal fuel
filter. Glass and plastic filters may be convenient, but they
are usually not legal for racing and are definitely not safe.

Warning! Plastic or glass fuel filters will either melt or
break in an accident or fire, causing a major fuel fire.
MOPAR PERFORMANCE PARTS DOES NOT
RECOMMEND THE USE OF GLASS OR PLASTIC
FUEL FILTERS AT ANY TIME.

Carter Electric Fuel Pump

In Stock Eliminator, one pump is sufficient. In faster
categories, two pumps can be used in parallel. Provides 72
gph @ 7.0 psi.

P4007038 Carter electric fuel pump.

Holley Electric Fuel Pump

High capacity, high pressure. Can be used in parallel
without mechanical pump for multiple carburetor
applications. Regulator included. Provides 70 gph at 9.0 psi.

P4120227 Holley electric fuel pump.

Holley Fuel Pressure Regulator
To service Holley fuel pump P4120227.

P4120228 Holley fuel pressure regulator.

High Capacity Electric Fuel Pumps

High capacity, high pressure electric fuel pump can be
used singularly or in parallel with mechanical pump.
Designed for drag race applications.

P5249781 110 gph.
P.5249782 140 gph.
P5249783 250 gph.

Oval Track Fuel System

The fuel system has to keep fuel supplied in adequate
volume and pressure to allow the carburetor/fuel injectors
to function properly at W.O.T. (wide open throttle). If it
doesn’t, the engine will run lean, overheat and fail parts, or
not run at all.

Caution: Due to the extreme safety hazards that electric
fuel pumps can cause in oval track racing, Mopar
Performance Parts does NOT recommend the use of
electric fuel pumps for oval track vehicles. Refer to Chapter
8, Off-Roading and Racing, for more details.
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Generally, electric pumps are not allowed by circle track
sanctioning bodies/tech officials. This means that the rest of
the fuel system has to be “right.” The mechanical pump has
to be in top shape. Be sure to use a high volume pump. The
fuel lines must be as straight as possible without kinks, flat
spots, pinches, or diameter changes. From the tank to the
carburetor, only one size fuel line should be used. Once you
split the main fuel line down from one line to multiple
carburetor entries (such as a dual-feed Holley carburetor),
you can drop a size in fuel line diameter.

You should always have at least one fuel filter in the line.
DO NOT use a glass or plastic filter. Use only a metal fuel
filter. Glass and plastic filters may be convenient, but they
are usually not legal for racing and are definitely not safe.

Warning! Plastic or glass fuel filters will either melt or
break in an accident or fire, causing a major fuel fire.
MOPAR PERFORMANCE PARTS DOES NOT
RECOMMEND THE USE OF GLASS OR PLASTIC
FUEL FILTERS AT ANY TIME.

If you are constructing new fuel lines, they should go under
the floor pan. And don’t forget the gas tank vent. It should
be designed to work both on the level ground of the
pits/garage and on the banked/high G comers on the race
track itself. Keep in mind that, in the comers at race speeds,
all the gas in the tank is “piled up” on the right side
(passenger side) of the tank. (This obviously assumes that
the race car always turns left.)

FUEL PUMP

The fuel pumps of carbureted and fuel injected vehicles are
different. Carbureted vehicles have a mechanical fuel pump
driven by an eccentric lobe on the engine’s camshaft. Fuel
injected engines (such as the 4.0L) have a gear/rotor type
pump driven by a permanent, magnetic 12 volt electric
motor that is immersed in the fuel tank. This electric pump
is integral with the fuel sender unit and is also installed
inside the fuel tank.

Note: Electric fuel pumps used with Throttle Body
Injection (TBI) and Multi-Point Injection (MPI) systems,
though similar in appearance and function, are different and
CANNOT be interchanged.

MPI Fuel Pump

The MPI fuel pump has a check valve at the outlet end that
consists of a steel ball held against a seat by force applied
from a spring. When the pump is operating, fuel pressure
overcomes spring pressure and forces the ball off its seat,
allowing fuel to flow. When the pump is not operating,
spring pressure forces the ball back against the seat
preventing fuel back flow through the pump.

MPI Fuel Pump Controls

The fuel pump circuit of the MPI system is equipped with
a ballast resistor to reduce fuel pump noise. Voltage to
operate the fuel pump is supplied through the fuel pump
relay, except during engine starting (cranking) and wide
open throttle conditions. Ground for the fuel pump relay is
controlled by the engine’s Powertrain Control Module
(PCM). During engine starting, the fuel pump relay and
ballast resistor are bypassed and voltage is supplied to the
fuel pump through the starter relay. During wide open
throttle conditions the fuel pump relay and ballast resistor
are again bypassed and voltage is supplied to the fuel pump
through the oxygen (O?) sensor relay.

MPI system fuel pressure is maintained at 214 kPa (31 psi)
when the pump is operating and vacuum is supplied to the
fuel pressure regulator. If vacuum is not supplied to the fuel
pressure regulator because of a broken or clogged vacuum
line, fuel pressure will be 55-69 kPa (8-10psi) higher. When
the fuel pump is not operating, system fuel pressure of 131-
269 kPa (19-39 psi) is maintained by the fuel pump outlet
check valve and the vacuum assisted fuel pressure regulator.

FUEL TANKS AND FUEL CELLS

For the majority of race vehicles, the standard gasoline tank
should be adequate. The typical production gas tank has a
15-20 gallon capacity. The stock-type fuel tank will
perform best full or close to full. The only real shortcoming
of the production fuel tank is the tank vent, especially on
newer vehicles. The quick, economical solution to this is to
put a .25" hole through the gas cap.

Warning! DO NOT put a hole through the gas cap with the
gas cap on the vehicle. Severe personal injury may result.

On a high output race vehicle, an auxiliary tank vent should
be added at the top-front and inside-left edge of the tank.
The typical upside-down “J” vent will spill gasoline on
hard deceleration with a full tank. The vent should also be
self-draining or it will be inoperative. An upward spiral
vent will do this best if space permits.

Note: If the stock gas tank is used, check the gas tank
support strap(s) and attaching bolts. If you only have one
strap, add a second. If you have two, consider double
thickness straps. If the straps are rusted, replace them. Use
Grade 8 bolts to attach the tank support straps to the
chassis/frame.

On gas tanks that are rear fill, the cap will sometimes leak
under hard acceleration. This should be corrected with a
leak-proof cap or relocated filler before the vehicle is raced,
or replace the tank with a fuel cell.
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If an all-out race vehicle is going to have the gas tank size,
filler tube, or pick-up modified, then a fuel cell is highly
recommended. Fuel cells are safer and feed the fuel line
better for the same amount of work. Before installing a fuel
cell, check with your local track and sanctioning body to
see if they are legal. We highly recommend them for both
racing function and safety.

FUEL LINE

Fuel lines should be metallic, not rubber. Rubber fuel lines
should only be used for vibration connections (such as
going from the body/frame to the engine).

Note: Fuel injected engines use specially constructed
rubber fuel lines. Only fuel lines marked EFM/EFI should
be used. Rubber fuel lines should be replaced every couple
of years to avoid cracking. Whenever possible, it is
recommended that rubber fuel lines be replaced with steel
braided lines.

Fuel lines should always be routed outside the frame rails in
the bellhousing area. At all times try to use the vehicle’s
frame to protect fuel lines. DO NOT place any fuel line on
the bottom of a frame rail. In addition, fuel lines should
NEVER pass through the driver’s compartment at any point.

When installing rubber fuel lines, ensure that they are
routed away from contact with other vehicle components
that could rub against them and cause failure. Avoid contact
with clamps or other components that cause abrasions or
scuffing. Ensure that all rubber fuel lines are properly
routed and avoid heat sources. Only use hose clamps which
have rolled edges. Other types of clamps may cut into the
hose and cause high pressure fuel leaks. Rubber fuel lines
on race vehicles should be replaced every couple of years
to avoid cracking.

FUEL FILTER

The fuel filter protects the fuel injectors from dirt, water
and other foreign matter. The filter is located under the
vehicle along the driver’s side frame rail. Replace filter at
intervals specified on the Maintenance Schedule in the
service manual.

Caution: Fuel filters designed for carbureted systems are
NOT interchangeable with filters designed for fuel injection
systems. Using fuel filters designed for carbureted systems
on fuel injection systems will cause damage to system
components and/or fuel system shut down. For proper fuel
injection system fuel filter availability and pricing, contact
your local Chrysler-Plymouth-Dodge-Jeep dealer.

FUEL HOSES AND CLAMPS

Inspect all hose/clamp connections for completeness and
ensure that no leaks are present. Hoses that are cracked,
scuffed, swollen, have rubbed against other vehicle
components or show any other signs of wear that could lead
to failure must be replaced.

When installing hoses, ensure that they are routed away
from contact with other vehicle components that could rub
against them and cause failure.

Quick Connect Fuel Tube Fittings

MPI fuel injected engines utilize quick-connect fuel tube
fittings at the ends of nylon reinforced hoses. These fittings
consist of two O-rings, a spacer (installed between the O-
rings) and an O-ring retainer.

Note: The O-ring and spacer assembly must be replaced
whenever the quick-connect fittings are disassembled.

On MPI equipped vehicles, the fittings are used at the inlet
side of the fuel rail, the pressure regulator end of the fuel
rail, and at the end of the tube/hose assembly that connects
the pressure regulator to the return tube (located below the
EGR valve transducer).

FUEL

Fuel Definitions

There are many types of fuels. The following are the most
popular or common in racing. It is important to note that not
all fuels are hydrocarbons (a compound of carbon and
hydrogen). There are others such as butane, benzene, and
aniline which are sometimes used in small quantities for
special applications. Then there are the fuels that carry their
own oxygen which are considered “super fuels.” This is a
field that is rapidly changing. Racing has always been a
leader in the fuel development field.

e  Gasoline
A hydrocarbon. The most common fuel used in racing.
e  Methanol

The simplest alcohol, commonly called wood alcohol.
It is a colorless, flammable liquid used as an anti-
freeze, solvent, fuel, and denaturant for ethanol. The
most commonly used alcohol fuel in racing.

e FEthanol

Commonly called grain alcohol. This is the alcohol that
is added to “‘pump’’ gas, especially in the Midwestern
United States.
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Propane

Either a gas or a liquid, propane is used in some fleet
vehicles that operate within large cities. Typically
requires a special tank and throttle body to convert a
standard vehicle.

Nitromethane

Generally considered a nitrate in the same family as
nitroglycerin. It has nitrogen and oxygen added to the
base carbon and hydrogen compound. Because it has
its own oxygen in the compound, it is a “super fuel”
since it can give up the oxygen in the combustion
process and drastically increase an engine’s output.
Nitromethane is used in NHRA Top Fuel and Funny
Car racing. It is generally not legal to use outside of
drag racing.

Hydrazine

A nitrogen and hydrogen compound commonly called
“rocket fuel.” Very dangerous! Was used in NHRA Top
Fuel racing in the late 1960sand early 1970s. Has since
been banned for automotive use.

Toluene

A hydrocarbon generally used as an additive to
gasoline. Tends to reduce engine “knocking” by
increasing the fuel’s octane rating or number.

Propylene Oxide

Another gasoline additive; usually used in small
amounts. Just as with Nitromethane, it carries its own
oxygen which will make gasoline burn like a “super
fuel.” Used to increase horsepower.

FUEL ECONOMY

The first “energy crisis” occurred in late 1973 through 1974
with subsequent gasoline shortages. This resulted in, for the
first time, serious considerations being given to fuel
economy by the American car-buying public. The 1973-74
crisis started Americans thinking about fuel economy, but it
didn’t convince buyers that they needed to double their fuel
economy or purchase 30 to 40 mpg small cars. 1979 was
the year of giant gas lines, closed gas stations, odd-even
rationing, and minimum-or-maximum sales limits. The
“energy crisis” of 1979 resulted not only in shortages, but
greatly increased prices as well. In 1978 a gallon could be
purchased for 50-60 cents, which most people already felt
was too high. In 1979 the price went past $1.00 per gallon
quickly, and on up to $1.30 per gallon or higher. (For the
last several years prices have stabilized, but they could
shoot up again at any time.) These two aspects of the 1979
crisis made fuel economy the number one buyer interest.
This was a new area for the American buyer that never
thought about fuel economy before. Some buyers fell back
on 10-20 year old information that foreign cars had the best
fuel economy. American companies countered with
comparison ads showing better fuel economy for American
cars. The fuel economy contest was on and shows no signs
of letting up.

To this end, we have prepared the following tune-up tips
which will help you optimize the fuel economy of your
DaimlerChrysler vehicle. Keep in mind that a good tune-up
and constant maintenance are the best choices for good fuel
economy. All the “trick” gadgets that the market now has to
offer together are worthless on a poorly tuned and
maintained vehicle.

T OTTTT
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Engine

Note: The following information refers to all engines as a
group, unless specifically stated otherwise.

Complete engine fuel economy performance is a very
complicated and lengthy topic. Therefore, this section is
split into three subsections: 1) simple tune-ups that don’t
require any nonstandard parts; 2) minor rework and
modification requiring some nonstandard parts; and, 3) a
more extensive rework which requires removal of the
cylinder head and the installation of some nonstandard parts.

1.

Tune-up and Check-Out

There are many times when fuel is wasted or used at a
greater rate than is desirable because the engine is in
need of a simple tune-up. There are also a few simple
adjustments and changes that can be made to improve
your engine’s fuel economy. We will cover these simple
tune-up items first before moving onto the more
complex and expensive modifications. The
recommendations in this section should be studied first
regardless of what further modifications are considered.

a. Spark Plugs and Ignition Cables

New spark plugs should always be installed when
performing a major tune-up. Examine the old
plugs carefully. They can tell you a lot about the
condition of your engine and/or ignition system.
Spark plugs should be a light tan color. If they are
black, they are probably misfiring. Oily black
indicates oil fouling. Sooty black generally
indicates ignition problems or the fuel-air mixture
is too rich. Always check the plug gap when
installing new spark plugs.

While changing the plugs, inspect the ignition
cables and ends carefully to see that they are in
good condition. If any plug condition indicates
that the ignition cable may be broken, or if any
ignition cable or end looks cracked or in poor
condition, that cable should be replaced.

There are sophisticated electrical instruments
available in some tune-up shops that can tell if the
plugs are firing efficiently or if the plug wires need
to be replaced. These instruments can be a big aid
in doing tune-ups.

b. Distributor Cap and Rotor

The distributor cap and rotor are the next items to
check. Inspect the distributor cap’s terminals for
corrosion or pitting and the cap itself for cracks or
carbon tracking. If any of these conditions are
found to exist, the cap should be replaced. When
installing a new cap, be sure it fits securely against
the distributor housing.

C.

The distributor rotor should also be checked for
pitting or corrosion and should fit tightly on the
end of the distributor shaft. The rotor should be
replaced if it does not meet these requirements.

Air Filter

The air cleaner filter element should be removed,
checked, and replaced if dirty. Even if it looks
clean but has been used, blow it out from the
inside with compressed air.

Fuel Leaks

Check the carburetor/throttle body and fuel lines
for external fuel leaks with the air cleaner
removed. The fuel pump and fuel (filter
connections should also be checked for leaks. All
leaks should be repaired.

Carburetor Adjustments

After the engine has been thoroughly warmed, the
choke should be “off” or perfectly vertical. This
can be checked by removing the air cleaner while
the engine is idling. If the choke blade isn’t
vertical, adjust it so it is. With the engine shut-off
and the air cleaner removed, inspect the
accelerator pump linkage. On most vehicles there
are three adjustment holes in the pump arm. The
best driveability will be obtained with the linkage
in the hole closest to the arm’s pivot. The best
economy will be obtained using the hole farthest
away from the pivot. The economy setting may
make the engine “stumble” or “pause”; i.e., make
the driveability poorer. If the poorer driveability is
objectionable, try the adjustment in the center hole
on the pump arm as a compromise.

The idle circuit usually has an “enrichment” screw
on the outside of the carburetor. This screw has a
restricted adjustment range to enable the engine’s
idle to be set as smoothly as possible. Be careful
that this screw wasn’t over adjusted. This would
result in poor fuel economy.

Check the trap doors in the air cleaner snorkels to
ensure that they open once the engine is warmed
up. Also check the air cleaner and carburetor for
vacuum leaks, cracked hoses (especially vacuum
hoses), or hoses that have come off.
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f. Ignition Timing (if adjustable)

Ignition timing or spark advance is very important
to fuel economy. It is very important that it be set
correctly. Most late model vehicles have a tag in
the engine compartment that provides the correct
spark advance setting for that vehicle’s engine.
This initial timing should be set at the specified
idle speed and with the vacuum advance hose
disconnected. In the interest of fuel economy, you
should always run the maximum allowable spark
advance.

g. Light Engine Oils

Running a light engine oil will also help fuel
economy. Caution must be used with light oil as it
may not lubricate the engine properly under high
load or temperature conditions. It is most
important that a multi-viscosity, high quality oil be
used. Avoid aftermarket additive “viscosity
improvers” and heavy oils such as SAE 40W or
50W. Engine oils lighter than SAE 10W30 are not
generally recommended for six cylinder cast iron
engines. If in doubt, check your owners or service
manual.

Rework (Simple Modifications)

With the basic tune-up and check-out operations
performed, we have a solid foundation for making
further improvements. These improvements require
special parts but offer further fuel economy gains over
the best stock package. Since these changes do use new
and different parts, be sure to check your warranty and
local track regulations BEFORE you make any change.

Rebuild (MajorModifications)

With all the easy to reach items completed, further
improvements can be obtained by more extensive
modifications, which will require greater time and effort.
These modifications require removing the cylinder head
and/or intake manifold. If you do your own work, the
cost of these modifications is relatively low.

a. Blueprint Compression Ratio

Blueprinting the engine compression ratio will
provide an increase in fuel economy. To blueprint
the compression ratio, the cylinder head must be
removed and milled at a machine shop. After the
head is removed from the engine, clean it and
volume check combustion chamber volumes.

b. Valve Job

A good valve job is very important to fuel
economy. The valvejob and cylinder head milling
should be done at the same time for simplicity and
to reduce cost. The head will have to be taken to a
machine shop or valve grinder to have the valves
ground, providing the best possible cylinder
sealing. Any valve in poor condition should be
replaced. Always reassemble the head with new
valve stem seals.

c. Camshaft

Changing camshafts rarely improves fuel
economy. If a high performance camshaft has been
installed in the engine, better fuel economy may
be obtained by using the standard production
camshaft that came with the engine. Since most
production engines are built with mild camshafts,
there is very little, if any, fuel economy advantage
in replacing the production camshaft.

In general, when trying to compare camshafts
from different sources, cam lift is the most
valuable piece of information. More lift, more
performance (horsepower); less lift, less
performance (but more fuel economy). For more
information, refer to ‘Camshaft and Valve Gear’
section of this chapter.

Chassis

With the engine adjustments and modifications covered, we
can turn our attention to the rest of the vehicle.

1.

Tire Pressure

The air pressure in a tire affects fuel economy.
Generally, higher tire pressures will provide better fuel
economy by reducing the tire’s rolling resistance.

Fluid Levels

Operating the transmission and rear axle at less than
their “full” fluid capacity will help fuel economy. An
automatic transmission can be run one pint below full
while a manual transmission and rear axle can be run a
1/2 pint below full. Caution must be used. Lowering
fluid levels below these recommendations may cause
transmission or axle damage.

Front End Alignment

Having the vehicle’s front end aligned properly will
provide improved fuel economy and reduced tire wear.
The vehicle’s front end toe-idtoe-out condition has the
greatest effect on fuel economy. It is important that the
tires point straight ahead when the vehicle is traveling
in a straight line. Stock caster and camber settings
should also be used.
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4. Weight

Any increase in vehicle weight will adversely affect fuel
economy. The vehicle’s basic weight is hard to decrease;
therefore, it is important not to carry any unnecessary
weight. While any weight reduction is beneficial in
terms of improved fuel economy, weight differentials of
less than 100 Ibs. will provide improvements too small
for the average driver to notice.

5. Torque Converters

High stall torque converters are a detriment to fuel
economy. If a special high stall converter has been
installed, reinstalling the stock converter will result in
improved fuel economy.

6. Manual Transmission

A 4 or 5-speed manual transmission will provide
better fuel economy than an automatic. However, the
conversion of an automatic transmission vehicle to a
manual transmission is extremely complicated and
not recommended.

Cost Effectiveness

Increasing a vehicle’s fuel economy “at any cost” can
result in an expensive project and one that is a poor
investment. Basic rebuild modifications and tune-ups are
always a good buy because they not only increase your fuel
economy, they also increase the usable life of the
engine/vehicle. Cost effectiveness should be considered in
modifications that cost over $200. These modifications fall
into three groups: drivetrain parts, engine swap, or a
vehicle rebuilt from the ground-up.

Driving

All of the previously discussed engine and chassis
modifications will improve your overall fuel economy.
However, the single most important factor in overall
mileage is the driver. The subject of “how to drive
economically” can be discussed at great length. There are,
however, only three primary considerations to be kept in
mind: speed, acceleration, and braking.

Only accelerate as hard as is necessary to keep up with
traffic and to attain your desired speed; drive slowly and
use your brakes as little as possible, yet maintain safety.
Jack rabbit starts and jerky, on and off the accelerator
driving wastes gasoline. Slower vehicle speeds will result
in better mileage. For example, a car or truck will get better
fuel economy at 65 mph than it will at 75 mph. Finally,
coasting to a stop rather than braking hard will result in
improved mileage. Obviously, this requires that you allow
more distance between you and the vehicle ahead. It also
requires you to plan further down the road in order to
anticipate occasions which may require braking. The
ultimate fuel economy improvement is smooth, steady,
slower driving. Your trips should also be planned such that
short, single trips are avoided.

There are many other books and pamphlets from other
sources that offer fuel economy tips. If you are serious about
fuel economy, we suggest that you obtain as many of these
as possible because they contain many good suggestions.
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Exhaust System

INTRODUCTION

The basic exhaust system consists of an exhaust manifold,
exhaust pipe with oxygen sensor, catalytic converter, heat
shield(s), muffler and tailpipe.

The 4.0L engine uses a seal between the exhaust manifold
and exhaust pipe to assure a tight seal and strain-free
connection, a single muffler, and a single, monolithic-type
catalytic converter.

The exhaust system must be properly aligned to prevent
stress, leakage, and body contact. If the system contacts any
body panel, it may amplify objectionable noises originating
from the engine or body.

When inspecting an exhaust system, critical items to look
for are cracked or loose joints, stripped screw or bolt
threads, corrosion damage, and worn, cracked or broken
hangers. Replace all components that are badly corroded or
damaged. DO NOT attempt to repair. When replacement is
required, use original equipment parts (or their equivalent).
This will assure proper alignment and provide acceptable
exhaust noise levels.

All exhaust systems should be checked for leaks. A leak in
the exhaust system is unsafe and will cost you power. DO
NOT, under any circumstances, use flexible tubing
anywhere in the exhaust system as the efficiency of the
flow will be reduced.

Caution: Avoid application of rust prevention compounds
or undercoating materials to exhaust system floor pan heat
shields. Application of coating will result in excessive floor
pan temperatures and objectionable fumes. Light overspray
near the edges is permitted.

Intake/Exhaust Manifold Gasket

The 4.0L engine uses a common intake and exhaust
manifold gasket. This gasket is designed for original
replacement. For 4.0L engine only.

P4529243 Intake/Exhaust manifold gasket.

Intake/Exhaust Manifold Race Gasket

Made from special high temperature material for added
durability in racing. Can be used as a service replacement.
4.0L engine only.

P4876112 Intake/Exhaust manifold race gasket.

Intake/Exhaust Manifold Attaching Package

Package of factory original nuts and bolts to attach intake
and exhaust manifolds. Includes 15 bolts, 12 washers, two
studs, two spacers, two pins and one tube. For 1986-89,
4.0L engines only.

P4529680 Intake/Exhaust manifold attaching

package.

Catalytic Converter

There is no regularly scheduled maintenance on any
DaimlerChrysler catalytic converter. If damaged, the
converter must be replaced.

The stainless steel catalytic converter body is designed to
last the life of the vehicle. Excessive heat can result in
bulging or other distortion, but excessive heat will not be
the fault of the converter. A fuel system, air injection
system or ignition system malfunction that permits
unburned fuel to enter the converter will usually cause
overheating. If a converter is heat-damaged, correct the
cause of the damage at the same time the converter is
replaced. Also, inspect all other components of the exhaust
system for heat damage.

Caution: Due to exterior physical similarities of some
catalytic converters with pipe assemblies, extreme care
should be taken when selecting replacement parts. For
availability and pricing, contact your local Chrysler-
Plymouth-Dodge-Jeep dealer.

The combustion reaction caused by the catalyst releases
additional heat in the exhaust system, causing temperature
increases in the area of the reactor under severe operating
conditions. Such conditions can exist when the engine
misfires or otherwise does not operate at peak efficiency.
DO NOT remove spark plug wires from plugs or by any
other means short out cylinders if exhaust system is
equipped with a catalytic converter. Failure of the catalytic
converter can occur due to temperature increases caused by
unburned fuel passing through the converter.

Unleaded gasoline MUST be used to avoid poisoning the
catalyst core. DO NOT allow engine to operate above 1,200
rpm in neutral for extended periods over 5 minutes. This
condition may result in excessive exhaust system/floor pan
temperatures because of no air movement under the vehicle.
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2. Burned or blown out muffler.

3. Burned or rustedl-out exhaust
pipe.

4. Exhaust pipe leaking at manifold
flange.

5. Exhaust manifold cracked or
broken.

6. Leak between exhaust manifold
and cylinder head.

7. Restriction in muffler or tailpipe.

4.01. POWER TECH IN-LINE 6 (EXHAUST SYSTEM)
CONDITION POSSIBLE CAUSE CORRECTION
EXCESSIVE EXHAUST NOISE 1. Leaks at pipe joints. 1. Tighten clamps at leakingjoints.

2. Replace muffler assembly. Check
exhaust system.

3. Replace exhaust pipe.

4. Tighten connection attaching
nuts.

5. Replace exhaust manifold.

6. Tighten exhaust manifold to
cylinder head stud nuts or bolts.

7 .Remove restriction, if possible.

or chassis.

8. Exhaust system contacting body

Replace muffler or tailpipe, as
necessary.

8. Re-align exhaust system to clear
surrounding components.

LEAKING EXHAUST GASES

gaskets.

1. Leaks at pipe joints.

2. Damaged or improperly installed

1. Tighten/replace clamps at leaking
joints.
2. Replace gaskets as necessary

Heat Shields

Heat shields are needed to protect both the vehicle and the
environment from the high temperatures developed in the
vicinity of the catalytic converter. The combustion reaction
facilitated by the catalyst releases additional heat in the
exhaust system. Under severe operating conditions, the
temperature increases in the area of the reactor. Such
conditions can exist when the engine misfires or otherwise
does not operate at peak efficiency. DO NOT remove spark
plug wires from plugs or by any other means short out
cylinders. Failure of the catalytic converter can occur due to
a temperature increase caused by unburned fuel passing
through the converter.

DO NOT allow the engine to operate at fast idle for
extended periods (over five minutes). This condition may
result in excessive temperatures in the exhaust system and
on the floor pan.

Exhaust Gas Recirculation (EGR)

To assist in the control of oxides of nitrogen (NOX) in
engine exhaust, all engines are equipped with an exhaust
gas recirculation (EGR) system. The use of gas to dilute
incoming air/fuel mixtures lowers peak flame temperature
during combustion, thus limiting the formation of NOX,

Exhaust gases are taken from openings in the exhaust gas
crossover passage in the intake manifold. Refer to the
service manual for complete description, diagnosis and
proper service procedures.

EXHAUST AND INTAKE MANIFOLDS

The two exhaust manifolds are log style and are made of
high silicon molybdenum cast iron. The exhaust manifolds
share a common gasket with the intake manifold. The
exhaust manifolds also incorporate ball flange outlets for
improved sealing and strain free connections.

Removal

Note: The engine intake and exhaust manifold must be
removed and installed together. The manifolds use a
common gasket at the cylinder head.

1. Disconnect the battery negative cable

2. Remove air cleaner inlet hose from throttle body
assembly.

3. Remove the air cleaner assembly.

4. Remove the throttle cable, vehicle speed control cable
(if equipped) and the transmission line pressure cable
(if equipped).

5. Disconnect the following electrical connections and
secure their harness out of the way:

e Throttle Position Sensor

e Idle Air Control Motor

T 71 71 N -
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®  Coolant Temperature Sensor (at thermostat housing)
e Intake Air Temperature Sensor

® Oxygen (Oy) Sensor

e  Crank Position Sensor

e  Six (6) Fuel Injector Connectors

6. Disconnect the MAP sensor, HVAC, and brake booster
vacuum supply hoses at the intake manifold.

7. Perform the fuel pressure release procedure. (Refer to
the proper service manual for correct procedure,)

8. Disconnect and remove the fuel system supply line
from the fuel rail assembly. (Refer to the proper service
manual for correct procedure,)

9. Loosen the accessory drive belt and tensioner. (Refer
to the proper service manual for correct procedure.)

10. Remove the power steering pump and bracket from the
intake manifold and set aside.

11. Raise the vehicle.

12. Disconnect the exhaust pipe from the engine exhaust
manifold. Discard the seal.

13. Lower the vehicle.

14. Remove the intake manifold and engine exhaust
manifold.

Installation

If the manifold is being replaced, ensure all fittings, etc., are
transferred to the replacement manifold.

1. Install a new engine exhaust/intake manifold gasket
over the alignment dowels on the cylinder head.

2. Position the engine exhaust manifold to the cylinder
head. Install fastener Number 3 and finger tighten at
this time (Figure 4-48).

3. Install intake manifold on the cylinder head dowels.

4. Install washer and fastener Numbers 1, 2,4, 5, 8,9, 10
and 11 (Figure 4-48).

5. Install washer and fastener Numbers 6 and 7
(Figure 4-48).

6. Tighten the fasteners in sequence and to the specified
torque (Figure 4-48):

e  Fastener Numbers | through 5 - Tighten to 33 Nem
(24 ft-1bs) torque.

e Fastener Numbers 6 and 7 - Tighten to 31 Nem
(23 ft-1bs) torque.

® Fastener Numbers 8 through 11 - Tighten to 33
Nem (23 ft-1bs) torque.

7. Install the power steering pump and bracket to the intake

manifold. Tighten the belt to specification. (Refer to the
proper service manual for correct procedure.)

8. Install the fuel system supply line to the fuel rail assembly.

Before connecting the fuel supply line to the fuel rail
inspect the O-rings and replace if necessary. (Refer to the
proper service manual for correct procedure.)

9. Connect all electrical connections on the intake manifold.

10. Connect the vacuum hoses previously removed.

1. Install the throttle cable and vehicle speed control
cable (if equipped).

12. Install the transmission line pressure cable (if equipped).
(Refer to the proper service manual for correct
procedure.)

13. Install air cleaner assembly.
14. Connect air inlet hose to the throttle body assembly.
15. Raise the vehicle.

16. Using a new exhaust manifold seal, connect the
exhaust pipe to the engine exhaust manifold. Tighten
the bolts-to 31 Nem (23 ft-Ibs).

17. Lower the vehicle.
18. Connect the battery negative cable.

19. Start the engine and check for leaks.
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EXHAUST SYSTEM MODIFICATIONS

Using straight-through type mufflers and steel tubing
headers on your stock vehicle doesn't mean that you will
gain horsepower. Today's car and truck exhaust systems are
specifically tuned to the engines they come with. In other
words, the best all-around, dual purpose exhaust set-up is
the stock set-up that came with your vehicle. OK, you
might gain 5 extra horsepower by using a header and a
straight-through type muffler, but the noise level, the
disturbance in engine back pressure (via the exhaust
system) and the high cost of these performance parts do not
justify making these modifications. However, if the vehicle
is to be raced and the modifications to that vehicle include
a high performance camshaft and valve train set-up, then a
header and straight-through type muffler can be very
beneficial, and the cost justified.

Note: All exhaust systems should be checked for leaks. A
leak in the exhaust system is unsafe and will cause you to
lose power.

Headers

Steel tubing headers are a very popular exhaust system
modification. When shopping for headers, the most
important thing to remember is to match the headers to both
the engine AND the vehicle. This will save you a lot of time
when installing the headers.

Mopar Performance Parts Exhaust Headers

Bolt on a set of our Mopar Performance Parts headers and
feel the power. Manufactured from heavy 14 gauge tubing
with 3/8" thick flanges, mandrel bent, and triple nickel-
chrome finish makes these headers the most durable on
the market. Each header is engineered to achieve
minimum back pressure and maximum flow, resulting in
increased horsepower and torque. Headers carry a lifetime
warranty and are emissions exempt. Kits include all
necessary installation hardware. For 4,0L engines only.
(Vehicle application as listed.)

P5249972 Wrangler, 1995.

P4876260 Wrangler, 1997-98.

P4529530 Wrangler (all), stainless steel.

P48769 18 Cherokee, 1986-91.

P5249971 Cherokee and Grand Cherokee, 1996-98.

Exhaust Collector and Feeder Gaskets

These exhaust collector and feeder gaskets are made
from special extra high temperature material for added
strength and durability. For use with Mopar Performance
Parts headers.

P4876351 Exhaust collector gasket, 2-1/2", 3-bolt.
P4876352 Exhaust collector gasket, 3", 3-bolt.
P4876353 EGR feeder gasket

(1995 and prior models).
Mufflers

Cat-Back Performance Exhaust

Our Mopar Performance Parts cat-back exhaust systems
are specifically engineered to fit your vehicle —no
modifications are required. These kits simply bolt into the
OE hangers and brackets. Features include heavy wall, 16
gauge aluminized tubing with true mandrel bends
allowing for maximum flow and minimum back pressure.
A low restriction, aluminized case, flow-through muffler
with a 3" core produces a deep mellow exhaust tone. No
fiberglass packing to burn out. Kits include all necessary
installation hardware. For 4,0L engines only.

P5249739 Cat-Back performance exhaust,

1993-95 Wrangler.

P4876277 Cat-Back performance exhaust,
1997-98 Wrangler.

P4876359 Cat-Back performance exhaust,
1986-96 Cherokee.

P4876089 Cat-Back performance exhaust,
1997-98 Cherokee.

P4876627 Cat-Back performance exhaust,

1993-98 Grand Cherokee.

Note: For maximum performance, this system should be
used in conjunction with Mopar Performance headers.
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Ignition System

INTRODUCTION

Note: Some newer 4.0L Power Tech engines (model
specific—check your service manual) use a distributor-less
ignition system. For information on this system, refer to
Distributorless Ignition System, later in this section.

For any type of racing, a good electronic ignition system is
amust. The Mopar Performance Parts Chrome Box Ignition
Control Module (P4120534) is perfect for those of you
racing low to moderately high performance engines. For
extreme high performance, the Super Gold ICM
(P4120600) is the preferred choice.

The area of ignition systems and components has been
changing rapidly in the last few years. Further development
is expected to continue well into the future, providing Jeep
racers with the best high performance ignition systems
available for their race vehicles.

Older ignition systems, such as point-type, will not be
covered because we no longer produce or recommend these
pieces for high performance race vehicles. We will try to
cover all the new electrical modifications, systems and
hardware that have been developed recently for race
vehicle use.

Ignition Energy

The purpose of the ignition system on an internal combustion
engine is to start the combustion of the fuel/air mixture. It
must ignite a flame that will be self-sustaining and it must
ignite it at the proper time so that combustion will be
completed at the proper time for best engine efficiency.

One way of comparing ignition systems is by the amount of
energy that they can deliver to the spark plug. There are
several different types of energy “curves.” The two most
important characteristics are peak energy and duration
(time).Capacitive-discharge systems tend to have very high
peak energy but very short duration. Multi-fire systems
have long durations and fire the plug several times per
revolution.  Chrysler-Plymouth-Dodge-Jeep ignition
systems, such as the Super Gold ICM (P4120600), feature
high peak energy, long duration, and one of the highest total
energies (area under the curve) delivered to the plug
because they don’t go to zero during their duration in an
effort to fire the plug more than once. Race engines need
high total energy systems to deliver maximum power,
especially at high rpm.

Variations in fuel composition, air-to-fuel ratio,
distribution, internal turbulence in the cylinder, and
combustion chamber shape are a few of the factors that can
make the combustion process less than ideal. They all have
the common characteristic that poor fuel burning may
result. The factors mentioned produce effects that, although

they can’t be corrected by a more powerful ignition system,
may be overcome by one. In other words, an ignition
system will not change these factors (air/fuel ratio,
turbulence, etc.), but the proper system can cause ignition
of the mixture in spite of their presence. A production
system is called on to do this to some extent; however, as
more severe requirements are placed on the engine, the
production system will quickly reach its limit.

A general rule of thumb is that at least 30 millijoules of
energy are required to ignite the typical mixture. Most
systems exceed this amount (even production systems) in
the lower rpm ranges. However, this is for a typical
condition. As more performance and higher speeds are
demanded of an engine, these conditions are no longer true.
There are many indications that a stronger spark is needed.
Many replacement systems are available that try to answer
some of these requirements.

With some of the less than ideal mixture conditions
mentioned, there will be times when the mixture is not
ignitable no matter how much energy is pumped into the
spark plug. Multiple Spark Discharge is the answer to the
problem. It not only produces a very strong first spark, but
it also repeats this spark. This is important because if the
lack of ignition is caused by such things as turbulence or
non-uniform distribution of the mixture in the cylinder, then
eventually an ignitable mixture will be available in the
region of the plug. One of the MSD repetitive sparks will
ignite the mixture.

ELECTRONIC IGNITION SYSTEM

The 4.0L engine is a multi-point fuel injected engine. The
electronic ignition system used consists of the following
components:

® A solid-state Ignition Control Module (ICM) to
generate the voltage for spark plug firing

e  An Powertrain Control Module (PCM) to process input
information to fire the ICM

e An engine speed sensor with flywheel trigger to input
crankshaft position for the PCM

e A synchronization pulse (stator) for firing order input
to the PCM

Note: Ignition timing (advance/retard) is controlled by the
PCM and is not adjustable.
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Powertrain Control Module (PCM)

The 4.0L engine ignition system is controlled by the
engine’s Powertrain Control Module (PCM). The PCM is a
digital microprocessor (computer). Air-fuel mixture
calibrations for various driving and atmospheric conditions
are pre-programmed into the PCM. The PCM monitors and
analyzes its various inputs, computes engine fuel and
ignition timing requirements based on these inputs, and
controls fuel delivery and ignition timing accordingly. As
operating conditions change, the PCM adjusts injector
pulse width and ignition timing for optimum performance
and fuel economy.

Jeep High Performance Computer

Mopar Performance Parts computer provides more spark
advance and increased fuel flow for off road racing
applications. This computer will enhance other performance
modifications. For 1987-90, 4.0L engines only.

P4529334 Jeep high performance computer.

Ignition Control Module (ICM)

The Ignition Control Module (TCM) is mounted to the
ignition coil. Based on control system inputs, the PCM
triggers the ignition coil via the ICM. The PCM is able to
advance or retard ignition timing by controlling the ignition
coil through the ICM.

The ICM consists of a solid-state ignition circuit and an
integrated ignition coil that can be removed and serviced
separately if necessary.

The PCM provides an input signal to the ICM. The ICM
has only two outputs:

1. Tachometer signal to the tachometer and diagnostic
connector

2. High voltage from the ignition coil to the distributor
cap

Ignition Coil

The ignition coil does not require special service other than
maintaining the terminals and connectors.

When an ignition coil is suspected of malfunctioning, test it
on the vehicle. A coil may “break down” after the engine has
heated it to a high temperature. It is important that the coil
be at operating temperature when tested. Perform the test
according to the test equipment manufacturer’s instructions.

Distributor

The 4.0L engine distributor does not have built-in
centrifugal or vacuum assisted advances. Ignition timing
advance is controlled by the Powertrain Control Module
(PCM). The distributor is locked in place by an ear on the
distributor housing that a hold down bolt passes through
when the distributor is installed.

For those of you who are contemplating an ignition system
modification for racing, we will briefly discuss distributors
in more detail.

There are two different electronic distributors, one for
vacuum advance models and one for mechanical tach drive
models. The vacuum advance model has a vacuum control
unit on the side. Interior parts (such as the reluctor) are not
interchangeable between the two distributors.

Referring to the two types of distributors as being
“mechanical” or “vacuum” is somewhat of a misnomer
since the two distributors function basically the same. The
mechanical distributor refers to the mechanical tach drive
take-off that this distributor features. It has no vacuum
advance unit. The mech-tach units are commonly referred
to as “race” units. They also feature a more accurate
regulator and a faster advance curve (full advance by 1,200
rpm). The vacuum advance distributor has the vacuum
advance unit and must be used with an electrical tach
(because it does not have the mech-tach drive feature).
Vacuum advance units are less expensive and are designed
for dual purpose applications. The advance curve offers
more flexibility than the “race” unit, not being fully
advanced until 2,000 rpm.

The advance curve in the distributor is important to both
performance and economy. There are two advance springs,
one light and one heavy, in production units to reach this
curve. Some high performance vacuum advance models have
only the light spring in the distributor and the advance curve
is reshaped to give more advance at lower engine speed.

As a general rule, a multi-purpose high performance machine
should have a fast advance curve. This means full centrifugal
advance by 2,000 rpm of engine speed. For a full-race drag
car such as a Pro Stock, a faster curve can be used.

Note: At this time, Mopar Performance Parts does not
offer a vacuum advance distributor for the 4.0L engine.
Since the mechanical distributor (stock on the 4.0L) is the
preferred racing piece, we recommend not modifying the
system to a vacuum advance system, but rather that
emphasis be placed on obtaining a higher performance
Powertrain Control Module (PCM) or Ignition Control
Module (ICM).
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Electronic Ignition Distributor

This replacement electronic ignition distributor comes
complete with cap and rotor. For 1987-90, 4.0L engines
with MPI only.

P4529683 Electronic ignition distributor.

[.  Distributor Cup

Remove the distributor cap and wipe it clean with a
dry, lint free cloth. Visually inspect the cap for cracks,
carbon paths, broken towers, white deposits on the
inside (caused by condensation entering the cap
through cracks), or damaged rotor button. Replace any
cap that displays charred or eroded terminals. The
machined surface of a terminal end (faces toward
rotor) will indicate some evidence of erosion from
normal operation. Examine the terminal ends for
evidence of mechanical interference with the rotor tip.

If replacement of the distributor cap is necessary,
transfer spark plug wires from the original cap to the
new cap one at a time. Ensure that each wire is
installed into the tower of the new cap that corresponds
to its tower position in the original cap. Fully seat the
wires into the towers.

2. Distributor Rotor

Visually inspect the rotor for cracks, evidence of
corrosion and the effects of arcing on the metal tip, and
evidence of mechanical interference with the cap.
Some charring is normal on the end of the metal tip.
The silicone dielectric compound applied to the rotor
tip for radio interference noise suppression will appear
charred. This is normal. (DO NOT remove the charred
compound.) Test the spring for insufficient tension.
Replace a rotor that displays any of these adverse
conditions. Coat the tip of a replacement rotor with
Mopar Performance Parts Silicone Dielectric
Compound or equivalent.

Distributor Cap and Rotor Set
Replacement cap and rotor set. For 4.0L engine only.

P4529686 Distributor cap and rotor set.

Mopar Performance Parts Electronic Ignition
Components

High Performance Electronic Control Units

For a hotter spark and more rpm capability, use one of Mopar
Performance Parts' high performance ECUs. For general
high performance and usage up through 6,000 rpm, use the
Orange Box ECU. For higher rpm output requirements up
through 8,000, select the Chrome Box ECU.

P4120505 Orange Box ECU.

P4120534 Chrome Box ECU.

Super Gold Electronic Control Unit

The Super Gold Electronic Control Unit is the culmination
of eight years of high performance ignition systems
development. Designed to out perform any ignition unit
previously offered to Mopar racers, it will handle the high
current demand by the P3690560 (Accel) high
performance coil, while keeping dwell variation to less
than 1" from 1,000to 10,000rpm. Dwell is set for
maximum spark output at low and high engine speeds.
The Super Gold ECU provides outstanding performance
from idle to 12,000rpm.

P4120600 Super Gold ECU —race only.

Ballast Resistor—Electronic Distributor

P2444641 Use with mechanical advance distributor

using P3690560 coil. 1/4 Ohm.

P5206436 Use with electronic ignition systems
using P4120505 Orange Box ECU and
production coil, or with P4120889 coil.

1 Ohm.

|§nition coils

P4120889 Accel Super Coil for all 12-volt
applications. Not recommended for
engine speeds over 6,500 rpm. (Use with
ballast resistor P5206436.)

P3690560 Accel Race Coil specifically designed to

be used with race electronic ignition
kits. Designed for racing applications
only. Not recommended for continued
operation at speeds below 3,000 rpm for
more than 30 minute periods. (Use with
ballast resistor P2444641.)

Control Wirihg Harness Kit for Electronic
Ignitions

Kit used to convert to a new electronic ignition system.

P3690152 Control wiring harness kit for electronic

ignitions.
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Chrome Ignition Coil Bracket

Another underhood piece to dress-up your engine
compartment. Includes special clamp screw.

P4286728 Chrome ignition coil bracket.

Tach Adapter

Designed for applications when high capacitive discharge
coils interfere with tachometer or fuel injection signals.
This device provides a clear 12 volt square wave signal
output with a 30% duty cycle.

P4876738 Tach adapter.

DISTRIBUTORLESS IGNITION SYSTEM

Some newer 4.0L Power Tech engines use what is referred
to as a distributorless ignition system (model year
specific—check your service manual). This system is
comprised of a one-piece coil rail containing three
independent coils.

Although cylinder firing order is the same as 4.0L engines
of previous years, spark plug firing is not. The 3 coils dual
fire the spark plugs on cylinders 1-6,2-5 and/or 3-4. When
one cylinder is being fired (on compression stroke), the
spark to the opposite cylinder is being wasted (on exhaust
stroke). The one-piece coil bolts directly to the cylinder
head. Rubber boots seal the secondary terminal ends of the
coils to the top of all 6 spark plugs. One electrical connector
(located at the rear end of the coil rail) is used for all three
coils. Because of coil design, spark plug cables (secondary
cables) are not used. A distributor is also not used.

The ignition system consists of

e  Spark Plugs

e Ignition Coil(s)

e Powertrain Control Module (PCM)
e  Crankshaft Position Sensor

e Camshaft Position Sensor

e The MAP, TPS, IAC and ECT also have an effect on
the control of the ignition system.

Powertrain Control Module (PCM)

The ignition system is controlled by the Powertrain Control
Module (PCM).

The PCM opens and closes the ignition coil ground circuit
to operate the ignition coil(s). This is done to adjust ignition
timing, both initial (base) and advance, and for changing
engine operating conditions.

The amount of electronic spark advance provided by the
PCM is determined by five input factors: engine coolant
temperature, engine rpm, intake manifold temperature,
manifold absolute pressure and throttle position.

Ignition Coil

A one-piece coil rail assembly containing the individual
coils is used on the 4.0L engine (Figure 4-50). The coil rail
must be replaced as one assembly. The bottom of the coil is
equipped with 6 individual rubber boots (Figure 4-50) to
seal the 6 spark plugs the coil. Inside each rubber boot is a
spring. The spring is used for a mechanical contact between
coil and the top of the spark plug. These rubber boots and
springs are a permanent part of the coil and not serviced
separately. One electrical connector (located at the rear of
the coil) is used for all three coils (Figure 4-51).

Although cylinder firing order is the same as Jeep engines
of previous years, spark plug firing is not. The 3 coils dual-
fire the spark plugs on cylinders 1-6,2-5 and/or 3-4 (Figure
4-49). When one cylinder is being fired (on compression
stroke), the spark to the opposite cylinder is being wasted
(on exhaust stroke).

Battery voltage is supplied to the three coils from the ASD
relay. The Powertrain Control Module (PCM) opens and
closes the ignition ground circuit for ignition coil operation.

Base ignition timing is not adjustable. By controlling the
coil ground circuit, the PCM is able to set the base timing
and adjust the ignition timing advance. This is done to meet
changing engine operating conditions.

The ignition coil is not oil filled. The windings are
embedded in an epoxy compound. This provides heat and
vibration resistance that allows the ignition coil to be
mounted on the engine.

Because of coil design, spark plug cables (secondary cables)
are not used. The cables are integral within the coil rail.

[oYoYolololo

FIRING ORDER
1-5-3-6-2-4

COILS PAIRED:
CYLINDERS 1-6
CYLINDERS 2-5
CYLINDERS 3-4

80b6f045

Figure 4 - 49
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Figure 4 - 51
Automatic Shutdown (ASD) Relay

The Automatic Shutdown (ASD) relay is located in the
Power Distribution Center (PDC). Refer to label on PDC
cover for relay location.

As one of its functions, the ASD relay will supply battery
voltage to the ignition coil(s). The ground circuit to operate
the ASD relay is controlled by the Powertrain Control
Module (PCM). The PCM regulates ASD relay operation
by switching its ground circuit on and off.

Crankshaft Position Sensor

Engine speed and crankshaft position are provided through
the crankshaft position sensor. The sensor is a hall effect
device combined with an internal magnet. The sensor
generates pulses that are sent to the Powertrain Control
Module (PCM). The PCM interprets the sensor input to
determine the crankshaft position. The PCM then uses this
position, along with other inputs, to determine injector
sequence and ignition timing.

The engine will not operate if the PCM does not receive a
crankshaft position sensor input.

Camshaft Position Sensor

The camshaft position sensor contains a hall effect device
called a sync signal generator to generate a fuel sync signal.
This sync signal generator detects a rotating pulse ring
(shutter) on the oil pump drive shaft. The pulse ring rotates
180 degrees through the sync signal generator. Its signal is
used in conjunction with the crankshaft position sensor to
differentiate between fuel injection and spark events. It is
also used to synchronize the fuel injectors with their
respective cylinders.

SPARK PLUGS

Spark plugs tend to be taken for granted. Once installed in
the engine, they all look the same. Plugs are sold by
everyone, not just auto parts stores and dealers, and
therefore are readily available. We assume that anything
that fits, works. We extend this assumption to include that,
if it fits and works, then that’s all the plug can do. In a stock
engine used for “stock” purposes this may be true. In a
performance engine, it’s a long way from the truth and can
lead directly to problems. It’s obvious in a race engine that
if the plug doesn’t do its job, we have trouble. We’ll
probably blame the ignition system first and then the
carburetor (if equipped). These can be expensive
misdirections. Before we get into these problem areas, let’s
back up and identify our plug.

Each plug has a “part number” reference or an I.D. number.
The basis of this numbering system is the heat range of the
plug. Unfortunately, all manufacturers don’t use the same
numbering system for their various heat ranges. This makes
it difficult to understand. However, Chrysler-Plymouth-
Dodge-Jeep has used mostly Champion plugs and
Champion is our current production source. All of our tech
books base their recommendations on Champion plugs. All
the other manufacturers compare their heat range to
Champion’s. With the common base of heat range
information being Champion’s, we’ll concentrate on this
group for our discussion. A typical Champion plug for a
DaimlerChrysler-built engine would be an RN12YC. The
heat range is 12, but what do the letters mean? Let’s look at
them one at a time. We’ll concentrate on the letters that are
used on DaimlerChrysler applications. There are many
more “specials” which are available from Champion.

The first letter “R” stands for resistor. Most newer plugs are
“R” rated as well as all production plugs. The resistor cuts
down on radio interference. If there is no letter in this
position, then it’s a standard plug. Today, standard plugs are
only used in racing.
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The second letter, or the first one before the two digits of the
heat range, defines the “reach” of the plug. This is dictated
by the number of spark plug threads in the cylinder head.
For most engines there are only three. The “N” stands for the
“long-reach” plug (.750"), the “J” is the “short-reach’’ plug
(3/8"), and the combination prefix BL or single V stands for
a .460" reach plug. There are special plugs available from
Champion that use 10and 18 mm threads, also.

The two number digit used in the middle is the heat range
of the plug. The heat range is basically its performance
number. This is what determines whether the plug is going
to perform at its best in your application. For the moment
we’ll skip over the discussion of heat ranges and return to
it later.

The first letter to the right of the heat range defines the
“nose shape” or configuration. There are three basic
types —regular, retracted, and projected. The projected core
nose (electrode) is defined by a “Y.” All our plugs are
“Y”’s —projected nose.

On older, standard design plugs, the last position is blank.
Most of the newer plugs use a “C” which stands for “Copper
Plus Design.” This copper feature can’t be seen by casually
looking at the plug, but it allows the plug to be more
versatile. “C” plugs are able to cover more heat ranges or,
stated somewhat differently, the “C” allows the plug of a
given heat range to do its job plus the job (performance
characteristics) of a one or two step colder plug.

That brings us back to the heat range. Before we get into the
practical side of heat ranges, let’s cover the theory. There
are three basic heat range groups that are used for specific
applications. The numbers from 1 to 25 are used for
automotive applications. Numbers 26 to 50 are used for
aviation, and 51 and up are used for racing, competition,
and other special applications. Since we’re concerned with
automotive racing and performance, we only have to
concern ourselves with the first and last categories.

Basic heat ranges are quite easy to figure out—the higher
the number the hotter the plug, the lower the number the
colder the plug. For example, a J10Y plug is colder than a
J12Y. The exception to this is racing plugs. ALL racing
plugs are colder than production plugs although they have
bigger numbers. Once into the racing plug category, the
“lower the number the colder the plug” rule still holds.

Why all the fuss about heat range? In performance
applications, the heat range is key to the plug’s overall
performance. The hotter the plug’s heat range, the better it
performs at low speed. The hotter plug offers better
driveability. On the other hand, the colder plug offers better
high rpm operation. The colder plug performs better in high
output engines and at W.O.T. (wide open throttle). Cold
plugs used on the “street” (low rpm use) will foul quickly.
Hot plugs used at high rpm or high output will “miss” and
cause the engine not to put out its peak power or allow it to
reach peak rpm.

So, how do you pick the best heat range? It can be done by
trial and error. DaimlerChrysler racing books give various
recommendations as to the best performance approach.
DaimlerChrysler service and owners manuals specify
production plugs. In general, if you don’t have more
specific information available, a performance engine
should use plugs two heat ranges colder than the production
recommendation. A race engine should be one or two steps
colder than the performance plug.

Re-gapping standard spark plugs to a wide gap can be done
easily with the Accel plug gapping tool. If this tool isn’t
used, extreme care should be used when opening up a large
plug gap. The best way is to file down the center electrode.
This approach has the drawback of short plug life.
Champion makes plugs specially designed for the larger
gaps. Otherwise, use the Accel tool.
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Mopar Performance Parts Spark Plugs
NEW! These spark plugs are specifically designed for the optimum performance of your Mopar
engine. Each package contains 4 spark plugs.
Race & Tuning Application Plugs (J-Strap Type)

Pack PIN Cross Reference Application
P4876939 C 63C All except ‘B-RB’ engines
P4876940 C 61C to C 59C All except ‘B-RB’ engines
P4876941 C57ctoC55¢ All except ‘B-RB’ engines
P4876942 C53C to C51C All except ‘B-RB’ engines
P4876943 C51C All except ‘B-RB’ engines
P4876944 C 61Cto C 59C All except ‘B-RB’ engines
P4876945 C57cto C S5¢ All except ‘B-RB’ engines
Pack PN Cross Reference Application
P4876928 C61C to C 59C All Race Applications
P4876929 C57cto C55C All Race Applications
P4876930 C 53Cto C51C All Race Applications
P4876931 Cs51C All Race Applications
P4876932 S61Cto S 59C All Race Applications
P4876933 S57ctoS57c¢ All Race Applications
P4876934 S53CtoS51C All Race Applications
P4876935 S51c All Race Applications
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Spark Plug and Ignition Wire Removal

Remove the ignition wire by grasping it at the spark plug
boot, and then turn (1/2 turn) and pull it straight back in one
steady motion.

1. Prior to removing the spark plug, spray compressed air
around the spark plug hole and the area around the
spark plug.

2. Remove the spark plug using a quality socket with a
rubber or foam insert.

3. [Inspect the spark plug. (Refer to Inspection.)

Inspection

Faulty and fouled plugs may perform well at idle speed, but
at higher engine speeds they frequently fail. Faulty plugs
can be identified in a number of ways: poor fuel economy,
power loss, decrease in engine speed, hard starting and, in
general, poor engine performance. Spark plugs also
malfunction because of carbon fouling, excessive air gap,
or a broken insulator.

Examine the spark plugs for burned electrodes and fouled,
cracked or broken porcelain insulators. Keep plugs
arranged in the order in which they were removed from the
engine. An isolated plug displaying an abnormal condition
indicates that a problem exists in the corresponding
cylinder. Replace spark plugs at the intervals recommended
on the Maintenance Chart in the service manual.

Spark plugs that have low mileage may be cleaned and reused
if not otherwise defective. After cleaning, file the center
electrode flat with a small point file or jewelers file. Adjust
the gap between the electrodes to the specified dimensions.

Specifications

Note: Due to model year differences, refer to the proper
service or owners manual for spark plug type, gap, and
tightening specifications.

Gap Adjustment

Check the spark plug with a gap (feeler) gauge. If the gap
is not correct, adjust it by bending the ground electrode.
Refer to the proper service or owners manual for spark plug
gap specifications.

Installation

1. Start the spark plug into the cylinder head by hand to
avoid cross threading.

2. Tighten the spark plug to specified torque. Refer to the
proper service or owners manual for torque
specifications.

3. [Install ignition wires over spark plugs.

Always tighten spark plugs to the specified torque. Over
tightening can cause distortion resulting in a change in the
spark plug gap. Tighten all spark plugs to 35 Nem (27 ft-1bs).

When replacing the ignition wires, route the wires
correctly and secure them in the proper retainers. Failure to
route the wires properly can cause ignition noise radio
reproduction, cross ignition of the spark plugs or short-
circuit the wires to ground.

SPARK PLUG CABLES (IGNITION WIRES)

Check spark plug cable connections for good contact at the
ignition coil, distributor terminals, and spark plugs.
Terminals should be fully seated. The nipples and spark plug
covers should be in good condition. Nipples should fit
tightly. Spark plug boot should completely cover the spark
plug hole in the cylinder head cover. Install the boot until the
terminal snaps over the spark plug. A snap must be felt to
ensure the spark plug cable terminal engaged the spark plug.

Loose cable connections will corrode, increase resistance,
and permit water to enter. These conditions can cause
ignition malfunction. Plastic clips in various locations
protect the cables from damage. When cables are replaced,
the clips must be used to prevent damage to the new cables.

If you don’t have top quality ignition wires you aren’t
conducting maximum spark. Production spark plug wire is
7 mm. For dual purpose and race-only applications, we
recommend larger 7.5 mm spark plug wires. Mopar
Performance Parts high performance 7.5 mm spark plug
wires (P4286742) feature high quality insulation and boots
(ends). If more insulation is required, neoprene hose of the
proper inside diameter is recommended.

Note: Using spark plug wires larger than 7.5 mm is NOT
recommended because of potential compatibility problems
with on-board computers and electronics.

High Performance 7.5 mm Ignition Wire Set

This special high performance plug wire set features larger
wire while maintaining compatibility with on-board
computer and electronics found in current production
vehicles. Package uses high tech production-style boot
ends at both the distributor and plug end of the wire. Wire
is imprinted with the Mopar Performance Parts name. This
complete set is pre-cut and fits all 1991-97 Jeep 4.0L
engines (only).

P4286742 High performance 7.5 mm ignition

wire set.
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Accessories

Usually, once the spark plug wire is installed, pulling on the
wire to remove the boot from the plug is the most common
cause of failure. This is especially true of non-standard
production or “cheap” wires. Using the Mopar Performance
Parts spark plug wire boot puller (P5249718) will help plug
wire removal without damaging the connector. The boot
puller will probably double the wire life, making it one of
the best deals in the ignition area.

Mopar Performance Parts spark plug wires have straight
ends at the spark plug, which is the most common style.
Having been in racing for many years, we know that
straight ends are not best for all applications, especially
with headers. In an effort to solve this problem, we have
introduced vari-angle plug adapters (P4286742) which
adjust easily from straight to right angles.

Our plug wire separator package (P4007667) keeps the
wires separated from the cap to the plug. This helps
performance by preventing cross firing and makes the
engine compartment look much more organized.

Spark Plug Wire Boot Puller

Here’s the tool you need for easy removal of spark plug
wires without pulling the wire out of the terminal end and
boot. Saves on knuckles, too.

P5249718 Spark plug wire boot puller.

Vari-Angle Plug Adapters

Here’s a convenient way to steer spark plug wires around
headers, brackets, and other tight areas, in any direction
you want. Vari-angle plug adapters have a built-in swivel
device which maintains the position you bend them in. A
handy set-up for any racer. Sold two per set.

P4286742 Van-angle plug adapters.

Ignition Wire Separator Set -
Ignition wire separators. 8 pieces per set.

P4007667 Ignition wire separator set.

IGNITION SWITCH

In race wvehicles, the production ignition switch is
sometimes replaced by a toggle switch. This can cause
problems if a high-amp rated switch (such as P3690282)
isn’t used. P3690282 is an 18-20 amp rated switch, while
most readily available switches are 14-16 amp rated. The
lower rating causes more resistance in the ignition circuit,
which cuts down on the voltage available to the ignition’s
sontrol unit. The lower voltage can cause the ignition
ystem to perform poorly or develop a miss which can be
ery difficult to analyze.

Ignition Switches

P3690282 “On-Off” micro switch assembly
(20 amp).
P3690823 Push button starter switch assembly.

GENERAL IGNITION SYSTEM PERFORMANCETIPS

One of the most important items in ignition is to check the
TDC timing mark on the vibration damper to be sure that it
reads zero when the piston is at TDC.

Problems such as “pinging,” flat spots, poor idle and
misfires can be caused by a bad ignition system, but they
may also be caused by problems with the MPI system.
Problems caused by a poor fuel system or ignition system
have many similar symptoms. There is no substitute for a
good mechanic when these problems are encountered.

On any vehicle that is being converted to a race vehicle, we
strongly recommend the steering column lock be removed.
If things go wrong with the engine with the vehicle moving
and the column lock is working, the drives wouldn’t be able
to steer and could have an accident.

Grounds are very important, especially in a race vehicle.
The engine should be grounded to the body and to the
frame. The control box should be grounded to the engine.
Painted surfaces make poor grounds—sand paint or other
surface material off and ground metal-to-metal.

There are 2 special switches that are helpful in wiring a race
vehicle: “On-Off” Micro Switch Assembly (20 amp-~
P3690282); and, Push Button Starter Switch Assembly
(P3690823). The “On-Off” Micro Switch Assembly is the
most important. Other “econo” switches aren’t rated as high
on amperage and therefore put resistance between the
battery and the ignition and can cause misfiring.

A volt meter is recommended for a race vehicle so that the
battery’s power can be checked frequently. If the battery’s
voltage gets 7o be less than 12.0 volts, the ignition system
may function inadequately resulting in poor performance
and lost races. Also measure what the voltage is at the
ignition system itself.
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Starting System

INTRODUCTION

The starting system is designed to provide the vehicle
operator with a convenient, efficient and reliable means of
cranking and starting the internal combustion engine used to
power the vehicle and all of its accessory systems from within
the safe and secure confines of the passenger compartment.
The starting system consists of the following components:

e Battery

e  Starter relay

e  Starter motor (including an integral starter solenoid)
e Ignition switch

e  Park/neutral position switch

e  Wire harnesses and connections (including the battery
cables).

Operation

The starting system components form two separate circuits.
A high-amperage feed circuit that feeds the starter motor
between 150 and 350 amperes, and a low-amperage control
circuit that operates on less than 20 amperes. The high-
amperage feed circuit components include the battery,
battery cables, the contact disc portion of the starter
solenoid, and the starter motor. The low-amperage control
circuit components include the ignition switch, the
park/neutral position switch, the starter relay, the
electromagnetic windings of the starter solenoid, and the
connecting wire harness components.

Battery voltage is supplied through the low-amperage
control circuit to the coil battery terminal of the starter relay
when the ignition switch is turned to the momentary Start
position. The park/neutral position switch is installed in
series between the starter relay coil ground terminal and
ground. This normally open switch prevents the starter
relay from being energized and the starter motor from
operating unless the automatic transmission gear selector is
in the Neutral or Park positions.

When the starter relay coil is energized, the normally open
relay contacts close. The relay contacts connect the relay
common feed terminal to the relay normally open
terminal. The closed relay contacts energize the starter
solenoid coil windings.

The energized solenoid pull-in coil pulls in the solenoid
plunger. The solenoid plunger pulls the shift lever in the
starter motor. This engages the starter overrunning clutch
and pinion gear with the starter ring gear on the automatic
transmission torque converter drive plate.

As the solenoid plunger reaches the end of its travel, the
solenoid contact disc completes the high-amperage starter
feed circuit and energizes the solenoid plunger hold-in coil.
Current now flows between the solenoid battery terminal
and the starter motor, energizing the starter.

Once the engine starts, the overrunning clutch protects the
starter motor from damage by allowing the starter pinion
gear to spin faster than the pinion shaft. When the driver
releases the ignition switch to the On position, the starter
relay coil is de-energized. This causes the relay contacts to
open. When the relay contacts open, the starter solenoid
plunger hold-in coil is de-energized.

When the solenoid plunger hold-in coil is de-energized, the
solenoid plunger return spring returns the plunger to its
relaxed position. This causes the contact disc to open the
starter feed circuit, and the shift lever to disengage the
overrunning clutch and pinion gear from the starter ring gear.

Following are general descriptions of the major
components in the starting system.

STARTER MOTOR

(Refer to Figure 4-52.)

The starter motor incorporates several features to create a
reliable, efficient, compact, lightweight and powerful unit.
The electric motor of the starter features four
electromagnetic field coils wound around four pole shoes,
and four brushes contact the motor commutator. The starter
motor is rated at 1.4 kilowatts (about 1.9 horsepower)
output at 12 volts.

The starter motor is serviced only as a unit with its starter
solenoid and cannot be repaired. If either component is
faulty or damaged, the entire starter motor and starter
solenoid unit must be replaced.

Operation

The starter motor is equipped with a planetary gear
reduction (intermediate transmission) system. The
planetary gear reduction system consists of a gear that is
integral to the output end of the electric motor armature
shaft that is in continual engagement with a larger gear that
is splined to the input end of the starter pinion gear shaft.
This feature makes it possible to reduce the dimensions of
the starter. At the same time, it allows higher armature
rotational speed and delivers increased torque through the
starter pinion gear to the starter ring gear.
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Starter Motor and Solenoid

Manufacturer

Mitsubishi

Enaine Application

2.5L. 4.0L

Power Rating

2.5L = 1.2 Kilowatt (1.6 Horsepower)
4.0L - 1.4 Kilowatt (1.9 Horsepower)

Voltage 12 Volts

Number of Fields 4

Number of Poles 4

Number of Brushes 4

Drive Type Planetary Gear Reduction
Free Running Test Voltage 11.2 Volts

Free Running Test Maximum Amperage Draw 90 Amperes

Free Running Test Minimum Speed

2.5L - 2600 rpm
4.0L - 2500 rpm

| Solenoid Closing Maximum Voltage Required

7.8 Volts

*Cranking Amperage Draw Test

2.5L - 130 Amperes
4.0L - 160 Amperes

*Test at operating temperature. Cold engine, tight (new) engine, or heavy oil will increase starter amperage draw.

Figure 4 - 52

The starter motor is activated by an integral heavy duty
starter solenoid switch mounted to the overrunning clutch
housing. This electromechanical switch connects and
disconnects the feed of battery voltage to the starter motor
and actuates a shift fork that engages and disengages the
starter pinion gear with the starter ring gear.

The starter motor uses an overrunning clutch and starter
pinion gear unit to engage and drive a starter ring gear that
is integral to the torque converter drive plate mounted on
the rear crankshaft flange.

STARTER RELAY

The starter relay is an electromechanical device that
switches battery current to the pull-in coil of the starter
solenoid when the ignition switch is turned to the Start
position. The starter relay is located in the Power
Distribution Center (PDC) in the engine compartment. See
the fuse and relay layout label affixed to the inside surface
of the PDC cover for starter relay identification and
location. The starter relay cannot be repaired or adjusted
and, if faulty or damaged, it must be replaced.

BATTERY

It is very important that the battery be fully charged in
racing applications with an electronic ignition. A volt meter
should be used to check the battery voltage before the
vehicle is raced. The voltage should not be allowed to drop
below 12.0 volts. Lower voltage will cause poor ignition
performance such as misfires and will result in slowing the
vehicle down. It may also cut down on the electric fuel
pump’s efficiency.

Brass Battery Terminals

Here’s a variety of brass terminals in different styles that
offer maximum conductivity. Feature positive threaded
attachments. Designed for large gauge wire used in battery
relocation kits with features best liked and required by
racers.

P4349575 Battery terminal with left or right cable
connection - 1 gauge wire.

P4349576 Ring terminal, 3/8" eye - 1 gauge wire.

P4349577 Battery terminal with left or right cable
connection - 4 gauge wire.

P4349578 Ring terminal, 3/8" eye - 4 gauge wire.

P4349579 Quick disconnect “positive” battery
terminal with 3/8" stud.

P4349580 Quick disconnect “negative” battery

terminal with 3/8" stud.
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Battery Relocation

Most race vehicles begin life with the battery in the
engine compartment.

Mounting the battery in the trunk of a RWD race vehicle
helps by shifting weight over the drive wheels (improving
traction) and by making the engine compartment less
cluttered. But there’s more to a trunk mounted battery kit
than just putting the battery in the trunk. Physically moving
the battery is easy. The problem is that the battery must still
operate the engine’s ignition and fuel delivery systems, and
with the battery eight feet away from the ignition system
(usually a high output electronic race unit), minimizing
voltage drop is critical.

To minimize voltage drop, the Mopar Performance Parts
trunk mounted battery kit (P4349500) uses #1 gauge wire,
while the competition uses #4 gauge. The smaller the gauge
number the bigger the wire size. The bigger the wire size
the less voltage drop occurs. To provide the best electrical
conductor available, Mopar Performance Parts supplies
copper wire—the competition uses aluminum. Copper is a
better electrical conductor than aluminum. The better the
conductor, the less voltage drop occurs in the same
distance; that is, trunk to engine compartment. Hand-
crimped terminals can lead to problems such as voltage
losses, loose connections, and so on. That’s why the Mopar
Performance Parts cable has factory-installed threaded
brass terminals.

Some people feel that a full length ground cable is required.
This is acceptable, but it adds a lot of weight and isn’t
necessary. The engine is already grounded from the block
to the firewall of the body/frame (unibody). Check to be
sure. The Mopar Performance Parts package includes a
ground strap to ground the battery to the frame in the trunk
area. The Mopar Performance Parts package also includes
many convenience items such as starter to relay and
solenoid wires, terminals, firewall grommets, and battery
cover. Other kits don’t include these items. However, it
does not include a battery.

Trunk Mounted Battery Kit

This improved kit is designed for moving the battery to
the trunk. Improves weight distribution which is so
important for drag racers. It means less clutter in the
engine compartment, and helps provide better traction. It
will even contribute to improved braking and less
understeer in hard turns for oval trackers and rallyers. Kit
will fit nearly any vehicle. Does not include battery.

P4349500 Trunk mounted battery kit.
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Engine Assembly

In this section we will review the entire engine building
procedure. This includes detailed blueprinting techniques,
as well as all start-up, tune-up and troubleshooting
procedures necessary.

INSPECTION AND TESTING

Cylinder Compression Pressure Test

The results of a cylinder compression pressure test can be
utilized to diagnose several engine malfunctions.

Ensure the battery is completely charged and the engine
starter motor is in good operating condition. Otherwise the
indicated compression pressures may not be valid for
diagnosis purposes.

1. Disconnect ignition coil tower electrical connectors
and remove ignition coil towers.

Remove spark plugs.
Clean spark plug recesses with compressed air.

Secure the throttle in the wide-open position.

o kD

Disable the fuel system. (Refer to the proper service
manual for correct procedure.)

6. Insert a compression pressure gauge and rotate the
engine with the engine starter motor for three
revolutions.

7. Record the compression pressure on the 3rd revolution.
Continue the test for the remaining cylinders.

Refer to 4.0L Engine Specifications, later in this section, for

the correct engine compression pressures.
}

Cylinder Head Gasket Failure Diagnosis

A leaking engine cylinder head gasket usually results in
loss of power andlor coolant and engine misfiring.

An engine cylinder head gasket leak can be located between
adjacent cylinders or between a cylinder and the adjacent
water jacket.

e An engine cylinder head gasket leaking between
adjacent cylinders is indicated by a loss of power
and/or engine misfire.

® An engine cylinder head gasket leaking between a
cylinder and an adjacent water jacket is indicated by
coolant foaming or overheating and loss of coolant.

Cylinder-to-Cylinder Leakage Test

To determine if an engine cylinder head gasket is leaking
between adjacent cylinders, follow the procedure outlined in
Cylinder Compression Pressure Test. An engine cylinder
head gasket leaking between adjacent cylinders will result in
approximately a 50-70% reduction in compression pressure.

Cylinder-to-Water Jacket Leakage Test

Warning! Use extreme caution when the engine is
operating. DO NOT stand in a direct line with the fan. DO
NOT put your hands near the pulleys, belts or the fan. DO
NOT wear loose clothing.

Remove the radiator cap. Start the engine and allow it to
warm up until the engine thermostat opens.

If a large combustionkompression pressure leak exists,
bubbles will be visible in the coolant. If bubbles are not
visible, install a radiator pressure tester and pressurize the
coolant system. If a cylinder is leaking combustion pressure
into the water jacket, the tester pointer will pulsate with
every combustion stroke of the cylinder.

Cylinder Combustion Pressure Leakage Test

The combustion pressure leakage test provides an accurate
means for determining engine condition. Testing will detect
exhaust and intake valve leaks (improper seating), leaks
between adjacent cylinders or into water jacket, as well as
any causes for combustionkompression pressure loss.

1. Check the coolant level and fill as required. DO NOT
install the radiator cap.

2. Start and operate the engine until it attains normal
operating temperature, then turn the engine OFF.

3. Disconnect ignition coil tower electrical connectors.
4. Remove ignition coil towers.

5. Kemove spark plugs.
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6. Remove the oil filler cap.
7. Remove the air cleaner.

8. Calibrate the tester according to the manufacturer’s
instructions. The shop air source for testing should
maintain 483 kPa (70 psi) minimum, 1,379kPa (200
psi) maximum (552 kPa [80 psi] recommended).

9. Perform the test procedures on each cylinder according
to the tester manufacturer’s instructions. While testing,
listen for pressurized air escaping through the throttle
body, tailpipe and oil filler cap opening. Check for
bubbles in the radiator coolant.

All gauge pressure indications should be equal, with no
more than 25% leakage.

Example: At 552 kPa (80 psi) input pressure, a minimum
of 414 kPa (60 psi) should be maintained in the cylinder.

Refer to the Cylinder Combustion Pressure Leakage Test
Diagnosis Chart.

Oil Leak Inspection

Begin with a thorough visual inspection of the engine,
particularly at the area of the suspected leak. If an oil leak
source is not readily identifiable, the following steps should
be followed:

1. DO NOT clean or degrease the engine at this time
because some solvents may cause rubber to swell,
temporarily stopping the leak.

2. Add an oil soluble dye (use as recommended by
manufacturer). Start the engine and let idle for
approximately 15 minutes. Check the oil dipstick to
make sure the dye is thoroughly mixed as indicated
with a bright yellow color under a black light.

3. Using a black light, inspect the entire engine for
fluorescent dye, particularly at the suspected area of oil
leak. If the oil leak is found and identified, repair per
service manual instructions.

4. If dye is not observed, drive the vehicle at various
speeds for approximately 24 km (15 miles), and
repeat inspection.

5. If the oil leak source is not positively identified at this
time, proceed with the Air Leak Detection Test Method.

CYLINDER COMBUSTION PRESSURE LEAKAGE DIAGNOSIS CHART

CONDITION

POSSIBLE CAUSE

CORRECTION

AR ESCAPES THROUGH
THROTTLE BODY

Intake valve bent,,burnt, or not
seated properly

Inspect valve and valve seat.
Reface or replace, as necessary

AR ESCAPES THROUGH
TAILPIPE

Exhaust valve bent, burnt, or not
seated properly

Inspect valve and valve seat.
Reface or replace, as necessary

AIR ESCAPES THROUGH
RADIATOR

Head gasket leaking or cracked
cylinder head or block

Remove cylinder head and inspect.
Replace defective part

MORE THAN 50% LEAKAGE
FROMADJACENT CYLINDERS

H e ad gasket leaking or crack in
cylinder head or block between
adjacent cylinders

Remove cylinder head and inspect.
Replace gasket, head, or block as
necessary

MORE THAN 25% LEAKAGE AND
IAIR ESCAPES THROUGH OIL
FILLER CAP OPENING ONLY

Stuck or broken piston rings;
cracked piston; worn rings and/or
cylinder wall

Inspect for broken rings or piston.
Measure ring gap and cylinder
diameter, taper and out-of-round.
Replace defective part as necessary
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Air Leak Detection Test Method

1. Disconnect the breather cap to air cleaner hose at the
breather cap end. Cap or plug breather cap nipple.

2. Remove the PCV valve from the cylinder head cover.
Cap or plug the PCV valve grommet.

3. Attach an air hose with pressure gauge and regulator to
the dipstick tube.

Caution: DO NOT subject the engine assembly to more
than 20.6 kPa (3 psi) of test pressure.

4. Gradually apply air pressure from 1 psi to 2.5 psi
maximum while applying soapy water at the suspected
source. Adjust the regulator to the suitable test pressure
that provide the best bubbles which will pinpoint the
leak source. If the oil leak is detected and identified,
repair per service manual procedures.

5. If the leakage occurs at the rear oil seal area, refer to
Inspectionfor Rear Seal Area Leaks.

6. If no leaks are detected, turn off the air supply and
remove the air hose and all plugs and caps. Install the
PCV valve and breather cap hose.

7. Clean the oil off the suspect oil leak area using a
suitable solvent. Drive the vehicle at various speeds
approximately 24 km (15 miles). Inspect the engine for
signs of an oil leak by using a black light.

Inspection for Rear Seal Area Leaks

Since it is sometimes difficult to determine the source of an
oil leak in the rear seal area of the engine, a more involved
inspection is necessary. The following steps should be
followed to help pinpoint the source of the leak.

If the leakage occurs at the crankshaft rear oil seal area:
1. Disconnect the battery.
2. Raise the vehicle.

3. Remove the torque converter or clutch housing cover
and inspect the rear of the block for evidence of oil.
Use a black light to check for the oil leak:

a. Circular spray pattern generally indicates seal
leakage or crankshaft damage.

b. Where leakage tends to run straight down,
possible causes are a porous block, camshaft
position sensor seal, camshaft bore cup plugs, oil
galley pipe plugs, oil filter runoff, and main
bearing cap-to-cylinder block mating surfaces.

4. If no leaks are detected, pressurize the crankcase as
outlined Air Leak Detection Test Method.

Caution: DO NOT exceed 20.6 kPa (3 psi).

5. If the leak is not detected, very slowly turn the
crankshaft and watch for leakage. If a leak is detected
between the crankshaft and seal while slowly turning
the crankshaft, it is possible the crankshaft seal surface
is damaged. The seal area on the crankshaft could have
minor nicks or scratches that can be polished out with
emery cloth.

Caution: Use extreme caution when crankshaft polishing
is necessary to remove minor nicks and scratches. The
crankshaft seal flange is especially machined to
complement the function of the rear oil seal.

6. For bubbles that remain steady with shaft rotation, no
further inspection can be done until disassembled.

BUILDING A NEW ENGINE

Sooner or later you’ll build a new engine for your race
vehicle. Mopar engines typically last a long time, even in
racing. Our Mopar Performance Parts racers will use the
same engines for two or three years. The GM racers always
have two or three at any one time and build or rebuild them
all at least once during the race season. We all know why
they need so many! However, the point is that some day
you’ll build a new engine. We’ll assume that you want a
basic engine, nothing fancy. In the early steps you’ll need to
check over the basic parts —block, head, crankshaft. You’ll
need to gather your technical information —service
manuals, parts catalogs, and racing books —and then lay out
a plan for horsepower level and determine which parts you
must use. (This book will help answer these questions.) No
matter which parts you use, the engine must be prepped and
built. This is where racers tend to make errors —in the form
of spending money on the wrong things.

On your engine build-up plan, list all the basic building
blocks (big parts) of your engine: block, crankshaft, head,
etc. Under each item list the major operations that have to
be clone to that piece. (For example, the block has to be
bored, honed, milled.) Then, on a separate piece of paper,
make two columns: operations that you can do and
operations that must be sent out. Next to each item on the
“sertd out” list, put down an estimated cost. Then add up all
the costs and compare the total to your basic budget.

The “send out” column generally consists of machining,
milling, boring, etc. The most important of these is block
honing. You must have a dial-bore gauge to hone. You also
must have a honing plate for your engine. So, when you
send your block out to be honed, pick a shop that has a
honing plate for your engine or supply the honing plate with
the block.

The crankshaft can be polished at home, using extra care. If
it’s used and is scratched up and needs to be ground
undersize, it will have to be sent out.
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On the cylinder head, the valve work is the most important
aspect and is usually sent out. The special equipment that is
required to do valve jobs is not usually found in the home
shop. This is an area where the extra money spent will
result in more Performance. Like the block, the head will be
sent out for milling. If new guides or seats are required in
the head, these operations should also be sent out to a
qualified shop. (Not all valve grinders do guides.) Lapping
the valves can be done at home but, a word of caution—if
too coarse a lapping compound is used, you’ll destroy a
good valve job. It’s best left to the head/valve expert.

Once the machine operations are performed, assembly of the
engine can be done at home. Certain basic tools are required.
Take your time and be extra careful. Never hurry or try to
build an engine quickly. Leave that to the professionals.

What Parts to Use

The most commonly asked question in the engine
performance business is, “What parts should [ use?”
Typically, the question is asked in the following manner:
“I’ve got a 4.0L. Power Tech engine—what parts do you
recommend?” Obviously, there is more than one answer. In
reality, the answers are almost infinite. The parts in
question are the induction system, exhaust manifolds,
camshaft, and ignition system. The easiest way to answer
this general question is to refer to earlier sections of this
chapter.

To develop a list of general engine parts recommendations,
the important questions to answer are as follows:

e What type of fuel is going to be used?

o  What’s the engine’s compression ratio?

e  What type of transmission is to be used?
o What type of induction system is desired?
e Do you want to use headers?

The answer to the fuel question (typically gasoline) will
dictate the maximum compression ratio that can be used and
is the most important of the five questions. It will determine
which piston can be used and how the heads and block can
be modified, if at all. The transmission type (manual or
automatic) will affect both the carburetor and the camshaft.
Remember that automatic transmission pieces will work
with a manual, but manual transmission pieces won’t work
with an automatic without other changes. The induction
system can be fuel injection or carburetion. If carburetion is
selected, an intake manifold that will work with the
carburetor must be selected. Most performance applications
will use exhaust headers. The ignition system should always
be a high performance electronic. In general terms that gives
you the “what parts to use” answer, except for the camshaft,
which is covered in its own section of this chapter.

Engine Torque vs. Horsepower

Torque and horsepower relative to performance engines are
not the same thing, but they are very closely related. The
actual equation is as follows:

Bhp =T x P
Bhp =  brake horsepower
T = torque in lbs-ft
rpm =  engine speed in revolutions per minute
k =  constant

In racers language, horsepower refers to the high rpm scale
and torque refers to the low rprn scale. Usually, the dividing
line for mild performance engines is 3,000 to 3,500 rpm.

Unfortunately, in practice, parts that help horsepower
generally hurt torque and vice-versa. This is true when only
one engine part is changed, keeping the rest of the engine
the same. Racing engines with drastically modified rprn
scales are much too complicated to analyze in this manner.
However, it can be useful for dual purpose machines.

Let’s choose a specific example—camshafts. Here the rule
is: the bigger the camshaft, the more horsepower it makes.
However, this can also be stated as: the bigger the camshaft,
the less torque it makes. The question you should ask
yourself is, “Does my engine need more torque or more
horsepower?” You can answer this question easily by
deciding whether you want to improve your performance
above 3,500 rpm or below 3,500 rpm. Keep in mind that an
improvement in one area comes at the expense of another;
that is, more torque, less horsepower (and vice versa). These
simple guidelines can be very helpful in making many parts
selections, but remember that you must have a
baseline —some standard you want to compare against. (The
most common baseline is some version of a stock engine.)
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Before You Start

When an engine building project is in its early stages, there
are several basic decisions that must be made or at least
considered early on. The most important of these decisions
is whether the engine is going to be built from the ground
up, so-to-speak, or will itjust have pieces bolted-on; that is,
swapped. A camshaft change or intake manifold swap
obviously doesn’trequire a complete engine rebuild. We do
suggest strongly that even the racer who is just in the bolt-
on stage read this book completely, without skipping the
engine building information, so that he is sure to have all
the facts and information required for a more complete
understanding of his modification.

The next consideration is how the engine is going to be
used; that is, drag racing, off-road racing, or dual purpose?
Special aspects of each type are covered in Chapter 8, Off-
Roading and Racing.

Please keep in mind that a good engine in one area of racing
has many things in common with good engines from other
areas of racing. They are not completely different. Some
specific parts may change, but the technique of good engine
building will be the same.

Other areas to which thought and planning should be
devoted are the overall budget that is available, the amount
of time that you can devote to the project, and the manpower
that you have at your disposal. Plan to match your basic
components such as axle ratio, transmission, and overall
vehicle weight to your engine package, or vice versa.

Reference Material

One of the most important items to have before you start is a
service manual for your particular engine. A current Mopar
Performance Parts Catalog is also strongly recommended. A
notebook in which you can write all your measurements, part
numbers, plans, etc., is also recommended.

Equipment

Having the proper engine building equipment is as
important as what you plan to do to the engine. Once the
reference material has been obtained and read, the rest of
the equipment consists of tools such as an engine stand, dial
indicator and base, degree wheel (P4452990), valve spring
compressor, steel scale, cc’ing equipment and burette, dial-
bore gauge, torque wrench, quality hone, basic sockets and
wrenches, snap gauges, micrometers, and Plastigauge
(P4286819).

A dial-bore gauge is a very useful tool in precision engine
building. If you are going to hone the engine yourself, then
a dial-bore gauge is an absolute necessity. If you don’t have
one, the block should be honed at a reputable machine shop,
or by a professional engine builder. It is very important that
the bores be straight (without taper) and round.

It is also recommended that you or your selected machine
shop have a honing plate. It is one of the most important
tools you can use. (For more information, refer to ‘Block’
section of this chapter.)

Plastigauge

When reassembling your engine you’ll need a variety of
Plastigauge to measure bearing clearances. This popular
assortment includes one blue strip for .004" - .009"
tolerances, two red strips for .002" - .006" tolerances, and

two green strips for .001" - .003" tolerances. Each strip is
12”long.
P42868 19 Plastigauge assortment.

Degree Wheel

Durable Mopar Performance Parts aluminum plate 0°-
180°-0° degree wheel for centerlining camshafts. Features
step-by-step installation instructions printed on back side.

P4452990 Degree wheel.

Records

One of the most important items in engine building is the
keeping of accurate records of how each engine was built.
All clearances such as bearings, ring gaps, etc., and all the
other measurements such as head cc’s, 1/2" down fill
volume, etc., should be carefully written down. All
machining operations such as head milling, piston notches,
etc., as well as all items, part numbers, or special parts used
should be recorded. No item should be omitted. These
records will help in building future engines and also in
solving engine failure problems (as well as preventing them
in future engines).

ENGINE BLUEPRINTING

To obtain maximum performance and durability for a
production engine, it is necessary to first “blueprint” the
engine to provide a solid foundation for subsequent
modifications. “Blueprinting” is the term used to describe
the process wherein every part of the engine is checked for
conformity to its specified dimensions. If it is a moving part,
it will also have a specified working clearance which must
be checked. This is necessary because all dimensions and
working clearances have a plus and minus tolerance which
allows them to function properly even though the figure may
not be quite exact. These tolerances are what make the
almost fully automated modern production line possible,
allowing for the huge volumes that are produced today.

a - 7
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This production line system is more than adequate for stock
passenger vehicle engines. However, an engine that will be
used for performance work requires more precision.
Blueprinting provides this precision by ensuring that all
dimensions, working clearances, and settings are brought to
the point where they produce the best results, both from
performance and reliability standpoints. The worth of this
procedure has been proven many times on the
dynamometer and the race track, with fully blueprinted
engines always producing more horsepower than their
production line counterparts.

It is now time to make the final decisions on your basic
engine racing plan. A lot of consideration should be given
to the camshaft, carburetion system, and actual
compression ratio that are going to be used in the engine.
These three decisions will greatly influence many aspects
of the basic preparation. Waiting until the last minute to
make these decisions may result in extra work, added cost,
or poor engine performance.

Keep in mind as you build your engine that there are places
to spend your time that are very important to your engine’s
performance. However, there are also many areas that DO
NOT affect engine performance, and some that may
adversely affect it. The two most important considerations in
engine building are to have straight and round cylinder bores
and to have these bores in a “good” block. Cleanliness is
also very important. Therefore ALL used and new parts
should be cleaned before anything further is done.

|
Compression Ratio to be used

Intake System to be used

Camshaft: Type

Lift

Duration

One problem with identifying production camshafts for a
given engine is that all are ground from the same casting.
At this point, camshaft identification is best done by
measuring the camshaft lift at the lifter. The usually reliable
casting number fails on camshafts.

Casting numbers and forging numbers are as valuable
for new parts as they are for old ones. Write both in
your notebook.

Block casting number

Cylinder head casting number

Intake manifold number

Rod forging number

Crankshaft number (if available)

Dynamic Balancing

Dynamic balancing of an engine assembly seems to be a
lost art. Many racers appear to be trying to build their
engine deliberately without balancing it. This seems
counter-productive. Balancing is strongly recommended
for racing engines and performance purposes, but it
requires the engine to be totally disassembled to allow you
to balance it. There are several “stages” to consider.

Balancing is a dynamic process. However, it begins with many
static processes that can generally be classified as weighing. Each
piston, pin, and both the small and big end of each connecting rod
is weighed. Once weighed, each individual piece is lightened-
down to the weight of the lightest piece in the set. Once matched
sets are created, the balance shop adds a “bob-weight” to the
crankshaft rodthrows. Now the crankshaft and vibration damper
(if desired) can be spun and balanced dynamically. Heavy pieces
(connecting rods or pistons) and externally balanced production
engines will require weight to be added. Lightweight pieces will
typically require weight to be removed.

Any serious race engine, especially a high rpm version,
should be internally balanced as an assembly. There is
performance to be gained from balancing the engine. It also
helps the engine last longer. Cast crankshaft engines are
externally balanced and therefore should be balanced with
the offset vibration damper, which is a stock part of the
package. It is recommended that if the engine is externally
balanced it also be internally balanced, which will require
Mallory metal (see Figure 4-5). (For more information,
refer to ‘Crankshaft’ section of this chapter.)

Note: It is common on cast crankshaft engines to offset
balance the torque converter (or flywheel) as part of the
overall balance; however, this is not recommended.

When production parts are used, no balancing is required if
the engine is being used in a production-style application.
In this case, production balance is adequate. In some
production engines the engine is externally balanced. If you
plan to balance these engines, balance them as an assembly
with any external balancing components, such as dampers,
torque converters, and flywheels included, or adjusted for.
You can’t really balance (spin) torque converters with the
engine, but you can do the flywheel and damper.

For a low-cost race engine, production balance is
acceptable as long as the original parts haven’t been
switched, mixed, or modified.

T 2o S - -
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Nominal Numbers

Numbers are fun to play with. However, they can be used
in more than one way. We all know what a number is, so
what is a nominal number? A nominal number is similar to
an average. Nominal numbers are used to describe
specifications that are found in production manufacturing.
In the automotive industry, we use them to describe engine
specifications such as compression ratio. The advertised
compression ratio of any production engine is a nominal
number. If you measure the size of the combustion chamber
in cc’s for hundreds of production engines, you end up with
a nominal number for the combustion chamber. If you
measure the size of the intake port (port volume) for
hundreds of production engines, you end up with a nominal
number for the intake port (port volume).

A nominal number does not mean that it is the biggest or
smallest, just the most common. Although it isn’t a true
average, it indicates the range that you can expect. The key
to all this is not to consider nominal numbers as absolute.
They can go up or down (plus or minus). In most cases,
much of the total variation (or observed variation) is not
due to the part itself. For example, let’s assume that the
nominal (or advertised) port volume for a head is 170 cc’s.
Let’s also assume that you want a large port volume for
your race engine, and the reason that you bought this head
is because of the 170 number. You measure it at the shop
and your new head measures 170.1 cc’s. You’re happy and
take the part home. A week later you measure the same port
in the same head again in your own shop at home and find
165 cc’s. Now you’re mad! What happened? Temperature?
Maybe. Different burette? Maybe. Most likely you
switched valves. Originally you measured it with a
nail-head or flat valve, but at home you measured it with a
stock valve which was semi-tulip (for example). The port
didn’t change. Valve shape changes can affect the
measurement of the combustion chamber. A nail-head or
flat valve makes the chamber smaller, and an undercut tulip
valve makes the chamber larger.

Remember, nominal numbers are for reference only. For
complete accuracy, measure the part itself with all the parts
that you are actually going to use in the final engine
assembly. If you change parts at a later date, don’t forget to
measure again!

Dynamometers (Dynos)

Dynamometers (dynos) allow you to measure an engine for
horsepower and torque output without putting it in a
vehicle. This has many advantages but it also has many
shortcomings. You don’t want to end up “racing dynos”
because dyno testing can be very expensive and uses up lots
of parts.

A short example may help illustrate the point. If you built
an engine that made 200 horsepower and you took it zo
Dyno service A and it made 225 hp, you’d be pleased. If
you took the same engine to Dyno service B and it made
245 hp, you’d be even more pleased. Dyno service C-260
hp. But if you took it back to Dyno service A and it made
225 hp you’d be disappointed. Unfortunately, you have
now spent thousands of dollars, used up your engine, and
learned nothing. You’ve been racing dynos. However, all is
not lost. If you stay at one dyno service and make your
changes, relative gains should translate to real at-the-track
performance gains. You just can’t get too hung up on
absolute numbers.

DISASSEMBLY

Before the engine assembly and blueprinting procedure is
started, the engine has to be disassembled. This disassembly
procedure is usually considered only a necessary evil and is,
therefore, usually done as quickly as possible. This is not
recommended. The correct way to disassemble an engine is
slowly. During teardown you should check for fluid
contamination (mixing of oil and water), cross-threaded or
stripped bolts and nuts, bolt holes that aren’t tapped deep
enough, and be sure to turn the crankshaft without
connecting rods (but with all the main bearings in place) to
see if there are any tight spots. Careful disassembly can give
you a lot of clues as to what has to be fixed, replaced, or
changed in the engine when you rebuild it.

Things to Check

When building a new engine assembly, which for most of us
really means rebuilding a used assembly with some new
parts, there is a lot of information the parts can tell us that
will help us with our project. Unfortunately, we have to
check these things ourselves. To this end, there are several
measurements that should be made during disassembly, or
when the new parts are received, which should be recorded
in the notebook that you should keep on each engine that you
build. They will be helpful when the engine is rebuilt. Some
of these measurements are crankshaft end play, connecting
rod side clearance, deck height (top of piston to top of block),
camshaft lift, and actual installed camshaft centerline. You
should check the camshaft lobes and valve guides for
excessive wear and check the pushrods for straightness.
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Crankshaft End Play

Rod Side Clearance

Deck Height: Above Below
Camshaft Lift

At Valve: Intake Exhaust

At Camshaft: Intake Exhaust

Installed Camshaft Centerline

Camshaft I.D.
(or part number, if available)

At this point we’ll assume that we’re rebuilding the engine
for added power and that there was nothing wrong with it
on its last pass; that is, it isn’t broken. So why are these
measurements important?

Let’s look at each one individually. Crankshaft end play can
indicate that the crankshaft is worn and needs to be
replaced. It may also indicate that you have an
engine/drivetrain mount problem that needs to be fixed
before you break the engine. If the connecting rod side
clearance is high, you may need connecting rods or the
crankshaft journal may be worn. Deck height affects the
piston selection and directly relates to the engine’s
compression ratio.

The easiest way to identify a camshaft by measuring the lift
both at the valve and at the camshaft lobe. This allows us to
calculate the rocker arm ratio. The camshaft centerline
check allows us to put the camshaft in the engine in the
exact same location as before. If we don’t do this, we can
lose some power/performance with the same pieces we had.
The camshaft I.D. is sometimes stamped on the end of the
camshaft that goes into the engine. This is sometimes
helpful with aftermarket grinds. But, if it isn’t there, then
the camshaft lift will get us what we need. One of the most
important items is to write this information down.

Part Identification

Casting numbers can be used to identify new or used
cylinder heads and cylinder blocks, even new or used intake
manifolds. Forging numbers can be used to identify
connecting rods. In either case, these numbers cannot be
used to purchase the part from a dealer, speed shop, etc. In
most cases, the service number (number used to obtain the
item) will be one or two digits different from the casting-
forging number. This doesn’t usually cause a problem, only
confusion, except for production camshafts. Camshafts
have a casting number, but it’s of no use in identifying the
camshaft except to tell you which engine it came out of,
which you usually already know.

The problem is that all production cams (2 to 3 designsin a
given year) for a given engine are a// ground from the same
casting. At this point, cam identification is best done by
measuring the cam lift at the lifter. This is much more
reliable than casting numbers.

Otherwise, casting numbers and forging numbers are as
valuable for new parts as they are for old ones. Write both
in your notebook.

INSPECTION AND PREPARATION

Cylinder Block

The basic block should be checked and reworked in
accordance with the following procedures:

1. Before disassembling the block, the deck height of the
pistons must be checked. Deck height is the distance
from the top of the piston to the top of the deck surface
of the block. This is an important dimension since it
has a direct influence on compression ratio. If the
piston is a flat top style, it will usually be below the
deck and this is the distance that must be measured. A
domed piston will stick up above the deck surface and
the distance is measured from the deck to the top of the
dome. Mark this figure down for future reference and
completely disassemble the block.

Optional Step: Stress Relieving (refer to ‘Block’
section of this chapter).

2. All the head bolts should be screwed into the block
without the head. Visually inspect the rows of bolts for
any that may be bent, drilled at any angle, or for holes
that are not drilled deep enough. When the head bolts
are screwed in, the depth of thread engagement should
be checked and recorded.

3. The main bearing bores must be checked for both
specified diameter and alignment with each other. If
either is off, a Tobin-Arp align boring machine (or any
similar type machine) must be used to align bore the
block. A crankshaft-turning tight spot indicates that the
bores are out of alignment.

4. Sonic Testing (refer to ‘Block’ section of this chapter).

TOTTTTT
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10.

11.
12.
13.

14.

Once the main bearing bores are known to be in
alignment, the deck surfaces of the block should be
checked to make sure they are parallel with the axis of
the crankshaft. The distance from the centerline of the
crankshaft to the deck surface of the block should be
exactly the same in the front and rear. If not, the deck
surfaces will have to be milled. At this time the deck
height can be machined to the proper dimension.

Note: Deck heights that are above the block surface
will be increased by milling the block. Check the
blueprint specifications on the engine before milling.
The resulting machined surface of the deck must be on
the rough side to produce a good gasket seal and
prevent the head gasket from moving.

A bottoming tap should be run down all head and main
bearing bolt holes. The head bolt holes should be
chamfered slightly to prevent the top thread from
pulling up when the head bolts are torqued.

Use a small, fine file to remove burrs and break all
sharp edges in the main bearing bores and around the
cylinder bore chamfers, along with other sharp edges
on the block.

The tappet bores may be shined with #400 paper to
remove any rough spots or burrs. A brake cylinder
hone may also be used with care.

If a big flat-tappet camshaft that requires .100"
oversize mushroom lifters is going to be used, the
bottoms of the lifter bores should be spot-faced to a
slightly larger diameter than the diameter of the
mushroom lifter bottom.

Ensure that all cylinder head dowel pins used for
aligning purposes are the proper height (not too high),
and also check to be sure that the dowel pins locate the
head properly so that the combustion chamber is
centered over the cylinder bore. Check to be sure that
the dowel pins don’t hold the head up off the block.

Honing (refer to ‘Block’ section of this chapter).
Honing Plates (referto ‘Block’ section of this chapter).

The rear main bearing oil seal machined groove should
be roughed slightly with a center punch, and the rope
seal must be seated all the way in. The rubber rear main
seal should be held in place with Permatex (RTV).

A chemical kit belongs in every workshop before you start
building the engine. It will be useful in coping with life’s
mechanical frustrations, such as baked-on gaskets,
assuring proper seal, assembly lubing, freeing up nuts, and
dozens of other uses. Chemical products to be used
frequently are: SiliconeRTY, Gasket Remover, Lubriplate,
Spray White Lube, Anaerobic Gasket Maker, Lock "N
Seal, Brake and Carburetor Cleaner, Penetrating Fluid,
Spray Gasket Adhesive, Thread Sealant with Teflon, and
Hand Cleaner. Everything you’ll need to spare a headache!

15.

16.

When installing camshaft bearings, make sure that the
oil holes in the bearings line up with the oil holes in the
block. DO NOT replace camshaft bearings unless they
are bad.

When all machine operations are complete, the block
should be thoroughly washed out with solvent. Use
bottle brushes of suitable size to clean out all bolt holes,
oil passages, etc. Finish off with another thorough
washing using a good, common detergent and warm
water. Blow or wipe dry and oil to prevent rust. Engine
parts can’t be too clean. Many early engine failures can
be traced to dirt or foreign objects (metal chips, etc.)
that were left in the engine when it was reassembled.

Crankshaft

1.

Check crankshaft end play (refer to Crankshaft End
Play, ‘Crankshaft’ section of this chapter).

Crankshaft bearing journals should be checked for
specified diameter and clearance. If it is a hardened
crankshaft, it shouldn’t be ground for clearance. These
crankshafts are hard only to a depth of .0003". The main
bearing clearances should also be checked. The best way
to measure crankshaft journals is with a micrometer.
Main bearing clearances can be measured directly or by
using Plastigauge. The main bearing clearances should
be 0.03-0.06 mm (0.001-0.0025”). For complete
procedure, refer to Measuring Main Bearing
Clearances, ‘Crankshaft’ section of this chapter.

The bearing journals may be polished by hand, first
with #400 and then with #600 paper. Any nicks, burrs
or scratches should be polished out. Chamfer oil holes
in journals and use a wet stone to break edges. Check
the oil passages to each journal.

Caution: With nodular cast iron crankshafts, it is
important that the final paper or cloth polish after any
journal regrind be in the same direction as normal
rotation in the engine.

Before assembly, make sure crankshaft, including
internal oil passages, is clean. Also be sure all oiling
passages are drilled through.

When assembling the crankshaft into the block, oil the
bearings and journals.

When installing the crankshaft, locate the main caps
carefully so that the crankshaft spins freely, and torque all
caps to specification. Then spin the crankshaft by hand
through several revolutions before installing the rear main
seal. It should be fairly free, requiring very little effort.
Remove the caps and check for any burrs. If present, they
can be removed by gently scraping with a bearing knife.
When installingthe rear main seal, make sure it is properly
seated improper seating can cause the crankshaft to bind.
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7. For better race engine oiling with a high capacity oil
pump, 360” main bearing oiling is desired. 36(° fully
grooved main bearing sets should be used. It is NOT
recommended that the crankshaft itself be grooved
because grooves weaken the crankshaft.

8. A degreed damper is a must for racers since they must
set their timing by total degrees advanced at a fairly
high rpm (for example, 35° total at 2,500 rpm). A
degreed damper is the easiest, most accurate, and most
convenient tool for doing this. It also aids in setting the
valve lash by giving 90° reference marks.

Note: Damper degree timing tape is P4529070.

Measuring Main Bearing and Connecting Rod
Bearing Clearances

(Refer to ‘Crankshaft’ and ‘Connecting Rods’ sections of
this chapter for detailed instructions.)

Cylinder Head

1. The cylinder head should be “cc’d’ and the volumes
compared to specifications. Any milling that is
required should be done, and the chamber volumes
rechecked.

2. The cylinder head should be checked for squareness
and for any cracks or flaws. The valve guides should
also be checked for wear and replaced if necessary.

3. The cylinder head should have a valve job done if the
seat runout does not meet specifications: 0.064 mm
(0.0025”). Refer to ‘Camshaft and Valve Gear’ and
‘Cylinder Head’ sections of this chapter for more
information.

4. The cylinder head should be installed on the block
without the head gasket to check dowel pin height.
Dowel pins should NOT hold the cylinder head up off
the block surface; they should only locate it over the
cylinder bores.

5. When high lift camshafts are installed in production-
based engines, the keepers may hit the valve guide. This
should be checked at the cam’s maximum lift. The guide
should be shortened to give .1({)" clearance between the
top of the guide and the bottom of the keepers.

6. When dual valve springs are used, the inner spring seat
may have to be cut down flush with the outer spring seat.

7. With the crankshaft, pistons, and connecting rods
removed, check the alignment of the combustion
chamber over the cylinder bore. If it needs to be
corrected, use offset dowel pins in the block.

8. The latest tech trend in Stock and Super Stock racing is
to “cc” the ports—both intake and exhaust. This isn’t a
technique to increase performance; rather, it’s a
measurement technique used by the NHRA and IHRA

at the tech barn. They have a cc number for the port
volume and your cylinder head will be checked against
that number. Refer to the ‘Cylinder Head’ section of
this chapter for complete information.

Connecting Rods

Note: The following information is for the preparation of
steel connecting rods only.

L.

10.

Connecting rods should be checked for alignment; bores
should be parallel. Check big and small ends for size.

Using a small file, deburr the connecting rods, paying
particular attention to the mating surfaces and tab
groove. You need the clamping effect of a 60 micro
bore. The sides should be polished by hand on a flat
plate using #600 paper. Proper side clearance should be
0.25-0.48 mm (0.010-0.019”).DO NOT increase side
clearance past .0 197as this increases the oil demand of
the engine. It will also allow too much oil on the
cylinder walls which will overload the rings and allow
excess oil in the combustion chambers.

In an engine that is to be used in a high rpm situation,
the connecting rods and connecting rod bolts should be
Magna-Glo checked for cracks or forging flaws.

A race engine should always use heavy duty
connecting rod bolts and nuts.

The connecting rod bearing clearance is 0.25-0.76 mm
(0.001-0.003”). Preferred bearing clearance is 0.044-
0.050 mm (0.0015-0.0020).

The connecting rod bolt head should be seated against
the flat, machined surface in the connecting rod.

For a race engine, the big end of the connecting rod
should be sized to the minimum diameter to get the
maximum crush from the bearing.

Shot-peening the rods is recommended if they haven’t
been already.

Some race engines use floating piston pins. On these
engines, the pin-to-connecting rod clearance should
be checked. On standard production engines that use
a pressed pin, the amount of interference should be
checked. (Refer to 4.0L Engine Specifications, in
this section.)

Connecting rods with full floating pins to be used in
racing applications should have the small end of the
connecting rod drilled with a small hole
(approximately 3/32”)for increased piston pin oiling.
The best location for this oiling hole is the top of the
connecting rod above the pin (Figure 4-11). Pin oiling
holes in the sides (5 o’clock or 7 o’clock, for example)
weaken the connecting rod itself and therefore are
NOT recommended. One hole in the top does the best
job of oiling the pin and maintaining the connecting
rod’s strength.

TTT -
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Pistons and Rings

1.

10.

Check ring grooves for burrs, then for proper side
clearance.

Check ring end gap against specification. DO NOT in
any case exceed specifications as this will allow too
much blow-by, causing power loss and/or allowing too
much oil to reach the combustion chamber which can
cause detonation. The ring gap ends must be square
and parallel.

Use a fine stone to deburr rings and to just barely break
edges on end gaps. Break the edges using #600 paper,
but DO NOT chamfer.

Pistons and Piston Rings — General Selection (refer to
‘Pistons and Rings’ section of this chapter for
selection information).

Production pistons will perform well with standard
production clearance. Solid skirt, racing-type pistons
will need more clearance (check with the manufacturer
of the pistons you are using). This clearance is
measured just below the oil ring and perpendicular to
the pin centerline.

Production pistons are designed with an offset pin to
keep piston slap to a minimum. Internal friction can be
reduced by reversing this offset. On flat top pistons it
is only necessary to reverse the piston on the
connecting rod to accomplish this. The location notch
or groove on the top of the pistons should be pointing
toward the rear of the engine when you finish.

Pistons should be clearance checked in the bores that
they will be run in. Also, piston ring end gaps should
be checked in the cylinders that they will be in.

With either flat or domed pistons there will most likely
be valve notches or reliefs cut to provide sufficient
valve clearance. The edges of these notches as well as
other edges on the tops of the pistons should be sanded
lightly with #400 paper so they are not sharp.

High lift camshafts will require the pistons to be
notched or the existing notches to be deepened.

High compression pistons have a large dome that sticks
into the combustion chamber. In some cases this dome
will strike the spark plug and close it up. Therefore, the
end of the plug should be given 1/4" clearance in the
shape of a spherical cup. This will also aid in flame
propagation because the plug will be less shrouded.

Seal and Cover

With the engine parts preparation completed, parts should
be sealed in paper and then covered with a plastic bag. The
carburetor/throttle body flange, exhaust ports, etc., should
be taped over until the engine is installed and these
components are actually bolted on.

SUB-ASSEMBLY OF BASIC GROUPS

With the individual pieces of the engine prepared, we can
now proceed to put together larger assemblies, such as the
short block and cylinder head assemblies. Also, before
starting work in this area, certain basic engine decisions
should be made such as engine compression ratio and
camshaft design and specifications. With these decisions
made, there are some specific procedures that you should
be familiar with when you are assembling the individual
pieces. These procedures will be discussed separately in the
following sections before going on to the final engine
assembly.

The most important areas in the performance and
horsepower output of any engine are as follows. Straight
and round cylinder bores are the most important with their
related area of sealing the ring to the cylinder wall and the
piston. The valve work (valve job) is also very important to
all engines. Cylinder head ports are important to high
output engines. Lightweight rotating engine pieces will
help the performance of all engines as long as their use is
not at the expense of durability. Having a good valve
assembly that works well together to do the required job is
often overlooked, but is very important in engine
performance. (For more information on valve train
geometry, refer to ‘Camshaft and Valve Gear’ section of
this chapter.)

Preliminary Assembly

It is recommended at this point that a preliminary assembly
of the short block be made and various measurements
taken. This preliminary assembly should consist of
installing the main bearings, crankshaft, and piston and
connecting rod assemblies (no rings required).

After this preliminary assembly has been made, measure
the actual deck height, dome height (if a domed piston is
used) or depth of the “dish’ (if a dished piston is used), and
gasket thickness. With this information, you can then
determine your initial compression ratio.
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Cylinder Head and Intake Manifold

With the short block ready to be assembled, the cylinder
head and intake manifold can be checked in the preliminary
stages of assembly.

The intake manifold should be checked for port alignment.
The intake manifold’s angle should be the same as the
cylinder head and it should fit such that with the gasket
installed the intake manifold bolt holes line up.

For more intake manifold information, refer to ‘Induction
System’ section of this chapter.

Camshaft and Valve Gear

Choosing the camshaft is the last of the three major engine
building decisions (the three being carburetion,
compression ratio, and camshaft), and it is easier to make
once the other two decisions have been finalized. The
camshaft directly affects the pistons, block, head, and
complete valve gear, so it should not be taken lightly.
Camshaft choice is often difficult because of the vast
number of options available. However, once carburetion
and compression ratio decisions are made (along with what
the engine is going to be used for), the total number of
choices will be narrowed down to a handful or less, which
is a lot easier to select from than hundreds.

With head, valves, and springs initially assembled, the head
assembly can be bolted to the block and preliminary checks
on camshaft and valve gear can be made.

1. General Camshaft Selection

There are literally thousands of camshaft designs to
choose from. Picking the correct one for you and your
engine without spending too much money is a very
tough job. Selecting the type of camshaft (hydraulic,
mechanical, roller) is usually the hardest job. Mopar
Performance Parts has specific recommendations for
various engines. However, you must still decide on the
type that best suits your application. Once you have
decided to go hydraulic, solid, or roller, Mopar
Performance Parts can make recommends that will
work best in your application. The easiest way to
identify the type of camshaft is by lift. Each category
has a lift range in which it works best. For complete
information and performance application
recommendations, refer to ‘Camshaftand Valve Gear’
section of this chapter.

2. Valves and Valve Springs

a. Valves should be measured (to be sure they are the
proper size) and inspected for flaws or other
damage. Measure the actual outside diameter of
the valves to be used and record the measurement.

Valve springs should be load checked. Weak
springs will have to be replaced. Record loads and
height checked at. The biggest advantage of load
checking is to see if the springs have “gone away”
or to see if a second set of the same spring is as
“strong” as the first which worked well.

Note: Not all spring testers are the same. Many
are not maintained and calibrated on a frequent
basis. This makes the absolute value of spring
loads quite unreliable. However it is a very good
comparative tool; that is, measuring all springs on
the same tester or measuring the same spring new
and used.

With the valves, keepers, and retainers installed,
check the valve spring height. This should be
compared to the spring load information (#2b) and
the correct thickness shim chosen to get the same
installed spring load on each valve. Valve spring
installed height must be carefully controlled to
avoid “coil bind” by providing at least .100" more
height at maximum valve lift than the solid height
of the spring.

Caution: DO NOT check solid height with a
spring that you intend to use in the engine.
Compressing a valve spring to solid height will
overstress it and cause premature load loss or
spring breakage.

With the same spring height setup as #2c¢, measure
the outer valve spring height, the inner valve
spring height, and the keeper-to-valve guide
clearance. The camshaft lift (lift of the camshaft
measured at the lobe or lifter) multiplied by the
rocker arm ratio plus 050" should be less than the
keeper-to-guide clearance in the valve closed
position or the guide will have to be shortened.
Measure the “solid height” of both the inner and
outer springs. This solid height plus .100" plus the
valve lift (camshaft lift multiplied by the rocker
arm ratio) should be equal to or less than the
installed height for each spring.

The valve spring installed height can be increased
without installing longer valves. Usually, special
retainers are used to do this. The increased
installed height stresses the spring less so that it
lasts longer. It also allows for higher lift camshafts
with the same basic parts.

Note: DO NOT sink the valve or machine the
outer spring seat down into the head to increase
the installed height. This would result in decreased
performance.
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3.

Rocker Arms and Pushrods

a.

Check rocker arm-to-valve tip relationship for
alignment. Improper alignment can place undue
side loads on valves, causing rapid valve guide
wear. Rocker shaft spacers or grinding the rocker
can be used to move the rocker arm up or down the
shaft to align it on the valve tip.

Check valve tips for scuffing or high wear.

Check pushrods for straightness and length. If they
are too short, they can’t be adjusted to work
properly. If they are too long, they will over-angle
the rocker arm and, with high lift camshafts, hit
the bottom of the rocker.

d.  Check the pushrod-to-block clearance with high
lift camshafts or large diameter pushrods.

Additional clearance can be obtained by using a
small electric or air grinder, a drill motor with a
rotary file, or a rat-tail file. Grind to your
individual need.

Pushrod Length

To optimize rocker arm geometry, a cut-to-length
pushrod kit is recommended, but only to the very
serious racer or for engines with large amounts of head
milling and block decking. Custom length pushrods are
used to obtain ideal rocker arm geometry which allows
the best performance from a given camshaft.

For additional information, refer to Pushrods,
‘Camshaft and Valve Gear’ section of this chapter.

Additional Camshaft Installation Performance Tips

When installing a new camshaft, there are several items
besides the camshaft that should be replaced. First,
you’re probably going to replace the valve springs to
get the most out of the new camshaft. It’s always a good
idea at this point to install new valve seals.

While the camshaft is out, it’s recommended that the
standard silent chain be replaced with a roller timing
chain and sprocket set. Refer to ‘Crankshaft’ section of
this chapter for more information.

The 4.0L engine needs offset bushings to centerline
camshafts (P3690936).

When centerlining the camshaft, we recommend using
a degree wheel. Once the engine is put back together,
you should use damper degree timing tape (P4529070).
Refer to ‘Camshaft and Valve Gear’ section of this
chapter for complete camshaft centerlining information.

Notes Before Final Assembly

1.

Make sure all parts have been cleaned, and are kept as
clean as possible.

Observe factory torque specifications for all fasteners,
and also factory specified tightening sequences for
cylinder head and intake manifold bolts to reduce the
possibility of cylinder head or intake manifold warpage.

The engine should be assembled using oil, gasket
sealer, white grease, etc., on the appropriate points.

FINAL ASSEMBLY

Now that we’ve gathered all our parts, the next step is to
clean everything, especially the used parts that are going to
be reused. Clean them before they go to the machine shop,
unless you’re going to pay extra to “tank” them. A machine
shop will do a better job with clean parts than with greasy
parts. You don’t have to polish them—just degrease them.
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Earlier we said we were going to rebuild our engine. This is
actually a common misnomer. It would be more correct to
say that we are going to assemble the engine or, in our
specific case, reassemble. There are certain operations that
we can’t do. For these special operations, we have to select
a machine shop. Typically these operations are:

1. Bore block

2. Hone block with honing plate

3. Valvejob:

— Grind valves

— Grind seats in head

— Install valve seats, if required
Deck cylinder head and/or block
Install bronzewall guides, if required

Rebuild connecting rods

N » A

Balancing

Once all these parts come back from the machine shop, we
get to do our thing—assemble the engine—slowly, very
slowly! The first step is to clean everything AGAIN—-new
parts, old parts, and machined parts. When completed, dry
thoroughly and wipe or spray light oil onto the parts to keep
them from rusting, then cover or wrap in newspaper until
actual assembly time. All the measurements, clearances and
fine tuning prep have to be done prior to final assembly. This
usually requires parts of the engine to be sub-assembled
two, three, or four times before final assembly. At this point,
we’ll assume all this preparation has been done.

To put the complete engine together we should consider three
sub-assembliesthat should be put together separately. Because
of this, they may also be assembled at differenttimes. They are:

1. Connecting rod and piston assembly

2. Cylinder head assembly

3. Rocker shaft assembly

Our final assembly steps are:

1. Block on to engine stand

2. Main bearings added to block

3. Crankshaft installed and mains torqued

4. Connecting rods attached to pistons:

— Pressed pin (machine shop)

— Floating pin (add snap rings)

Rings added to piston and connecting rod assemblies
Connecting rod bearings added to connecting rods

Connecting rod and piston assemblies inserted into block

o N -

Camshaft installed

9. Timing chain and sprockets added
10. Tappets inserted
11. Cylinder head assembly:
— Valves inserted
— Valve seals added
— Springs installed
— Retainers added
— Keepers installed
12. Head gasket added
13. Cylinder head installed
14. Head bolts torqued (in proper sequence)
15. Rocker shaft assemblies:
— Rocker arms added in order
— Rocker bolts inserted
— Oiling holes checked for alignment
16. Rocker shaft assemblies installed
17. Pushrods installed
18. Rocker shafts torqued down
19. Camshaft centerline checked
20. Intake and exhaust manifolds installed

21. Intake and exhaust manifold bolts torqued (in
proper sequence)

22. Distributor installed
23. Valve covers, oil pan, timing covers added, as required

24. All open holes, such as carburetor/throttle body pad and
exhaust ports, taped in preparation for paint or installation

25. Old spark plugs installed
26. Engine stored, painted, or installed

27. After installation, old plugs swapped for new plugs and
sealing tape removed

28. Engine dress-up completed—plug wires, hoses,
headers, etc.

29. Before actual engine start-up, refer to Engine Start-up,
later in this section

And you thought this was going to be easy! Take your time
and it’s not so bad. If you can work on the engine full-time,
allow one month. If you do the work part-time, allow two
months or more. This doesn’t include machine shop or parts
gathering time. Be careful and don’t hurry. You’ll be
successful. There’s a lot of pride in the successful
completion of an engine building project.
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Camshaft into Block

1. Before installation, the camshaft and tappets should be
liberally coated with Mopar Engine Oil Supplement.
This lubricant will stick to the surfaces without
draining off and will prevent scuffing when the engine
is fired up for the first time. It has been determined that
this is when the most camshaft damage takes place.

2. When installing the camshaft sprocket, use at least
Grade 8 bolts, along with Loctite and safety wire. It is
possible for high speed engine harmonics to cause
these bolts to loosen if precautions aren’t taken.

3. Because of production tolerances, it is possible for the
crankshaft-to-camshaft relation to be several degrees
off, either advanced or retarded. It is important that this
timing be correct to produce maximum performance.

4. While the engine is still without the head, the timing
marks on the crankshaft damper and the timing chain
cover should be checked for accuracy of the “0”” TDC
mark.

5. Advancing or retarding a camshaft should only be done
to install the camshaft at its designed centerline. It is
very important to have the centerline correct. Most
camshafts will have the design centerline stated as part
of the specifications along with duration and lift. If it
isn’t given, it can be calculated (refer to ‘Camshaft and
Valve Gear’ section of this chapter). Advancing or
retarding a camshaft from its designed centerline is not
recommended because it will reduce the overall
efficiency of the engine.

Cylinder Head onto Block

When the block was honed using a honing plate, a certain
cylinder head bolt thread engagement depth was used for each
bolt. It is important that the cylinder head be attached using
the same thread engagement depth as the honing plate did.

With the block ready to be assembled, the cylinder head and
intake and exhaust manifolds can be checked in the
preliminary stages of assembly.

Use the correct torque sequence when installing head bolts
(refer to [Installation, ‘Cylinder Head’ section of this
chapter for complete procedure). Be sure to torque the bolts
a second time after you’ve run the engine.

Valve Gear onto Engine

With the camshaft in the block and the head installed, the
actual valve lift measured at the valve retainer can be
checked. The camshaft lift multiplied by the design rocker
arm ratio should yield the valve lift. However, this is not the
case in an actual engine. The actual rocker arm ratio will be
less than the design rocker ratio which is typically 1.5 for
wedge engines. This will cause the valve lift to be less than
the number that is calculated. This is due to the rocker arm

ratio itself plus the effect of the geometry of the head.
“Blueprinted” mechanical rocker arms (those with an exact
design ratio) are available for most engines from various
high performance machine shops.

Intake Manifold

The intake manifold should be checked for port alignment.
The intake manifold’s angle should be the same as the
cylinder head and it should fit such that with the gasket
installed the intake manifold bolt holes line up.

The intake manifold attaching holes in some cylinder heads
are shallow. Check to be sure the manifold screws are
properly torqued and that the manifold is actually
compressing the gaskets. If the holes are shallow, a rather
severe oil leak may result.

Carburetion System (if equipped)

The carburetion system directly affects the cylinder head,
but only to a minor degree. All the same, the carburetion
system is rated as the number two engine building decision
because of its indirect effect on camshaft selection. In many
cases, the carburetion system is determined by the rules of
the governing body that runs the race track. Without that to
guide us, a single 3-barrel is preferred because of its
simplicity.

Oiling System

Refer to ‘Oiling System’ section of this chapter for detailed
information and parts listing.

Accessory Drives

A typical drag race vehicle has a very limited accessory
drive at the front of the engine. It may consist totally of one
dry sump pulley and belt. This is very simple and has never
been known to cause any problems except for those who
forget to charge their batteries between runs! However,
other types of race vehicles typically have a water pump
drive, an alternator drive, a power steering pump drive,
and/or a dry sump drive. If you take the “stack it on the
front and use a longer bolt” approach, you could have some
problems, especially during long, high speed races. You’d
like to keep the drives as close to the front of the engine as
you can. However, you can’t take the drag racing approach
either. If you use the water pump drive to drive the
alternator, you can save one separate drive. The power
steering can be driven off the water pump so that it doesn’t
load the crankshaft and push the bolt out further. This
sirnple approach can take several inches off the bolt length.

Valve Clearances

Proper valve clearances are very important to prevent bent
or broken valves. Valve clearances to be checked include
valve-to-valve, valve-to-piston, valve tip-to-rocker arm tip,
and valve-to-block. For complete information, refer to
‘Camshaft and Valve Gear’ section of this chapter.
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Boring and Milling Specifications
For information, refer to ‘Block’ section of this chapter.

Engine Paint

Seal and Cover

When the engine assembly is completed it should be sealed
with duct tape (covering exhaustports, etc.) and then covered
with a plastic bag. The carburetor/throttle body flange,

exhaust ports, etc., should be taped over until the engine is

Th leted engine i dy to be painted. Seal off . .
© compieted CNSINe 18 ow ready 1o be patied. Seato installed and these accessories are actually bolted on.

the open holes and machined surfaces such as
carburetor/throttle body flanges and exhaust port openings.
Tape over or cover all items that you don’t want painted,
such as chrome valve covers. Nine colors are available
from Mopar Performance Parts.

Engine Enamel Spray Paint

Black (P4120753) All 2.2L engines since 1981, and 318 and 360 engines since 1983, have been painted black.

Race Hemi Orange (P4120751) A bright orange color used on cars equipped with Max Wedge engines (413 and 426W
cross-ram) during 1962-64. Also used on 426 Race Hemis built in 1964-65.

Street Hemi Orange (P4349216) A red-orange color used on 426 Street Hemis built in 1966-71. Commonly referred to as
“Hemi Orange.” 1969-71 high performance 383 and 440 engines and 1970-71, 340 ‘A’
engines were also painted this color.

Turquoise (P4120752) This medium blue-green color was used on all ‘B-RB’ big block engines during 1962-71
(with the exception of 1969-71 high performance 383 and 440 engines—they were painted

Street Hemi Orange).

This bright red color was used on all 273 ‘A’ engines from 1964-69. Also, 1968-69, 340
engines and most mid-1960s 318 ‘A’ engines were finished in this color.

Red (P4349218)

Blue (P4349217) This medium blue color was used on all production engines from 1972-83 with the

exception of the 2,21 engine. Most 318 ‘A’ engines built from the late 1960s through 1972
were painted this color.

Yellow (P4529144)
Aluminum Silver (P4529148)

Used on many early 1960s Slant Six engines, including trucks.

This color was used as far back as the 1940s and as late as the early 1960s. Most of the
early 300 series Hemis and 1950s engines were painted this color.

Gold Metallic (P4529149) The “Golden Lion” engines of the late 1950s and early 1960s as well as the “Golden

Commando” and DeSoto “Adventurer” engines used the color.
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Engine Building Checklist

Do you own and have you
studied the service manual for
your engine?

Did you read this chapter
completely?

Did you select your parts based
on Mopar Performance Parts
recommendations?

Did you take your time and
carefully check everything?

Did you clean the parts after
each operation?

Did you check all the various
clearances?

Did you re-check all torques?

Do you know your exact
compression ratio?

Did you record all measuremer..;
and parts used?

How many "tricks" were added to
the engine? (Put numberin "NO"
column.)

Did you select your camshaft for
its intended use?

Was the octane of the gas
available considered with the
compression ratio?

Did you use oil, gasket sealer,
white lithium grease, etc., during
assembly?

Do you know your exact
camshaft centerline (as
installed)?

Did your cylinder bores measure
round and straight?

Did you use a dial-bore gauge to
measure the cylinder bores?

Did you measure the camshaft
lift at the valves (intake and
exhaust)?

Did you check the connecting
rod bolts for the head flush with
the spot-face?

Did you check TDC on the
damper after assembly?

Was the engine builder present
at engine start-up?

Was the piston pin clearance or
press checked?

Was the valve job done by a
professional?

<
m
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Engine Start-up

With the new engine built-up and installed in the race
vehicle, you’re ready to start the engine for the first time.
This sounds simple enough but should not be taken lightly.
The first step is to be sure that there’s oil in the pan. Never
assume that someone else did it. Check it yourself! Next is
to add water. Check for leaks before starting. Double check
the firing order, plug wires and basic timing.

In addition to these items, make sure that:

1. The oil pump and oiling system are supplying oil
pressure. After installing a mechanical oil pressure
gauge (only if your vehicle is not already equipped
with an oil pressure gauge), remove all the spark plugs
in order to relieve the compression in the cylinders and
to prevent the engine from starting. The engine should
be turned over with the starter motor until the oil
pressure gauge shows a reading of over 10 psi.

Once you have determined that the engine does have
oil pressure, the spark plugs may be reinstalled and the
engine may be started. When the engine starts, the
gauge should show a minimum reading of 89.6 kPa (13
psi) at 600 rpm (idle speed).

2. The fuel pump(s) is supplying fuel to the engine, and
there are no fuel leaks at the various fittings.

3. The throttle linkage operates freely.

4. The ignition timing is set properly (conservatively for
break-in).

5. The tach and engine shutoff (on manual transmissions)
is functioning properly.

TRACK TESTING

“Track testing” can be critical to the maximum efficiency of
the overall vehicle. These tests are grouped into three areas:
garage, the race track itself, and pits. Obviously the title
“track” is slightly misleading. The term “track” implies that
the race vehicle is completed and ready-to-go, which is
required for these tests. So in this sense, “track” is more a
condition than a location.

Before Testing

Before any test is run, certain preparations have to be made
or the test may fail. You should always test specific things,
preferably one at a time.

Be sure that you have read this chapter completely. Take
this book as well as the appropriate service manual with
you to the test.

Preparation

Make sure that the engine/vehicle is fully prepped before
going to the test. Engine full of oil, coolant, etc. Vehicle full
of gas. Test the brakes, steering, transmission shifters, etc.
Also write down exactly what you’re going to test and in
which order.

Pack all the spare parts (gaskets, sealers, etc.) that may be
required in portable containers such as the Mopar
Performance parts tote (P4529181). Mark each tote with
what’s inside. Always take extra bearings, pushrods, rocker
arms, valve springs, retainers and keepers. Take all your
extra ignition pieces (especially plugs and wires) and (if
equipped) carburetor parts (especiallyjets).

Be sure that the “test parts” fit before going to the track.
Generally on a seasoned race vehicle, the vehicle is taken to
the track with the new parts installed. Then you can
baseline the new parts and switch to the old parts without
problems because they’ve been on the vehicle already.

Also, separate plug wires using P4007667 kit. Shield non-
plug wires with convolute tubing for protection and
neatness. Choose size by the size and number of wires
being covered.

[
Parts Tote

Parts and tool storage can be a real hassle when you go
racing or even at home in the garage. This handy parts tote
is designed to hold your tools and parts neatly and safely.
Made of durable impact resistant plastic that will stand up
to a rugged treatment. Stackable so you can maximize
space. Molded in blue. 21-1/8" x 15-1/4" x 12-3/4".

P4529181 Parts tote.

Self-Locking Cable Tie Package

Keep your engine compartment neat and free of loose
wires with these handy, self-locking nylon cable ties.
Available in ladder or solid locking design. Just loop
around loose wires, tighten, and cable locks in place
automatically. Ten each of the following lengths and styles
are included: 8”and 5-1/2" solid design; 11”and 7’ ladder
design.

P4286521 Self-locking cable tie package.

Screw-On Cable Tie Package

Screw-on cable ties have a built in grommet for screw or
bolt attachment to firewall, fenderwall, etc. Screws and
bolts not included. Sold five per package. 12-1/2" length.

P4286522 Screw-on cable tie package.
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Convolute Tubing Packages

Here’s the best way to protect loose wires, cables and
vacuum hoses. Convolute tubing is specially designed
armor for protection against heat and corrosive substances.
Made of black polyurethane that’s ribbed for curving in
tight areas and slit for easy installation over existing
wiring harnesses. Keeps wires out of the way and makes a
very neat underhood appearance. Each package includes
25 feet of material which can be cut to length. Select from
four popular diameters.

P4286576* 1/4" convolute tubing.
P4286577 7/16% convolute tubing.
P4286578* 5/8" convolute tubing.
P4286579 1”convolute tubing.

* Package includes 24 retaining clips.

ENGINE SPECIFICATIONS

Before you run any engine test (track or shop), you should
know and have written down the following information:

Camshaft Centerline

Valve Spring Installed Height:

Valve-to-Piston Clearance:

Intake_______ Exhaust ________

Total Spark Advance

TDC on Damper Checked

Optional items to this list are cylinder head cc’s and deck
height. This information should be based on actual
measurements and written down as the actual number,
not “stock.”

At the Track

When taking the vehicle to the race track. the “trick” is for
the driver-mechanic to get the most out of the package that
he is testing. You learn nothing if something is wrong with
one or several of the parts.

Once the vehicle is at the track and unloaded, warm up the
engine. Check all the fluids. Check engine for leaks. Be
sure all the gauges work. If it is a new engine, break it in
easy—don’t hurry. Fill the gas tank and check plug wires.
Be sure that the vehicle goes straight —tire pressures equal,
etc. Always use helmets and seatbelts during test.

BASIC TUNE-UP AND TROUBLESHOOTING

Basic Tuning

1. Test battery specific gravity; add water if necessary.
Clean and tighten battery connections.

2. Test cranking amperage draw. See Starting Motor
Cranking Amperage Draw, ‘Electrical System’ section
of the service manual.

3. Tighten intake and exhaust manifold bolts in proper
sequence to specification.

4. Perform cylinder compression test:

a. Warm up engine, if possible, to normal operating
temperature. If not possible, perform cold.

b. Remove all spark plugs from engine. As spark
plugs are being removed, check electrodes for
abnormal firing indicators —fouled, hot, oil, etc.
Record cylinder number of problem spark plug for
future reference.

c. Disconnect coil wire from distributor and secure to
good ground to prevent a spark from starting a fire.

d. If equipped with a carburetor, be sure choke and
throttle blades are fully open during the
compression check.

e. Insert compression gauge adapter into the No. 1
spark plug hole in cylinder head. Crank engine
until maximum pressure is reached on gauge.
Record this pressure as No. | cylinder pressure.

f.  Repeat step e for all remaining cylinders.

g. Compression should not vary much from cylinder
to cylinder. Refer to engine specifications.

The recommended compression pressures are to
be used only as a guide when diagnosing engine
problems. An engine should not be disassembled
to determine the cause of low compression unless
some malfunction is present.

5. Clean or replace spark plugs as necessary and adjust
gap as specified. Tighten to specifications.

6. Testresistance of spark plug cables. Refer to ‘Electrical
System’ section of your service manual for procedure.

7. Inspect the primary ignition wire and vacuum advance
operation (if equipped). Test coil output voltage, primary
and secondary resistance. Replace parts as necessary.
Refer to ‘Ignition System’ section of your service manual
for procedure and make necessary adjustment.

T 7T -
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8. Reset ignition timing with vacuum advance line
disconnected. Ignition timing should be set to
specifications. Performance applications should set
total spark advance with vacuum disconnected.

9. Set carburetor idle mixture adjustment (if
equipped). Adjust throttle stop screw to
specifications. Bigger camshafts require more idle
fuel. Bigger jets may be required.

10. Test fuel pump for pressure and vacuum.

11. Air filter element should be replaced as specified in
‘Lubrication and Maintenance’ section of your service
manual. Replace more often when vehicle is driven in
dusty or sandy areas.

12. Inspect crankcase ventilation system as outlined in
‘Lubrication and Maintenance’ section of your
service manual.

13. Inspect and adjust accessory drive belts.

14. Road test vehicle as a final test.
Basic Troubleshooting

The first step in troubleshooting is to define your problem.
What does it do, when does it do it, etc? If it comes and goes
or if it changes, then it can be very difficult to solve.
Surprisingly, many of these apparently tough problems are
solved by simply going back to the basics. We’ll stick to the
basics because of our space limitations and let the “pros” who
have on-the-scene access to the vehicle work on the others.

If a loss of performance is noticed while running the
engine, ignition timing should be checked. If ignition
timing is retarded about 16°, camshaft and accessory shaft
timing with the crankshaft should be checked. The timing
chain may have “jumped” a tooth. This is a nice way of
saying check the camshaft centerline!

We’d also suggest, at this point, to check TDC using the
Mopar Performance Parts positive stop TDC indicator tool
(P4349737) and compare with the marks on the damper
being used.

Check fuel delivery system (electric pumps, etc.). Check
the carburetor for wide open throttle and other functions
along with vacuum leaks from hoses in the area. Also check
plug wires and wire ends.

Next, run through the steps of the basic tune-up and
compare readings to initial ones. If you have no initial
readings, it is much more difficult to find a problem easily.
You may want the engine leak tested to get better data.

PERFORMANCE TROUBLESHOOTING

Unlike basic troubleshooting, in performance troubleshooting
there really isn’t anything “wrong.” The engine just isn’t
running as fast as it should be. Obviously, if there is
something wrong, it will make the vehicle go slow. But this is
performance troubleshooting. We are only going to concern
ourselves in this short discussion with the problems of using
the wrong parts, using the right parts in the wrong
applications, or mixing the right parts for one application with
the right parts from a different application and ending up with
the wrong package. To illustrate this last point, assume that
you install a high lift hydraulic camshaft in your standard
production engine and use the stock valve springs. It isn’t
going to work properl—no spring load, spring likely to go
solid, break, etc. There’s nothing wrong with the camshaft or
the springs, they just aren’t going to work together.

In performance troubleshooting, the first step in finding any
problem is to read as much about it as you can so that you
better know what to expect. Note that defining your
problem isn’t the first step.

Refer to ‘Camshaft and Valve Gear’ section of this chapter
for camshaft and valve gear performance tips. These tips
are particularly good for finding which spring to use with
various camshafts, and which camshaft to use for various
applications. For many years Mopar Performance Parts has
put together parts packages for racing at various
performance levels. These packages appear in Chapter 8§,
Off-Roading and Racing. All the parts needed to achieve
each level are listed by part number as they apply.

Unfortunately, not all racers seem able to reach the
performance level listed when they use the parts. Then, of
course, the vehicle, engine, or Mopar Performance Parts is
blamed. Troubleshooting race vehicles can be very difficult
and, in many cases, an expert is required on the spot. Who’s
the “expert” going to be? Well, if you want to solve your
problem without spending a lot of money and in a
reasonable amount of time, you’ll use this book.

YEAR-END CHECKS

At the end of the race year there are several things that you
should check. Some items can change and should be
checked on all engines, while other items don’t really
change but need to be known exactly. Any of the following
items that you don’t know specifically, be sure to find out
before you put the race vehicle into storage.

The list is as follows: exact TDC, total timing as run (no
vacuum), as-installed camshaft centerline, finish line rpm
as-raced, electric fuel pump delivery rate, as-raced battery
voltage, torque converter stall speed, weight distribution.
Each one should be recorded on your engine/vehicle log
sheet for future reference.
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TDC Check

As you approach the end of the racing season, you
hopefully have a completed, running engine. It may have
been running for one year or carried over for the last year
or two. In any case, you’ll be putting it away shortly. Since
the engine is probably running well, you wouldn’t likely
check much on the engine. However, because it is running
correctly, this is the best time to check things out.

One of the things to check is the TDC mark. This is
particularly critical if the damper has been off the engine or
replaced. Most people don’t check TDC on a race-ready
engine because the cylinder head is on. Mopar Performance
Parts positive stop TDC indicator tool (P4349737) is
designed to check TDC with the head in place. Although
using a degree wheel is best, we’ll just use masking tape
because it’s simple and cheap.

Install masking tape (about one inch wide) on the damper
with at least three inches of tape on either side of the timing
mark. Remove all the spark plugs and install the positive
stop TDC indicator tool in the No. | spark plug hole with
the piston near the bottom. Rotate the engine clockwise and
gently bring the piston up against the stop. On the masking
tape, place a mark directly opposite the “0” on the timing
tab. Then rotate the engine counterclockwise and repeat the
procedure by placing a second mark on the tape. Measure
the distance from the timing mark on the damper to each
mark on the masking tape. The two distances should be
exactly the same. If not, re-mark the damper as required and
use timing tape (P4529070) to line up with the new mark.

Leak Checking

At the end of the race season, it’s a good idea to check the
overall condition of the engine. This is best done using a
leak checking gauge. If the engine was leak tested when it
was built, or last year during the racing season, then the
new numbers can be compared to the old ones for added
information. Always use the same leak tester. You can be
fooled by switching gauges.

Leak checking is a valuable tool that can reveal a great deal
about engine condition, but it doesn’t provide all the answers.
To leak test your engine, you’ll need a source of 90-100 psi
compressed air, a couple of hoses and a leak tester. All the
spark plugs should be removed from the engine. Starting
with the No. [ cylinder, the piston is brought to TDC on the
compression stroke so that both valves are closed. The spark
plug fitting is screwed into the plug hole and sealed. A quick
disconnect fitting is usually used to connect the plug fitting
to the leak tester. Then compressed air is connected to the
tester and the gauge zeroed to give an accurate reading. Then
the cylinder fitting is connected and the gauge will read the
percent of cylinder leakage.

With everything still connected, any severe leakage can be
pinpointed by removing the radiator cap, air cleaner, and
crankcase oil filler cap.

I. Air escaping through the carburetor or throttle body
indicates a poorly seated or bent intake valve.

[N

Air escaping through the tail pipe or headers indicates
a bad, bent, or burned exhaust valve.

3. Air bubbling into the radiator indicates a leaking or
blown head gasket.

4. Air escaping through the oil filler pipe indicates bad
piston rings.
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Where it is convenient, the exhaust and intake manifolds
may be removed and the ports taped over with masking tape
to give a better reading on where the air is escaping.

Blow-By

Blow-by is a loss of compression pressure and the resulting
increase in oil consumption and smoking. This is very bad
and should be minimized. It is a good indication that there
is room for improvement in the engine’s output and power.
Portable blow-by meters are available.

STORAGE

In Storage

At the end of the racing season, it’s time to consider putting
the engine away. This usually amounts to five or six months
of storage. This length of storage should not be taken
lightly, relative to a precision racing engine. Since the
engine is built and maintained with care, it should be stored
with care.

To this end, there are several steps that we’d recommend.
First, remove all the plugs and add a teaspoon of oil to each
cylinder through the plug hole. Then rotate the engine with
the starter and reinstall the plugs. Drain the water from the
radiator and the block. Disconnect both leads from the
battery (it should be charged once a month during its
storage). Drain the gas out of the carburetor/throttle body
(if equipped) and the fuel tank. Next, cover the
carburetor/throttle body and the collector exits (options). If
the engine has a 550" lift or higher camshaft, then the
rocker arms or rocker arm and shaft assemblies should be
removed and stored separately. This allows all the springs
to sit on the valve seat (closed position) instead of several
being open and possibly losing spring load. It also allows
all the valves to be closed, which helps keep moisture
(condensation) out of the cylinders. Finally, store the
engine (vehicle) in a warm and dry area that is maintained
at room temperature. Second choice would be an area that
is heated and kept above 4.5 degrees (approx.). In colder
areas you might consider storing the vehicle on top of
plywood sheets instead of directly above a concrete floor.
You can also place a large sheet of Styrofoam insulation on
the floor (below the engine, transmission, and axle areas).

Out of Storage

When bringing your race vehicle/race engine out of storage
in preparation for the racing season, it is time to consider
rebuilding the engine, reworking the chassis to install
bigger tires, improving weight distribution, and other
performance changes. These are basically major projects.
There are many minor items that are often overlooked.
Even though they may be “minor” relative to rebuilding the
vehicle or engine, their negative effects on performance can
be very high!

We’ll assume that the engine has been in storage for 4 or 5
months and is being readied for the upcoming race season
without being rebuilt. It’s also assumed that the engine will
be raced consistently once the season starts. In this case, the
major thing to check is the bearings —both rods and mains.
You should also leak test the engine to make sure that one
of the rings didn’t “stick” during the winter. The next item
is to replace the distributor cap and rotor. Chances are they
ran all last year without being replaced. It’s also a good idea
to replace the oil filter after winter storage. It can be done
before start-up or after start-up when the oil is changed, but
before it’s taken to the track. Also, check all the rubber
hoses for cracks or hardness (loss of flexibility). Finally,
check the spark plug wires, especially the ends. Plug wires
get dirty or corroded, insulation gets cracked and the ends
get torn up. If there’s any question, replace the wire. It’1l
only cause trouble later on that you may not be able to
diagnose properly in the heat of battle.

Engine Restarting

The lubrication system should be checked to ensure that it
is supplying pressure to the bearings before any attempt is
made to start the engine. If the engine is run, even for a few
seconds, without oil pressure, there will be extensive
damage done to the engine.

After installing a mechanical oil pressure gauge, all the
spark plugs should be removed in order to relieve the
compression in the cylinders and to prevent the engine from
starting. The engine should be turned over with the starter
motor until the oil pressure gauge shows a reading of at
least 6 psi.

Once you have determined that the engine does have oil
pressure, the spark plugs may be reinstalled and the engine
may be started. When the engine starts, the gauge should
show a minimum reading of 13 psi at curb idle (600 rpm),
and 37-75 psi at 1,600+ rpm.
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1989, 4.0L ENGINE SPECIFICATIONS

Note: The following information has been reprinted from the 1989Jeep Cherokee Service Manual.

Camshaft

Tappet Clearance . . . . . .. oo ittt
End Ploy. . . ... e

Bearing Clearance

Bearing Journal Diameter
No. 1
No. 2
No. 3
No. 4
Base Circle Runout . .. .................
Cam Lobe Lift. . ... ... ... .. i

Valve Lift. . ... ... . . . e

Intake Valve Timing

Exhaust Valve Timing
OPENS . o it it e e e e
Closes .+ v v v it e e e
Valve Overlap . . . . . . oo oo i i
Intake Duration . ... .. ...t

Exhaust Duration . ............ .. ... .. ......

Zero Lash (Hydraulic tappets)

Zero (engineoperating)

0.025-0.076 mm

51.54-51.56 mm
51.28-51.31 mm
51.03-51 .05mm
50.78-50.80 mm

0.03 mm (max)
6.43 mm

10.76 mm

0.001-0.003 in.

2.029-2.030 in.
2.019-2.020 in.
2.009-2.010 in.
1.999-2.000 in.
0.001 in. (max)
0.253 in.

0424 in.

15° BTDC
75°ABDC

59 BBDC
31° ATDC

46

270"

270"

Crankshaft

End Play. . ... ..

Main Bearing Journal
Diameter . . ... .. ... ..

Main Bearing Journal Width
No. b o e e e
NO.3 L it e
NO. 2-4-5-6-7 . . . o e

Main Bearing Clearance . . .. .. ................

Connecting Rod Journal
Diameter . . . ... . . ... i e

ConnectingRod Journal
Width .. ... .

Maximum Out-of-Round
(All Journals) . ... ...t

Maximum Taper
(All' Journals)

0.038-0.165 mm  0.0015-0.0065 in

63.489-63.502 mm 2.4996-2.5001 in.

27.58-27.89 mrn
32.28-32.33 mm
30.02-30.18 mm

0.03-0.06 mm
(0.051 mm
preferred)

53.17-53.23 mm

27.18-27.33 mm

0.013 mm

0.013 mm

1.086-1.098 in.
1.271-1.273 in.
1.182-1.188 in.
0.001-0.0025 in.

(0.002 in.
preferred)

2.0934-2.0955 in.

1.070-1.076 in.

0.0005 in.
0.0005 in.

T 71T
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Cylinder Block

239.49-239.64 mm
0.546 mm (below block)

Deck Height. . . ... .. .. . .
Deck Clearance.

Cylinder Bore Diameter

(standard) . . .. ... ... 98.42-98.48 mm
MaximumTaper. . ... .. ... 0.025 mm
Maximum Out-of-Round . .................... 0.025 mm

23.000-23.025 mm

0.03/25-0.05/152 mm
(0.20 mm mox)

Tappet Bore Diameter. . ... ...................

Cylinder Block Flatness

9.429-9.435 in.
0.0215 in. (below block)

3.8751-3.8775 in
0.001 in.
0.001 in.

0.9055-0.9065 in.

0.001/1-0.002/6 in.
(0.008 in. mox)

Connecting Rods

Total Weight (less bearings)

Total Length
(renter-to-center)

155.52-155.62 mm

657-665 grams

6.123-6.127 in.

Piston Pin Bore Diameter. . . ... ................ 23.59-23.62 mm 0.9288-0.9298 in.
ConnectingRod Bore

(lessbearings). . . . . ..o 56.09-56.08 mm 2.2085-2.2080 in.
Bearing Clearance . . ... .. ... ... ... ... ... 0.03-0.08 mm 0.001-0.003 in.

(0.044-.05 mm preferred) (0.0015-0.002 in. preferred)

Side Clearance . . ... ... ... nnnnn 0.25-048 mm 0.010-0.019 in.
Maximum Twist . . . ... ... 0.025 mm per 254 mm 0.001 in. per inch
Maximum Bend . . ......... ... s 0.0127 mm per 254 mm 0.0005 in. per inch
Cylinder Head
Combustion Chamber Volume . . . .. ... ........... 64.45-67 45¢c
Valve Arrangement . . . . . ... ... El-{E-IE-EI-EI-IE
Valve Guide ID (Integral) . . . . . . ... oo 79 mm 312 in.
Valve Stem-to-Guide Clearonce . . . . ... ... ........ 0.03-0.08 mm 0.001-0.003 in.
Intake Valve SeatAngle. . . ... ... ... .. ... ... ... 44.5'
Exhaust Valve Seat Angle. . ... ... .............. 445"
Valve Seat Width . . . . .. ... ... .. ... ... .. 1.02-1.52 mm 0.040-0.060 in.
Valve Seat Runout. . . ............. . .. 0.064 mm 0.0025 in.
Cylinder Head Flatness . . . . . .................. 0.03/25-0.05/152 mm 0.001/1-0.002/6 in.

(0.20 mm max)

(0.008 in. max)

Oil Pressure

At Idle Speed (600rprn) . . . . . . .. 13 psi
At1600+ rpm . . . . 37-75 psi
Oil Pressure Relief. . . ... ... .. ... .. ... ..... 75 psi

89.6 kPa
255.1-517.1 kPa
5171 kPa
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Oil Pump

Gear-to Body Clearance
(Radial) . ..........

Gear End Clearance, Plastigage

Gear End Clearance
Feeler Gauge. .......

0.051-0.102
(0.051 mm preferred)

0.051-0.152
(0.051 mm preferred)

0.1016-0.2032 mm
(0.1778 preferred)

0.002-0.004 in.
(0.002 in. preferred)

0.002-0.006 in.
(0.002 in. preferred)

0.004-0.008 in.
(0.007 in. preferred)

Pistons

Weight (less pin) . . .. . ...

Piston Pin Bore

Centerline-to-Piston Top . . ......... .. ...

Piston-to-Bore Clearance . . .

Piston Ring Gap Clearance —
Compression (both) . . . . .

Piston Ring Gap Clearance —
Oil Control Steel Rails . .

Piston Ring Side Clearance —
No. 1

No. 2 Compression . . . . .

Qil Control .. .......

Piston Ring Groove Height
Compression (both) . . . . .
Qil Control . ........

Piston Ring Groove Diameter
No.1andNo.2. ......
Qil Control . ........

Piston Pin Bore Diameter. .

Piston Pin Diameter . . . ...

Piston-to-Pin Clearance . . . .

Piston-to-Pin Connecting Rod

ompression. . . ..

510-514 groms

41.9442.04 mm

0.023-0.043 mm
(0.030-0.033 mm preferred)

0.25-0.51 mm

0.25-0.64 mm

0.043-0.081 mm

(0.043 mm preferred)
0.043-0.881 mm

(0.043 mm preferred)
0.03-0.20 mm

(0.08 mm preferred)

2.019-2.045 mm
4.784.80 mm

88.30-88.55 mm
90.35-90.60 mm

23.642-23.655 mm
23.632-23.645 mm

0.008-0.01 3 mm loose
(0.013 mm preferred)

8.9kN press-fit

1.651-1.655 in.

0.0009-0.0017 in.
(0.0012-0.0013 in. preferred)

0.010-0.020 in.

0.010-0.025 in.

0.0017-0.0032 in.
(0.0017 in. preferred)
0.0017-0.0032 in.
(0.0017 in. preferred)
0.001-0.008 in.
(0.003 in. preferred)

0.0795-0.0805 in.
0.188-0.1895 in.

3,476-3.486 in.
3.557-3.566 in.

0.9308-0.9313 in.
0.9304-0.9309 in.

0.0003-0.0005 in. loose
(0.0005 in. preferred)

2000 Ibf press-fit
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Rocker Arms, Push Rods and Tappets

RockerArm Ratio . . . . . . . ... o i e e 1.6:1
PushRodLength. .. ......... ... inenn. 244 .856-245.364mm 9.640-9.660 in.
Push Rod Diameter . . ... .................... 7.92-8.00mm 0.312-0.315 in.
Hydraulic Tappet Diameter . . .. ... .............. 22.962-22.974mm 0.904-0.9045n.
Tappet-to-Bore Clearance . .. .................. 0.03-0.05mm 0.001-0.0025in.
Valves
Valve Length

(Tip-to-Gauge Dim. Line)

(Intake) = v v v v e 122.4-122.8mm 4.822-4.837in.
(Exhaust) . . ... oviin it e e 122.8-123.2mm 4.837-4.852in.

Valve Stem Diameter . . .. ... ...... ... ... 7.9 mm 3.12in.
Stem-to-GuideClearance . . . . .« v v v vt i i e e 0.03-0.08 mm 0.001-0.003in.
Intake Valve Head Diameter. . . . ... ... .......... 48.5mm 1.9 in.
Intake Valve Face Angle . . ... ...... ... 45°
Exhaust Valve Head Diameter . . . . ... ... ......... 38 mm 1.50 in.
ExhaustValve FaceAngle . . . . .. ... . ... .. 45"
Maximum Allowable Removedfar )

Tip Refinishing . . ... ..., 0.25mm 0.010in.
Valve Springs
Free Length . . ..o i it 46.22 mm opprox. 1.8in. approx.
Spring Tension

Valve Closed . . ... ... ... 293-329 N at 41.2 66-74Ibfat 1.625

Valve OpeN . . v v it ettt ettt e e 91 1-978 N at 30.4 205-220 Ibf at 1.200
Inside Diameter . . . ... ... ... . ... 24.08-24.59mm 0.948-0.968n.

T T
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1989, 4.0L ENGINE TORQUE SPECIFICATIONS

Note: The following information has been reprinted from the /989 Jeep Cherokee Service Munuul.

Component Torque

A/C Compressor Brocket-to-Engine Bolts 34 Nem (25ft-Ibs)
A/C Low Pressure Service Valve Nut 38 Nem (28 ft-Ibs)
Alternator Adjusting Bolt 24 Nem (18ft-Ibs)
Alternator Pivot Bolt/Nut 38 Nem (28ft-Ibs)
Camshaft Sprocket Bolt 108 N+m (80ft-Ibs)
Connecting Rod Bolt Nuts 45 N'm (33ft-Ibs)
Crankshaft Main Bearing Bolts 108 Nem (80ft-Ibs)
Crankshaft Pulley-to-DamperNut 27 Nem (20ft-Ibs)
Cylinder Head Bolts (#1-10 & #12-14) 149 Nem (110ft-bs)

(#11) 135N m (100ft-lbs)
Cylinder Heod Cover Bolts 6 Nem (55in-lbs)
Exhaust Manifold-to-Downpipe Nuts 27 Nem (20ft-Ibs)
Flywheel/Converter Housing Bolts 38Nsm (28ft-Ibs)
Fuel Pump Bolts 22 Nem (16t-Ibs)
Oil Pan Bolts - 1/4-20 9 Nem (7ft-lbs)

-5/16-18 15Nem (11 ft-Ibs)

QOil Pan Drain Plug 4 Nm (30ft-Ibs)
Oil Pump Attaching Bolts (Short) 14Nm (10ft-Ibs)
Oil Pump Attaching Bolts (Long) 23 Nem (17ft-Ibs)
QOil Pan Cover Bolts 8 Nem (70in-Ibs)
Power Steering Pump Pressure Hose Hut 52 Nem (38ft-Ibs)
Rocker Arm Assembly-to-Cylinder Head 26 Nem (19ft-Ibs)
Spark Plugs 38Nm (28ft-Ibs)
Starting Motor-to-Cylinder Block Bolts 45 Nem (33ft-Ibs)
Timing Case Cover-to-Block Bolts 7 Nem (62 in-Ibs)
Vibration Damper Bolt (Lubricated) 108 Nem (80ft-Ibs)

T
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1999,4.0L ENGINE SPECIFICATIONS
Note: The following information has been reprinted from the 1999Jeep Cherokee Service Manual.
Engine Description Camshaft
Engine Type. «....vvvvvvnnn In-line 6 Cylinder Main Bearing Journal
Bore and Stroke . ... ... ... 98.4x 86.69 mm WidthNo. 1 .............. 27.58to 27.89mm
(3.88 3.4131in.) (1.0860 1.098in.)
Displacement. ................ 4.0L (242cu. in.) Main Bearing Journal
Compression Ratio ........c.ooiiiinn... 8.8:1 WidthNo. 3 .............. 32.28to 32.33 mm
Firing Order «....vvvvevnvnennnn. 1-5-3-6-2—4 (1.271to 1.273in.)
Lubrication . . . . Pressure Feed—Full Flow Filtration Main Bearing Journal
Cooling System . . Liquid Cooled—Forced Circulation Width No. 2-4-5-6-7......... 30.02to 30.18rpm
Cylinder Block .....cvvvuvvinnnnennn. Cast Iron , _ (1.182to 1.188in.)
Crankshaft ................. Cast Nodular Iron Main Bearing Clearance ....... 0.03to 0.06mm
CylinderHead. ..............cotttn Cast Iron . . (0.001to 0.0025in.)
Camshaft ............cciin.s. Cast Iron Main Bearing Clearance (Preferred) ... 0.051 mm
Pistons .....vvvviiiiiiiinenn Aluminum Alloy C ting Rod J I (0.002in.)
; ) onnecting Rod Journa
Comectng Rods -+ -1 1Caii Malleable Jron  DIEMEIET. 1+ 531710 53.23 mm
(2.0934to 2.0955 in.)
tngine Specifications Connecting Rod Journal
Width ............cvas. 27.18to 27.33mm
Camshaft (1.070to 1.076in.)
Hydraulic Tappet Clearance ......... Zero Lash Out-of-Round (Max. All Journals) . . ... 0.013mm
Bearing Clearance .......... 0.025 to 0.076 mm (0.0005in.)
. ] (0.001to 0.003 in.) Taper (Max. —All Journals) ......... 0.013mm
Bearing Journal Diameter - (0.0005n.)
No.1..... 51.54t0 51.56 mm (2.02%o0 2.030 ln) Cylinder Block
No.2..... 51.28to 51.31mm (2.01%o 2.020in.) Deck Height . ............ 240.03 to 240.18mm
No.3..... 51.03to0 51.05mm (2.00%0 2.010in.) (9.450to 9.456in.)
No. 4..... 50.78to 50.80mm (1.999%o 2.000 in.) Deck Clearance (Below Block)........ 0.546mm
Base Circle Runout ........... 0.03mm - max. (0.0215in.)
_ (0.001in. - max.) Cylinder Bore Diameter —
Valve Lift ............... 10.29mm (0.405n.) Standard. ............ ..., 98.45t0 98.48 mm
Intake Valve Timing (3.875%0 3.8775 in.)
OPENS ovvvinrinnrnnnrennnns 12.4"BTDC Cylinder Bore Diameter —
Closes .......coiiiiiiiiiiinas, 60.9° ABDC Taper (Max.). cvveeeeneenennennnn. 0.025mm
Exhaust Valve Timing (0.001in.)
Opens ...oovviiiiiiiiiiinnnann, 49.8BBDC Cylinder Bore Diameter —
ClOSES. vvvvnnrrinnrinnnennnens 29.2" ATDC Out-of-Round .................... 0.025 mm
Valve Overlap ........coovviiviiinnn. 4.6" (0.001in.)
Intake Duration ..................... 253.3" Tappet Bore Diameter .. ... 23.000 to 23.025 mm
Exhaust Duration ...............cuuns. 259." (0.9055t0 0.9065 in.)
Crankshaft Flatness ................ 0.03mm per 25 mm
EndPlay ................. 0.038to 0.165 mm (0.00Lin. per lin.)
(0.0015to 0.0065 in.) Flatness ..........c..... 0.05mm per 152 mm
Main Bearing Journal (0.002in. per 6in.)
Diameter No. 1-6......... 63.489to 63.502 mm Flatness Max. ....0.20mm max. for total length

(2.49960 2.5001 in.)
Main Bearing Journal
Diameter No. 7 .......... 63.449t0 63.487mm
(2.4980t0 2.49951n.)

(0.0081in. max. for total length)

Main Bearing Bore
Diameter ............. 68.3514t0 68.3768 mm
(2.691to 2.692in.)

Connecting Rods

Total Weight (Less Bearing) ... 657to 665 grams
(23.170 23.450z.)
Length (Center-to-Center) .. 155.52to 155.62mm
(6.123to 6.127in.)
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Camshaft
Piston Pin Bore Diameter . ... 23.59to 23.62mm
(0.928%0 0.9298in.)
Bore (Less Bearings) ........ 56.08to 56.09mm
(2.2080¢0 2.2085in.)
Bearing Clearance ... ....... 0.025to 0.076mm

(0.00%o 0.003in.)
Bearing Clearance

(Preferred) ............... 0.044to 0.050 mm
(0.001%0 0.0020in.)

Side Clearance .............. 0.25to 0.48mm
(0.010 0.019n.)

Twist Max.). ... vvvennvnnnn 0.001lmm per mm
(0.001in. per inch)

Bend (Max.) ............... 0.001lmm per mm

(0.001in. per inch.)
Cylinder Compression Pressure

Ratio ... 8.8:1
Pressure Range ............. 827to 1,03%Pa
(120to 150psi)
Max. Variation Between Cylinders .. ... 206 kPa
(30psi)

Cylinder Head
Combustion Chamber . ........ 52.22to 58.22cc
(3.3%o 3.55cu. in.)
Valve Guide 1.D. (Integral) .. ... 7.95to 7.97mm

(0.313to 0.314in.)
Valve Stem-to-Guide

Clearance ............uu.. 0.025to 0.076mm
(0.00%o 0.003 in.)

Intake Valve SeatAngle ................ 44 .5"
Exhaust Valve SeatAngle .............. 44.5°
Valve Seat Width. ............ 1.02to 1.52mm
(0.04G0 0.060in.)

Valve Seat Runout ....... 0.064mm (0.0025n.)
Flatness ................ 0.03mm per 25 mm
(0.00Ln. per 1in.)

Flatness ............... 0.05 mm per 152 mm
(0.002 in. per 6in.)

Flatness Max. ... 0.20mm .max. for total length

(0.004n. max. for total length)
Rocker Arms, Push Rods & Tappets

RockerArm Ratio ..................... 1.61
Push Rod Length ....... 244 .856to 245.364mm

(9.6400 9.660in.)
Push Rod Diameter ........... 7.92to 8.00mm

(0.31%20 0.315in.)

Hydraulic Tappet Diameter .. 22.962to 22.974mm
(0.9040 0.9045in.)

Tappet-to-Bore Clearance ....0.025to 0.063 mm
(0.00%o 0.0025 in.)

Valves
Length (Tip-to-Gauge Dimension Line)
Intake ............... 122.47%t0 122.860mm

(4.822to 4.837in.)

Length (Tip-to-Gauge Dimension Line)

Exhaust. ............. 122.860to 123.241mm
(4.83%0 4.852in.)
Valve Stem Diameter. ....... 7.899to 7.925mm
(0.311to 0.312in.)
Stem-to-Guide Clearance . . . .. 0.025to 0.076mm

(0.00%o 0.003in.)
Valve Head Diameter —
ntake .................. 48.387to 48.641mm
(1.90%0 1.915in.)
Valve Head Diameter —

Exhaust. ............... 37.973to 38.227mm
(1.49%0 1.505in.)
Valve Face Angle—Intake ................ 45"
Valve Face Angle—Exhaust............... 45"
Tip Refinishing (Max. Allowable) ...... 0.25mm
(0.010Gn.)
Valve Springs

Free Length (Approx.) ..... 47.65mm (1.87an.)

Spring Tension—
Valve Closed ....... 3l6to 351N @ 41.656mm

(71to 791bf. @ 1.64in.)
Spring Tension —

Valve Open ........ 898.6to 969.7N 30.8%mm
(202to 218 1bf@ 1.216in.)
Inside Diameter ......... 21.0mm to 21.51mm
(0.82%0 0.847in.)

Pistons
Weight (Less Pin) ........... 417to 429 grams

(14.7%0o 15.10z.)
Piston Pin Bore

(Centerline to Piston Top) . . . . 40.61to 40.72mm
(1.59%0 1.603in.)
Piston-to-Bore Clearance . . . .. 0.018to 0.038mm

(0.00080 0.0015in.)

Ring Gap Clearance—
op Compression Ring ....... 0.22%0 0.610mm
(0.009%to 0.0240in.)

Ring Gap Clearance —
2nd Compression Ring . ..... 0.483to 0.965mm
(0.019Q0 0.03801n.)

Ring Gap Clearance—
Oil Control Steel Rails ...... 0.254t0 1.500mm
(0.01Co 0.060in.)

iing Side Clearance —
Compression Rings ......... 0.042to 0.084mm
(0.001%0 0.0033in.)

Fling Side Clearance —
Oil Control Rings ............ 0.06to 0.21mm
(0.0024to 0.0083 in.)

Piston Ring Groove Height —

Compression Rings . ........ 1.530to0 1.555mm
(0.06020 0.0612in.)
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Piston Ring Groove Height
Oil Control Ring ........... 4.035 to 4.060 mm
(0.1589 to 0.1598 in.)
Piston Ring Groove Diameter —
No.1 CompressionRing . ..... 88.39 to 88.65 mm
(3.48t0 3.49 in.)
Piston Ring Groove Diameter —
NO0.2 Compression Ring. .. ... 87.63 to 87.88 mm
(3.45 to 3.46 in.)
Piston Ring Groove Diameter —
Oil ControlRing ........... 89.66 to 89.92 mm
(3.53to0 3.54 in.)
Piston Pin Bore Diameter ..23.650 to 23.658 mm
(0.9312 to 0.9315 in.)
Piston Pin Diameter ...... 23,637 to 23.640 mm
(0.9306 to 0.9307 in.)
0.0102 to 0.0208 mm
(0.0005 to 0.0009 in.)
Piston-to-Pin Connecting Rod
(Press Fit). ..o vvviio 8.9 kN (2000 Ibf.)

Piston-to-Pin Clearance :...

Oil Pump

Gear-to-Body Clearance

(Radial) . oovvvvnnnns

Gear-to-Body Clearance
(Radial) (Preferred) .. ..
Gear End Clearance—

Plastigage . ...........

Gear End Clearance —
Plastigage (Preferred) ..
Gear End Clearance-—
Feeler Gauge . ........

Gear End Clearance —
Feeler Gauge (Preferred)

Oil Pressure

At Idle Speed (600 rpm) .

At 1600rpm & Higher ..

Oil Pressure Relief .. ...

...0.051mm (0.002 in.)

...0.1016 to 0.2032 mm

...... 89.6 kPa (13psi)

....0.051t00.102 mm
(0.002 to 0.004 in.)

....0.051t00.152 mm
(0.002 to 0.006 in.)

...0.051 mm (0.002 in.)

(0.004 to 0.008 in.)
.. 0.1778 mm (0.007 in.)
....... 255to 517 kPa

(37 to 75 psi)
...... 517 kPa (75 psi)
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1999,4.0L ENGINE TORQUE SPECIFICATIONS

Note: The following information has been reprinted from the 71999 Jeep Cherokee Service Manual.

TORQUE SPECIFICATIONS
DESCRIPTION
A/C Compressor Bracket-to-Engine

| 270) 1 34 N'm (25 ft. 1bs.)
A/C Compressor

Mounting Bolts ............ 27 N'm (20R. Ibs.)
AIC Low Pressure Service Valve

L 38 N'm (28 R. 1bs.)
Block Heater

Nut .o 2 N'm (16 in. Ibs.)
Camshaft Sprocket

7o) | A 68 N'm (50 R. lbs.)
Camshaft Thrust Plate to Cylinder Block

SCrews. v eei e innnnn 24 N-m (18 R. 1bs.)
Clutch Cover to Flywheel

BOIS vevvieeiiinnaennnnn. 54 N-m (40 R. lbs.)
Coil Bracket to Block

Bolts .. ..o i 22 N-m (192 in. 1bs.)
Connecting Rod

NUtS ternniiiiiinnnns 45 N‘m (33 R. 1bs))
Cylinder Block

Drain Plugs ............... 34 N'm (25R. 1bs.)
Cylinder Head

Bolts vovviiiiii 135N'm (100R. lbs.)
Cylinder Head Cover

Bolts oovviiiiiiiiiiiiaa 10 N'm (85in. lbs.)
Distributor Clamp

Bolt ...iiiiiiiii 23 N'm (204 in. lbs.)
Engine Mounts—Front

Support Bracket Bolts . ... ... 61 N-m (45R. Ibs.)

Support Cushion Bolts/Nuts ..41 N:m (30R. Ibs.)

Support Cushion Bracket Bolts. ........ 54 N'm

(40 R. 1bs.)
Support Cushion Bracket Stud Nuts ...... 41 N'm
(BOR. 1bs.)

Support Cushion Thru-Bolt . .. 65 N-m (48 ft. 1bs.)

Engine Mounts—Rear

Crossmember-to-Sill Bolts (Automatic) .. .41 N-m
(30R. 1bs.)

Insulator Stud Assembly Nut .41 N-m (30 ft. 1bs.)

Support Cushion/Crossmember Nuts ....22 N'-m

(192 in. Ibs.)

Support Cushion/Bracket Nuts (Manual) . 75 N-m
(55R. 1bs.)

Transmission Support Bracket Bolt

(Manual). . ......oviunnn 46 N'm (34R. 1bs.)

Transmission Support Bracket/Cushion Bolt

(AWD AUt0) +vvviennnnnn. 75 N-m (55R. 1bs.)

Transmission Support Adaptor Bracket Bolts

(2WD Auto) .............. 75 N'm (55R. Ibs.)

TORQUE

Exhaust Manifold/Pipe

NULS toeriiiiiniianennns 27 N-m (20 ft. 1bs.)
Flywheel to Converter Housing

BOMS «eveeeeeennnnns 38 N'm (28 R. Ibs.)
Flywheel to Crankshaft

Bolts .......covviiin 143 N'm (105 R. 1bs.)
Front Cover-to-Block

Bolts 1/4-20 ............... 7 N'm (60 in. lbs.,

Bolts 5/16-18 ............ 22 N'm (192 in. lbs.,
Fuel Rail

Bolte/Stud ., .............. 12 N'm (108 in. lbs.’
Generator

FixedBolt ................ 24 N'm (18 fi. lbs.

Thru Bolt/Nut ............. 38 N'm (28 R. 1bs.
Main Bearing Cap

Bolts . ....iiiiiiiiaea 108 N-m (80 R. lbs.)
Main Bearing Brace

NUES teveerenernnennennn. 47 N-m (35R. lbs.)
Oil Filter

Filter .................. 18 N'm (156 in. lbs.)

Connector (to adaptor) ...... 47 N'm (35R. 1bs.)

Connector (toblock) ........ 68 N'm (50 ft. lbs.)

Adaptor Bolts . ........... 102 N-m (50 R. lbs.)
Oil Galley

Plug .ovvivvinnnnennnnn. 41 N'm (30 R. 1lbs.)
Oil Pan

1/420Bolts . . ... vve v, 9.5 N'm (84 in. lbs.)

5/16-18 Bolts ............ 15 N'm (132 in. 1bs))

DrainPlug ............... 34 N'm (25 f. 1bs.)
Oil Pump

Short Attaching Bolts ...... 23 N'm (204 in. 1bs.)

Long Attaching Bolts ...... 23 N'm (204 in. 1bs.)

‘over Bolts ............... 8 N'm (70 in. lbs.)

Power Steering Pump Pressure Hose

Nut et 52 N'm (38R. 1bs.)
Rocker Arm Assembly-to-Cylinder Head

CapSCrews .+ v v v vvv v v vnnnnns 30 N'm (21ft. 1bs.)
Spark Plugs

Plugs «.vvviviiniiannnnns 37 N-m (27 R. 1bs.)
Starter Motor

Mounting Bolts . ........... 45 N'm (33R. 1bs)
Thermostat Housing

Bolts .o 18 N'm (156 in. 1bs.)
Throttle Body

Bolts v.vviiiiiiiiiaa 10 N'm (90 in.lbs.)
Vibration Damper

BOItS +vvveevinenneens 108 N-m (80 R. Ibs.)
Water Pump/Block

Bolts ....ovviiiiiiiiant, 23 N'm (17R. 1bs.)
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4.2L IN-LINE 6 (INTRODUCTION) 283

Note: Due to the similarity of 4.21. and 4.0L Jeep engines, only those procedures specific to the 4.2L. engine will be
covered in this chapter. All other 6-cylinder procedures, techniques and modification tips can be found in Chapter 4, 4.0L
Power Tech In-line 6. Therefore, in addition to this chapter, we highly recommend that all 4.2L. engine owners read

Chapter 4 in its entirety.

For additional 4.2L engine general service information, refer to the proper service manual.

Introduction

The 4.2L is an In-line 6 cylinder, carbureted engine
equipped with a micro-computer controlled Fuel Feedback
system. It was produced in 232 and 258 CID versions.

81128A

4.2L Engine Assembly (Cut-Away View)

811286

4.2L Engine Assembly (Typical)
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Block

INTRODUCTION

The 4.2L is an In-line 6 cylinder, carbureted engine
equipped with a micro-computer controlled Fuel Feedback
system. It was produced in 232 and 258 CID versions.
(Refer to the specifications that follow.)

The 4.