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n 1974, America watched 93 cars
get destroyed in a 34-minute car
chase. “Gone In 60 Seconds,” an
independent film written, pro-
duced and directed by and star-

ring Toby Halicki was an otherwise for-
gettable ’70s movie. 

The plot revolved around Mandrian
Pace (Halicki) and his car thief cronies and
the 48 cars that they needed to steal to
meet the demands of a South American
drug lord. Most of the actors in the movie
were Halicki’s family and friends or actual
members of the emergency services they
were portraying, not professional actors.

The real stars of the movie, however,
were not the men and women overacting
and stumbling through dialogue. They
were, in fact, the 48 classic, high-end muscle and luxury cars
that Pace was to steal in less than a week. Cars ranging from
a 1930 Hudson Great 8 to Billy Joel’s 1959 Rolls Royce
Phantom V to Richard Petty’s 1972 Plymouth Barracuda

were targeted by the gang. Each car on the list was referred
to only by a woman’s name, but none was as coveted as the
yellow 1973 Mustang Mach 1 codenamed Eleanor.

The climactic 34-minute chase scene in the movie was
destructive, dangerous and downright awesome, and caused

significant physical damage to Halicki himself (in fact,
production of the movie had to stop several times while
he recovered from injuries he sustained as he performed
his own driving stunts). But it also is credited with setting
the bar for future cinematic megadestructo-chases (The
“Blues Brothers,” for example) and is still considered one
of the greatest car chases of all time.

In 2000, “Gone In 60 Seconds” was remade with a
new leading thief (Nicholas Cage as Memphis Raines) a
new premise for the thefts and a new list of 50 cars that
had to be stolen in just one night. Again, Eleanor was the
real star of the movie but this time the leading lady was a
pepper gray with black stripes 1967 Shelby Mustang GT
500.

This version of the film was even more forgettable and
had a less impressive climactic chase than the original, but
it did one thing very well. It made the GT 500 – and
specifically, Eleanor – a superstar.

I
B Y  D O U G  K A U F M A N ,  E D I T O R

dkaufman@babcox.com

Gessford Machine took the original Shelby 427 engines and bored
and stroked them to produce 511 cubic inches.

In 2001 a group of Texas businessmen came to an agreement with Shelby
Automotive, Inc. to begin building 1967 and 1968 Mustang GT 500Es as
Shelby Continuation Vehicles.
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“The car became a huge hit and in 2001 a group of Texas
businessmen came to an agreement with Shelby Automotive
Inc to begin building 1967 and 1968 Mustang GT 500Es as
Shelby Continuation Vehicles, and Unique Performance was
born” explains Sean Sawyer of Revved Automotive
Concepts in Rhome, TX. “These vehicles were built under
a licensing agreement that gave them a Shelby continuation
serial number and included them in the Shelby registry.
There were to be 400 Windsor stroker-powered vehicles and
75 Stroker Supercharged FE-powered vehicles to celebrate
the original 1967 Shelby Super Snake.

Legal wrangling ensued over the next several years as the
group that owned the rights to the movie sued Shelby and
Unique Performance for trademark infringement on the
“Eleanor” name. Eventually all references to these cars as
Eleanor by Shelby and Unique Performance ceased and they
were referred to only as a “GT 500 E.” Currently the only
company licensed to build cars and call them “Eleanor” is
Classic Recreations in Yukon, OK which builds a licensed
“Gone in Sixty Seconds” edition of these cars with the bless-
ing of the group that owns the name.

Although the Unique Performance cars were built with
top of the line components, Sawyer says, many of those parts
required extensive modification to fit or were not the cor-
rect part for the application in which they were being used.
“We began to redesign many of the vehicle systems once we
realized that we weren’t just experiencing parts failures but
complete system failures due to poor design.

“I hired in to Unique Performance in late 2006 to han-
dle post delivery customer service, technical support, and to
build a quality control program,” Sawyer says. “Over the next
few months this quickly snowballed into building a warran-

ty department, a tuning depart-
ment, and recruiting Jason Delago,
the newly hired head of the
“Special Projects” group to help
re-engineer the cars to fix the mul-
titude of production issues we
were experiencing with cars in the
field and in cars that had been sent
back for warranty repairs.”

The first 23 Super Snakes uti-
lized Shelby 468 cid supercharged
engines built with Shelby alu-
minum 427 FE blocks, heads and
intake manifolds. Later they
received Shelby-licensed 482 cid
supercharged FE engines built by
Keith Craft Racing with Shelby
aluminum blocks, ported
Edelbrock heads and ported
Edelbrock intake manifolds. 

“The early 468 engines have
some internal issues, such as a
compression ratio of 10.5 or 11:1

used with a supercharger that can produce 8 lbs. that require
us to rebuild every one of the early engines to a more boost
friendly level,” says Sawyer. “We also offer an upgrade to
CNC ported Edelbrock heads that have a much higher air-
flow than the stock Shelby head.” 

Rebuilding a Classic –
And a Reptutation
Sawyer says it was a tough road unraveling the issues with
these vehicles. “UP started building the FE-powered Super
Snakes in 2003 and by 2006 the people working here before
us had still not been able to figure out the problems with the
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When they first started slithering, the Super Snakes could barely make 400 hp at the wheels with
a 750 crank hp rating and would overheat in anything above 85 degrees. Once the Gessford Gang
came on board, they were pumping out close to 600 hp and 600 ft.lbs at the wheels and had
redesigned air intakes, cooling systems, ignition systems, correct blow-through carburetors and
replumbed fuel systems.

This engine (and its identical twin, which will be going into anoth-
er Revved GT 500SE) will be force-fed by a Procharger F1-R
centrifugal supercharger and will be intercooled. Fuel manage-
ment will be handled by a FAST XFI sequential fuel injection
system with distributorless ignition operated by a FAST XIM
module. A carburetor box will house the throttle body to retain
the vintage supercharged look. 
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vehicles. They experienced overheating, poor drivability, lack
of power, carburetors flooding out, starters and flywheels
grinding off teeth, the list goes on and on – it really was a
mess for these owners. We started symptom by symptom and
eventually re-engineered every system that UP bolted on the
engine.”   

Sawyer says one of his best moves was to get in contact
with George Anderson at Gessford Machine in Hastings, NE.
The 2004 Engine Builder Machine Shop of the Year and
Independent Authorized Shelby Automobile Dealer has been
in business for 54 years and building winning Shelby 427s for
decades. “We started working with George and Neil Groff
trying to figure out the problems with the Super Snake 427
FE engines. Being the FE experts, they helped us through a
lot of the issues we were dealing with on the cars.”

Still working at Unique Performance, Sawyer, Delago and
their crew had fixed most of the chronic Super Snake ail-
ments by mid-summer of 2007 with the addition of Gessford
power. “When we started, the Super Snakes would overheat
in anything above 85 degrees and were barely making 400 hp
at the wheels with a 750 crank hp rating,” laments Sawyer.
“By November of 2007 we had them making close to 600
hp and 600 ft.lbs at the wheels with redesigned air intakes,
cooling systems, ignition systems, correct blow-through car-
buretors and replumbed fuel systems.  We were finally able to
drive them in stop and go traffic in 100 degree Texas weath-
er without overheating and with enough horsepower to
make a grown man giggle like a schoolgirl. We also upgrad-
ed the drivability with additional oil coolers, new alignment
specs, improved clutch components, and working parking
brakes among others to make them solid street drivable cars
with usable horsepower.”

Unfortunately, although the cars had shown a remarkable

turnaround in quality Unique Performance’s customers soon
felt like they had been targeted by Mandrian Pace or
Memphis Raines. “We found out the hard way that the busi-
ness was too far gone,” Sawyer says.

In early November 2007, the Farmers Branch police
department raided Unique Performance and impounded

every vintage vehicle on the prop-
erty as part of a VIN tampering
investigation. “The only thing I
know that has been proven to this
date is that when Unique
Performance had been restoring
the shells they were not transferring
the physical VIN numbers over to
the new aprons as is common
restoration practice when replacing
an apron,” Sawyer explains. “This
gave the police enough reason to
question whether there was fraud
involved.”

Although the cars were tracked
through production and each car
built with its owner’s selected
options, the police feared that since
there were not intact VINs on many
of the shells the company could
have been swapping shells and titles. 

“Unique Performance had been

The aluminum Edelbrock 427 6008 cylinder heads were pressure checked and the valves and
seats were ground to the following specs: intake: 20/30/45 degrees and exhaust: 30/45
degrees. Gessford used Fel-Pro 1020 head gaskets that are .041˝ thick designed for use with alu-
minum FE heads. 

The Edelbrock 76cc heads were machined for bigger Ferrea valves
(intakes from 2.09˝ to 2.190˝ and exhaust from 1.655˝ to
1.700˝) and CNC ported and flowed.
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struggling with finances for quite some
time at that point and it seems the
police impound put the final nail in the
coffin,” says Sawyer. “They closed the
doors approximately 2 weeks later.  In
their 6 year run they produced approx-
imately 32-34 Super Snakes and
between 100-150 GT500Es,
GT350SRs, Foose Camaros, and Foose
Challengers.” It was rumored there
were nearly 130 contracts for cars that
were unfulfilled.

By virtue of his attention to many of
these customers over the previous year
and gaining their trust by treating them
with respect and helping them with
their vehicles, Sean Sawyer continued
to receive phone calls. Soon they were
referring their friends who also had
taken their high-end custom vehicles to
him for help. 

“Revved Automotive Concepts
came to life simply on the principle that
if you treat people the way you would
want to be treated that they will keep
coming back to you. In early 2008, we

helped several
customers get
their vehicles out
of the police
impound and
c o m p l e t e l y
o v e r h a u l e d
them,” says
Sawyer.    “We
not only have
steady business
upgrading exist-
ing Unique
Pe r fo r mance
vehicles but we
also have three
contracts to
build new
“Super Snakes”
from clients that
had cars on
order with
U n i q u e
Performance.”
R e v v e d
A u t o m o t i ve
Concepts has
recently reached
an agreement

with Shelby Licensing to further help
former Unique Performance
clients by completing the
build of their vehicles with all
of Revved’s upgraded com-
ponents and build processes
and have it recognized as a
Shelby Continuation Vehicle
with the moniker of
GT500SE. 

“Our first of these cars will
be a red with white stripes
GT500SE Super Snake with a
Shelby 427 engine that has
been bored and stroked to
produce 511 cubic inches,”
says Sawyer. “Completed by
the masters at Gessford, the
workup of parts is a collabora-
tion between my shop fore-
man Jason Delago working
with Neil up at Gessford.
They worked together on
researching with manufactur-
ers on the best parts to use,
compression ratio, cam specs,

blower and intercooler choice. Our
goal is a conservative 1,000hp and
1,000 ft.lbs. of torque with around 8-10
lbs. of boost. The blower we are using is
capable of nearly 30 lbs. for those clients
who wish to push the envelope.
Realistically the engine is built to han-
dle considerably more horsepower but
we wanted an engine that would be a
nice driver as well as scare the hell out
of anyone brave enough to mash the
throttle.”

The recipe for Gessford’s team to
build the 511 mill is as follows, accord-
ing to George Anderson. “We started
out with CSX Shelby Signature Big
Bore 4.375˝ blocks from Robert Rice
at Shelby Engines in Gardena, CA.
Rice provides the blocks slightly under
final specification on the cylinder bores,
which Russ Kennedy finishes at
Gessford to the custom Arias Pistons.
These pistons, designed for use with a
blower to our design standards have  -
62 cc D cup, and run .005˝ below the
deck with a 1.320˝ compression dis-
tance. Each cylinder’s swept volume is
63.890 cubic inches.

“The crankshaft is a Scat 511 Steel
Billet 4.250˝ racing crank mated to a set
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How do you stroke a 427 to a 511? Start with CSX Shelby
Signature Big Bore 4.375˝ blocks from Robert Rice at Shelby Engines
in Gardena, CA. The blocks are provided slightly under final specifica-
tion on the cylinder bores, which Russ Kennedy finishes at Gessford to
the custom Arias Pistons. These pistons, designed for use with a blower
to our design standards have  -62 cc D cup, and run .005˝ below the
deck with a 1.320˝ compression distance. Each cylinder’s swept volume
is 63.890 cubic inches. Add a 4.250˝ stroker billet Scat crankshaft and 
6.700˝ Oliver BB Chevy rods.  Incorporate a Felpro 1020 head gas-
ket that is .041˝ thick and run the piston .005˝ below the deck with
a 1.320˝ compression distance on the pistons.

The complete build list for the Shelby 511s can be found
on our Web site at www.enginebuildermag.com. Build
list courtesy of Revved Automotive Concepts, Rhome,
TX and Gessford Machine, Hastings, NE.
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of Oliver Max Rod 6.700˝ I-Beam 454 BB Chevy connect-
ing rods. An Innovators West aluminum harmonic balancer
completes the rotating assembly.

MAHLE Clevite H-series performance engine bearings
in the main and rod bearing locations, as well as Hastings pis-
ton rings designed for use with supercharged engines were
specified as well.”

The Gessford staff includes Neil Groff, Master Engine
Builder, Gessford veteran since 1992; Bert Wright, car
builder/installer for all the CSX cars and other specialty cars
since 1994; Russ Kennedy, block prep and machinist, with
Gessford since 1989; Matt Schmidt, who handles the crank-
shaft work and all the engine balancing since 1990; Tony
Powell, cylinder heads, Gessford employee since 2000;
Shannon Fowler, Shop Foreman and specialty machinist who
can make and fix anything and has been at Gessford since
1992; and George Anderson, who bought Gessford Machine
from Jim Gessford in 1991. “I spent every dime I had from
1967-1969 with Jim building and racing a 1967 Mustang
with a 390 in it,” Anderson says, underscoring his experience
with these iconic cars.

Gessford used Fel-Pro 1020 head gaskets that are .041˝
thick designed for use with aluminum FE heads. The
Edelbrock 76cc heads were machined for bigger Ferrea
valves (intakes from 2.09˝ to 2.190˝ and exhaust from 1.655˝
to 1.700˝) and CNC ported and flowed.

“The Comp Cams hydraulic roller camshaft is custom
designed by Chris Mays at Comp,” says Anderson. “Comp
Beehive springs, Jesel Rockers, Smith Brother Pushrods and
all McLeod Clutch Components were used as well.”

A Pro-Gear Double Roller Extreme Duty timing set,
Melling High Volume oil pump, MSD ignition components
and ported Edelbrock Victor EFI intake manifold were
among the other aftermarket parts used. The engine was
assembled using ARP fasteners.

“This engine (and its identical twin, which will be going
into another Revved GT 500SE) will be force-fed by a
Procharger F1-R cetrifugal supercharger and will be inter-
cooled,” says Sawyer. “Fuel management will be handled by
a FAST XFI sequential fuel injection system with distribu-
torless ignition operated by a FAST XIM module. We have
custom machined pieces to make this system work on an FE-
based engine with a stand-alone crank trigger and utilizing a
modified distributor for a cam signal. A carburetor box will
be used to house the throttle body to retain the vintage
supercharged look. We are fabricating our own 3˝ exhaust
system with a rocker pass through for the side exit exhaust.”

So after the trouble this customer has already gone
through to get his car the first time AND the second time,
what is the engine going to cost? While he wouldn’t be spe-
cific, Sawyer hints at a $32,000-plus price tag for the engine
before the forced induction and EFI. Our guess? The whole
powerplant will land somewhere around the $40k range. 

That’s a lot of money, and Sawyer admits that the engine

is overbuilt – in a good way. “We don’t believe in building
something that looks good but isn’t functional. We overbuild
everything to make it handle anything you want it to do,” says
Sawyer. “Most of our clients have been down the road of
owning cars like this that spend more time in the shop than
on the road. By the time they come to us they understand
that it needs to be done right – or not at all. The long-term
investment value of these vehicles as genuine Shelby’s far out-
weighs the upfront investment for the upgrades.” 

Of course, you don’t have to build to this level to have this
level of professionalism. “With the technology available to
custom car and engine builders today there is no reason why
a 750 hp muscle car can’t be completely streetable,” concludes
Sawyer. “Much of what we do in this industry comes down
to thinking outside the box. The term ‘bolt-on part’ is a mis-
nomer – there is nothing bolt on in this business; you can’t
open a catalog and order parts to build vehicles like this with-
out properly planning out the systems, choosing the right
parts, and spending the time to do it right.  Know what your
end goal for the vehicle is before you start.”

And, as the collaboration between Gessford and Revved
proves, taking the time to do it better can give some pretty
fantastic results as well. EBTG

The crankshaft is a Scat 511 steel billet 4.250˝ racing crank mated
to a set of Oliver Max Rod 6.700˝ I-Beam 454 BB Chevy con-
necting rods. An Innovators West aluminum harmonic balancer com-
pletes the rotating assembly. 

For more information on this particular engine build, including addition-
al photos and a complete build list of parts and specifications, visit
www.enginebuildermag.com. For information on Revved Automotive
Concepts, visit www.revvedautoconcepts.com and for Gessford
Machine, visit www.gessford.com. This article first appeared in the
August 2009 issue of Engine Builder.
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he 3208 Caterpillar engine was the last of a long
line of engines developed as a partnership between
Caterpillar and Ford. Since information from

Caterpillar is always held very tight within the family it was
very hard to get an accurate history of how the relationship all
came about, so if I’m a bit off in my timeline, forgive me. I
assure you, it won’t affect the content of this article.

The bottom line is, Ford had a truck line with mammoth
477 and 534 cid gasoline engines and realized it needed a
diesel for its fleet vehicles if they wanted to stay in the game.
Somewhere in the late 1960s  or early ’70s Caterpillar seemed
to have an interest in getting into the medium duty fleet truck
engine business, or Ford coerced them into it – opinions vary
as to which is the most likely scenario. The point is, Ford had
the trucks and Cat had the engines.

From 1968-1974 The Ford 6000 series trucks used the
Caterpillar 1140 150 hp and 1145 175 hp diesel engines. In
that same time, the 7000 and 8000 series had the Cat 1150 200
hp diesel. These early renditions were considered inexpensive
“throw away” engines. There were very few oversize or under-
size parts available, at least from the OEM.  Obviously those
were different times and certainly part of a much more vibrant
economy, however the entrepreneurial spirit of engine reman-

ufacturers and the automotive aftermarket never accepted the
“disposable engine” mentality and so the story continued.  

The 1160 was in the 8000 series Ford back in 1968 as well
but became a lot more popular in 1970-1974.  Then in 1975
the 3208 showed up in 7000 and 8000 series trucks and in the
’80s gained phenomenal popularity. There was hardly a city
fleet anywhere in the country that did not have a Ford with a
3208.  Whether in city tractor trailers or garbage trucks they
were everywhere. They also gained popularity in marine appli-
cations, power plants, school buses and construction equip-
ment: if it needed a medium duty diesel engine, the 3208 was
the one.  

Ford and Caterpillar hit a home run with this combination,
a partnership that lasted all the way through 1990. If my
sources are correct 1992 saw the end of production, but there
are still a lot of these engines out there. As I said, Cat plays a lot
of things close to the vest, so I was never able to get exact pro-
duction numbers so I can only venture a guess about how
many of them are still being used.  Especially in today’s frugal
economy, and I have not heard of a “Cash for Cat” program.  

There is one thing that I would highly recommend,
though, if you have any intention of working on, repairing or
remanufacturing a 3208 or any Caterpillar engine: buy the
Caterpillar manual. Caterpillar manuals are stellar and you will
never find better information or specifications but they are jus-
tifiably proud of them and you will pay a premium.  

With all that in mind, let’s dive right in and look at the
pieces of the 3208.

Cylinder Blocks
All of the images on the left of Figure 1 (left) are of the non-
turbo block. On the right is the engine block for the tur-
bocharged 3208. Surprisingly, there are not a lot of differences
between the two – but there are enough that you’ll need to
keep them separate from each other. 

The turbo block has two vents for the lifter chambers of the
block that the non-turbo does not have. The inset photos on
the bottom left of each block in Figure 1 show the rear lower
extremity of the “V” of both blocks. The non-turbo block is
plain and just follows suit with the rest of the casting. The
counter bored and threaded hole (red circle) is where the
camshaft thrust bolt is installed. The turbo block on the right
has a cast and machined turbocharger mounting flange in the
rear of the block at the bottom of the “V” with oil feed and

T
B Y  R O Y  B E R N D T,  C O N T R I B U T I N G  E D I T O R

rberndt@enginebuildermag.com

Figure 1 These images show the differences between the two
cylinder blocks used in the Caterpillar 3208 engines. On the left
are the blocks used in non-turbo applications, and on the right is
the block for the turbocharged 3208 Caterpillar engines. The front
venting and the rear turbo mounting in the “V” are the general
overall differences, shown in the right photo.
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Above photos show oil cooler cover (left) and cooler core (right) for
the 3208 oil cooler found on the low-horsepower turbo and some
non-turbo off-road 3208 engines. To assemble this cooler requires the
use of a plastic divider (shown at right). The short plastic divider
(top) gets placed between the plates in the middle of the cooler core
which would be in-between the two inlet and outlet pipes of the
cooler base shown above.

Above, the cover (left) and cooler core (right) for a standard non-
turbo engine are shown. This assembly has to be matched with a
cooler base that has openings for the three studs to pass through.
These bases are shown at the bottom of the page, on the left. 

Dividers: the
upper divider is for
low HP turbo
engines (short
cooler). The lower
divider is for high
HP turbo engines
(long cooler).

The oil coolers used on the Cat 3208 all incorporated a cooler by-
pass valve and later styles also had a filter by-pass valve.
From left to right, you’ll see the cooler by-pass valve for early non-
turbo oil coolers. The filter by-pass is part of the oil filter). In the
middle, you’ll see the cooler by-pass and filter by-pass used in later
non-turbo and low-horsepower turbo oil coolers (short cooler). On
the right, the cooler by-pass and filter by-pass used in 250 HP and
up turbo engines (long cooler). 

Above, the components for an oil cooler used primarily on 250
horsepower and up turbo Cat 3208 engines are shown. On the left
is the cover; on the right is the core. This configuration requires the
use of the long plastic divider as shown above right. The proper base
is shown below right. To determine the right cooler refer to engine
S/N and arrangement number. Watch for correct installation of
divider to get maximum cooling.

On the left is the cooler base for the non-turbo/low horsepower
turbo as seen from inside. On the right is the exterior of the base.

The oil coolers on the Caterpillar 3208 came in three different varieties. Depending on the application and engine 
specification, the cooler cores can come with or without mounting studs (early style versus late style) as shown here. 

The oil cooler bases need to be matched up with the cores. To assemble a core without studs to a cooler base with openings 
for the tree studs, the base can be modified by plugging the holes with pipe plugs.

All cooler incorporate a cooler by-pass valve and later styles also a filter by-pass valve.

On the left is the long cooler base found on the higher horsepower
turbo as seen from inside. On the right is the exterior of this base.
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drain back in between the mounting
bolt holes. In the rear of the blocks you
can see the last cam bearing bore and the
main oil galley plug threaded bore just
above it and you get a better view of the
breadth of the mounting boss. 

You also need to pay attention to the
#1 main bearing housing bore register
in the block. If it has a center bearing tab
locator (Figure 2, above) you will use
the three hole main bearing since that
register also has a groove cut into it. If it
has the offset bearing locator tab in the
main bearing housing bore the block
will have a plain single hole main bear-
ing bore register. 

Turbo blocks also have piston-cool-
ing jets/nozzles that feed off of the main
bearings (see Figure 3, right). You may
find non-turbo blocks that have been
machined for these nozzles but actually
have plugs installed.

Early 3208 non-turbo blocks had a
slightly steeper main bearing cap parting
line angle. I was unable to determine a
serial number break as to when that hap-
pened but if you’re salvaging main caps
for block repairs you will want to be
aware of it (see Figure 4, above, far
right). One worldly piece of advice on
main caps: they need to be tight in the
register in the main saddle. If you have a
cap that is loose (one that slides in and
out with little or no resistance), it has
stretched and is out of round. If you have
a main cap that is “kind of” loose but still
measures in spec, you will probably have
a premature main bearing failure at that
location. If the caps are tight enough that
you need to struggle to get them out of
the register, preferably having to wiggle
them back and forth, you will be perfect. 

If you need to, reclaim the register

area of the cap and mill the register face
back to a dimension that will keep the
cap good and tight in the block register.
Then align bore the block, but remem-
ber that you have a stacked gear train
with this engine, so you shouldn’t be
moving centerlines if you want your
gears to work. 

I know that this information is a
“feel” dimension and I have not given
you a specific press fit but I am unaware
that there ever was a published specifica-
tion, I can only share a “school of hard
knocks” lesson. 

Crankshafts
The 3208 engine utilizes a forged steel
crankshaft with true ground radii – they
are not rolled. Pick this crankshaft up
once and you will know why they are
not. There was no scrimping on metal

on this Caterpillar crank. You can have
an 8- or 10-bolt flywheel flange (Figure
5, below) and they both have the same
bolt pattern. If you use an 8-bolt fly-
wheel on a 10-bolt crankshaft be sure to
install two plugs with sealer into the
unoccupied holes or you will leak oil
badly. 

There is a somewhat unique oiling to
this crankshaft the connecting rod oil
holes join
to one
c o m m o n
oil passage
c o m i n g
from the
main jour-
nal to the
rear of it.
So the 1-2
rod throw
is oiled by
#2 main,
and so on.
Therefore,

the #1 main bearing journal does not
feed any connecting rods and does not
have an oil hole in it.  Crankshaft thrust
endplay is controlled at the #4 main
bearing position and it uses one single
bearing half that is flanged to control
crankshaft endplay. This engine is exter-
nally balanced so make certain that fly-
wheel index is correct.

Camshafts and
lifters 
In its first iteration, the 3208 was a natu-
rally aspirated engine with a flat tap-
pet/lifter camshaft made of cast iron.
Take a look at Figure 6 (page 12) and
you’ll see this camshaft in the middle
(letter B). The end of the camshaft has an
inset photo to help you identify the lobe
profile. 

The second camshaft was the flat tap-
pet cam in the turbocharged engines and
is identified by the letter A. Again the
lobe profile is superimposed on the end
of the camshaft. Take note of the much
gentler lobe peak profile – this is also a
cast iron camshaft. The last and final
camshaft (letter C) was the roller lifter
camshaft. Made of steel, this camshaft is
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Figure 2 The top left bearing has three oil
feed holes that are fed by the groove machined
into the No.1 main bearing saddle. The bear-
ing also has a bearing tab locater in the cen-
ter of the bearing (red circle) and is not offset
in the lower bearing that is fed by a single
hole main bearing register and has the groove
in the bearing.

Figure 4 Early 3208 engine blocks had a
slightly steeper angle to the main cap and
block parting line. If you’re ever salvaging
main caps make sure you have the correct
one.

Figure 5 Forged steel crankshaft for 3208 engine with a possible 8 or 10 bolt
flywheel flange.

Figure 3 Turbo blocks used piston cooling
jets or nozzles that feed off the main bear-
ings (red arrow). Some non-turbo blocks
have been machined for these nozzles but
have plugs installed.
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hardened to withstand the point contact of the roller lifter. 
The lifters are readily identified by their appearance and

there is nothing too confusing about these (see Figure 7, left).
In the center is
the roller lifter
and on the
right is the flat
lifter. The roller
lifter is used in
combination
with the steel
camshaft. The
roller lifter is
secured in the
lifter bore with
a clip to pre-
vent it from
turning. These

are mechanical lifters only: there are no hydraulic lifters used in
a 3208 engine.

Connecting Rods
There are three different connecting rods used in the 3208, and
as with all the other components what you’ll use depends on
what you have. Figure 8 (below) explains the differences.

The first series connecting rod is shown on the left. This

rod is used with a piston that has straight-sided wrist pin bores
in the ID of the piston (see Figure 11 on page 13 for piston
descriptions). The second connecting rod was a tapered pin
connecting rod used with pistons that had additional material
up under the piston crown creating a tapered wrist pin boss on
the ID of the piston. Many remanufacturers today will
machine straight pin boss rods to a tapered pin rod to reduce
part numbers and rod core management for naturally aspirat-
ed engines. You can put a tapered rod into a straight pin piston
but not vice-versa.

A word to the wise, however: even if you purchase the cor-
rect fixture tooling to install the tapered pin bushings you still
run the risk of having a bushing turn in the rod eye (as a war-
ranty) due to bushing distress and distortion. Heat the pin eye
and nitrogen the bushing, index the bushing and drop it in the
rod. The last connecting rod on the right is the turbo rod. This
one features an enhanced beam and increased strength.

Cylinder Heads
The cylinder head for the 3208 is pretty uncomplicated and
yet complex. The only real difference between the head cast-
ing for a turbo and non-turbo engine is that the lift bracket

holes on the cylinder head are different. The non-turbo cylin-
der head is 3/8˝ x 16 pitch thread and the turbo head is 1/2˝
x 13 (Figure 9, above). That is the simple part, however when
it comes to the valves, springs and valve seat inserts, that is
dependent on the serial and arrangement number. 

Early 3208 engines used 6 ID dash lines on the head of the
bolt and were torqued at 95 ft.lbs. while the 7 dash (one mark
is a letter) head bolts are torqued to 110 and 120 ft.lbs.,
depending on their location. 

Fuel Injectors
There have been three fuel injectors used on the 3208 engine
(as shown in Figure 10, page 13). The one on the far left is
referred to as the “S” injector because it was the injector used
on the “40S” serial number series engines. You must use the
hold down shown with this injector. It is .500˝ tall with a
smooth OD of the spacer barrel. You will also need to use .063˝
ID fuel lines that you can identify by the smooth OD line nut
also shown. 
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Figure 7 The 3208 roller lifter (shown in the
left two images) is held in the lifter bore with a
clip so that it will not rotate. The flat lifter is on
the right.

Figure 6 There are 3 camshafts for the 3208. Left to right, we
have (A) flat tappet turbo; (B) non-turbo flat tappet; and (C) roller
lifter turbo. 

Figure 8 There were three different connecting rods used in the
3208 engines. On the left is the straight pin rod as seen by the pin
bushing side view inset photo showing the rod housing bore. The
center rod is the tapered pin rod and the rod on the right is the
turbo rod.

Figure 9 If the engine mounting bracket holes (arrows) are 3/8˝ x
16 thread size it is a non-turbo cylinder head. If they are 1/2˝ x
13 it is a turbo head. Early head bolts had 6 ID lines on the head
of the bolt and the later bolts had 7 lines. They use different
torques.
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The injector and components shown in the center belong
to the “Y” injector because its use was primarily with the 32Y
serial number series engines, although it did bleed into the
51Z engines as well and some turbo engines (02Z and 03Z).
This injector requires a different hold down with a spacer that
is .475˝ tall as indicated by the groove on the OD of the bar-
rel. This injector also uses the .063˝ ID fuel line with the
smooth line nut. Another quick identifier for these two injec-
tors is the black gas seal on the “S” injector and the yellow seal
on the “Y” injector (an easy way to remember is “Y” for yel-
low seal). 

The “7000” series injector is completely different in
appearance and there is no chance of mixing this one up. This
injector must use a .072˝ ID fuel line that can be identified by
the “Notched” fuel line nut as shown. When this injector is
used in the lower horsepower naturally aspirated 3208 engine
it will have an injector tip orifice diameter of .290 mm and
when used in the higher horsepower turbo engine the injec-
tor tip orifice has a diameter of .315 mm. Other diameters of
orifice sizes are also used for various different specific applica-
tions. 

Pistons and Rings
The piston bottoms shown in Figure 11 (below) show the

straight pin bore piston on the left that can be used with either
a straight pin or tapered pin connecting rod. The piston on the
right has the tapered pin bore and, as you can see, there is a
substantial amount of additional support for the piston head.
Only the tapered pin bore connecting rod can be used with

this piston. 
The piston on the left of Figure 12 (below) is a non-turbo

piston with a fuel swirl bowl volume of approximately 54cc,
while the piston on the right for the turbo is approximately
59cc. Mixing them up can render poor results in runability. 

The pistons shown are all three-ring pistons. Caterpillar
produced a three-ring piston only for some turbo application
but never for a naturally aspirated engine. Instead, two-ring
pistons were used in these versions. The two-ring piston was
only available as a conventional type ring groove while the
three-ring pistons use a top Keystone ring (see illustration).
Use the three-ring piston as your choice of piston: it’s a supe-
rior replacement for the two ring and you’ll never use a two
ring in place of a three ring. Naturally aspirated pistons come

with three different compression ratios: 16.5:1, 17.5:1 and
18.2:1. Turbo pistons primarily have a compression ratio of
16.5:1, though there are some lower horsepower turbo
engines for California applications, which have a 17.5:1 com-
pression ratio.

Gear Train
In Figure 13 (page 16) you can see that the CAT 3208 used
one of three camshaft drive gears and three different type
injection pump timing advance units. On the left, the narrow
drive pin set for the advance unit (notice how close the pins
are to the center hole of the gear) shows these gears are for a
naturally aspirated engine. The unit in the center has the wider
pin location for the cam advance unit and is used for tur-
bocharged applications. Note that both of these timing gears
have a higher count of teeth and a shallower profile. The gear
on the far right is the last rendition with fewer teeth and a
much more aggressive tooth pattern and was used for high
horsepower applications. 

There are only two crank and injection pump timing gears.
As shown in Figure 14 (page 16) you’ll find either a fine
tooth or a coarse tooth gear in this position. 

The 3208 diesel engine had three different oil pump gears.
As shown in Figure 15 (page 16) from left to right, the early
shallow gear oil pump corresponds with the like front cover
and pump bushing. The center gear is the taller, higher volume
oil pump with the matching front cover and bushing as well.

Figure 12The piston on the left fits naturally aspirated 3208
engines  and has approximately 54cc fuel swirl bowl. The turbo pis-
ton on the right is approximately 59cc.  Three-ring pistons use a
keystone top compression ring.

Figure 10The set of components on the left are for  “S” injectors.
The components in the center are for “Y” injectors and those on the
right are for the 7000 series fuel injectors.

Figure 11The piston on the left is a straight pin bore used with
straight pin or tapered pin rod (see the matching connecting rod in
Figure 8).  The piston on the right has the tapered pin bore for use
with tapered rod only
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Both of these gears have the higher count shallow profile teeth
and the last gear is the same height, however, it has the coarse,
more aggressive tooth pattern. Since many of these compo-
nents may potentially be changed out in the field, knowing the
appearance of all of the variations could save a lot of grief and
sorrow because an incorrect tooth pattern component was
installed. The oil pump tooth pattern always has to be matched
to the crank gear pattern. However you may find the tooth
pattern can split between coarse and fine pattern on the same
engine. Example: Crank gear, cam gear and oil pump fine gear

pattern and advance gear
and injection pump gear
have a coarse pattern or
vice versa. 

Fuel Injection Pump Timing
Advance Unit:
The 3208 Caterpillar engine has a fuel injection pump drive
gear that is driven off the front of the camshaft. This drive gear
will usually be an injection pump timing advance unit as well.
This gear may also be zero advanced, used primarily in con-
stant speed engine applications. 

When “0” advanced is used in naturally aspirated engines it
is a solid gear and for turbo engines it will appear as any other
advance unit, except it is marked as “0”. In naturally aspirated
engine applications there are 3°, 5° or 8° advance units used.
Turbo engines use 3.5° or 8° advance units. 

The dowel size and spacing are different between an
advance gear for a naturally aspirated and turbo engine (see

gear train info). The turbo dowels are bigger in diameter and
further apart. The advance unit in the lower portion photo as
shown in Figure 16 (below) is an assembled advance assem-
bly for a naturally aspirated engine that is 5° advanced, as evi-

denced by the 5 that may be scribed or stamped into the cover
plate. Note the four red dots: these are the location of the 4
rivets that, when drilled out, expose the internals of the
advance unit as shown in the upper portion of Figure 18. The
four red circles at the top are those same drilled rivet locations.
The upper portion shows a turbo advance gear, size of the
holes in the slides and spacing.

The weights (two red arrows) show the two sliding tapered
parallels (note the 5 stamped on them) that are driven by two
slides between them. Those two slides are driven by the two
dowels off the front of the camshaft timing gear. As centrifugal
force of the unit’s rotation speed increases the weights push
against the force of the springs which will cause the slides to
make a change in the angle correlation between the injection
pump camshaft and the engine camshaft, thus advancing the
injection pump timing the amount indicated on the face plate. 

The light blue arrows show the resistance springs. As shown
in the inset image what looks like one spring is actually two,
one fitting inside of the other. These can break and without
drilling this unit open you
will never know, until you
get improper advance of
the injection pump result-
ing in poor power or pos-
sible white smoking. The
green double arrow
shows you the center hub
of the unit that has nar-
row ledges which centers
in the cover plates. You
can also see that if the nar-
row ledges fracture (inset
image right) that will also
result in improper
advance action. 

These units were not
designed to be disassem-
bled but to be replaced, so
if you are not inclined to
drill and rivet, my sugges-
tion is to replace. Just
because it worked before
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Figure 15 There are three 3208 oil pump gears. The initial pump is
on the left, then the higher volume pump and finally, on the right, is
the coarse tooth option. 

Figure 14 At left, you
can see the two crankshaft
and injection pump drive
gears.  On the left of each
photo you see the higher
count shallower profile teeth
vs. the more aggressive
tooth pattern on the right.

Figure 16The fuel injection timing
advance unit can advance the injection
pump timing in different amounts or
not at all, depending on the horse-
power and application.

Figure 13 This photo shows the cam gear and injection pump
timing advance units for the 3208. On the left are the components
for the naturally aspirated 3208. In the center is the same for tur-
bocharged engines. On the right is the cam gear and advance unit
example for the high HP engine with coarse, deep-cut teeth.

8-17 CAT:Layout 1  11/17/09  8:37 AM  Page 16



does not mean that it will work again after the reman process.
Lubrication oil for the timing advance unit comes from drilled
holes that connect with the front bearing for the engine
camshaft. The function of the advance unit can be checked
with a dynamic timing device.

Turbos
Early 3208 engines used a Schwitzer turbo that required a riser
that bolted to the block and the turbo then bolted to the riser
(see Figure 17, below). This riser required ports for oil flow
for the turbo and added an additional surface that could poten-
tially have a leak. It sat higher and required more hood clear-
ance. Air Research designed a turbo specific to the 3208 that
mounted directly to the block and sat lower down into the val-

ley (see Figure 18, below). Again the serial number and
arrangement number will tell you which one that you have.
They do not interchange without making a lot of modifica-
tions.

Bellhousings
Figure 19 (right) shows the three most common bellhousings
used on the 3208 engine.  Bellhousing A is used on both turbo
and non-turbo applications. It is an SAE 2 and is double-drilled
at the top on the inside (which would be on the bottom of the
image) this bell housing uses a paper gasket seal to the block. B
is the early design SAE 2 used with non-turbo engines and is
single drilled at the top for mounting bolts and also uses a paper
gasket to the block. C is the latest light weight bell housing

used and is also a SAE 2 and double drilled at the top and uses
sealer only between the bell housing and block.

There are some SAE 3 bell housings used in off-road appli-
cations and of course the serial number and arrangement num-
ber will give you that information. It is absolutely critical that
the bell housing be dial indicated in relationship to the crank-
shaft for alignment prior to final torque. Failure to do so will
result in bell housing fracture.

Oil Coolers 
The oil coolers on the Caterpillar 3208 came in three differ-
ent varieties. Depending on the application and engine speci-
fication, the cooler cores can come with or without mounting
studs (early style versus late style). A chart that clearly explains
all the different configurations is found on page 10 of this issue.
A larger version can be downloaded at the Tech Guide section
of our Web site (www.enginebuildermag.com).  The oil cooler bases
need to be matched up with the cores. To assemble a core

without studs to a cooler base with openings for the tree studs,
the base can be modified by plugging the holes with pipe
plugs. All coolers incorporate a cooler by-pass valve and later
styles also a filter by-pass valve. 

Closing 
The 3208 engine can be a good contribution in your reman-
ufacturing product line as evidenced by Reviva, in
Minneapolis, MN, to whom I am again indebted for their hos-
pitality, expertise and general attitude of sharing, a standard that
many can aspire to. Their continued pursuit of excellence in
the use of Kaizen and Six-Sigma implementation is awesome
to watch in action.  

I also would like to take an opportunity to make special
mention of and thanks to Franz Riesterer for his knowledge
and insight of the 3208 engine. EBTG
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Figure 19 The above images show the 3 most common bellhousings
used in the Cat 3208. A (left) fits turbo and non-turbo engines,
SAE 2, double-drilled. Version B (right) is the early design for 3208
non-turbo engines, SAE 2, not double-drilled, Version C (center) is
the latest design flywheel housing, very lightweight, SAE 2, double-
drilled, required in some applications.

Figure 17 The Schwitzer turbo used on the early 3208 engines
required the riser adaptor (as seen in inset). 

Figure 18 Air Research designed a turbo specifically for the 3208
Cat that mounted directly to the block and tucked into the valley.

About the Author
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C
hrysler made the Hemi
engine famous. They
didn’t invent the hemi-

spherical chamber, but they were
the first to build an engine with a
hemi chamber for an American car
back in 1951. They originally
called it the “Double Rocker Shaft
V8,” but it soon became “the
Hemi.” It made a lot more power
than the rest of the car engines that
were available at that time, so some
people say Chrysler started the
“horsepower wars” with the Hemi.
What made it so good?

•It had better volumetric effi-
ciency because it had good ports
and bigger valves that opened away
from the walls.

•It had a low “surface-to-vol-
ume ratio” which gave it better
thermal efficiency so it made more
power.

So, with the best chamber, plen-
ty of cubes, generous ports and

better airflow, it was a winner –
except that it was heavy (a 392 cid
Chrysler weighed 737 pounds),
more complicated and more
expensive to build – so it eventual-
ly lost out to the big wedge motors
like the 383, 400 and the 440 cid

Chrysler has built three differ-
ent families of
Hemi motors
since 1951.
There were 12
different engines
in the first gen-
eration that
ranged from a
241 cid Dodge
to the 392 cid
Chrysler and
spanned almost
ten years from
1951 through
1958. 

The only
engine in the

second generation was the leg-
endary 426 that was built from
1964 through 1971. It was origi-
nally intended to be used for racing
at  NHRA and NASCAR tracks,
but it ended up on the street
because NASCAR told Chrysler
that they had to sell at least 500

C
BY DOUG ANDERSON, CONTR IBUT ING ED ITOR danderson@enginebuildermag.com
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The 6.1L block has four pads that are machined and drilled for
the piston cooling jets that spray oil on the bottoms of the pis-
tons.

All of the Hemi blocks were designed for MDS so the four
holes in the valley must be plugged if the engine doesn’t have
MDS.

All of the bolt bosses that are circled MUST be drilled so the
engine will work for all applications including the 4x4
Durango.
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cars with the “street hemi” to
make it legal for the Daytona 500
that year. It died in ’71 because
NASCAR had outlawed it on the
track and the emissions police
frowned on it for the street.

So, with that background in
mind, it shouldn’t come as a sur-
prise that back in the late ’90s,
when Chrysler realized that they
would need a new engine with
more power and torque for their
trucks, they decided to build the

third generation Hemi for the
2003 Ram pickups. Since then,
it’s been used in their sport utili-
ty vehicles, Jeeps and RWD cars,
too. There are purists who say it’s
not a real Hemi because it has
squish areas on both sides of the
chamber, but it’s close enough for
the rest of us. It has a hemi-
shaped chamber with the valves
canted toward the middle of the
cylinder, four rocker shafts with
good valvetrain geometry and

generous ports.
And, it incorpo-
rates some modern
technology includ-
ing aluminum
heads, dual spark
plugs, roller lifters
and a “multi-dis-
placement system”
(MDS) that deacti-
vates four cylinders
under light loads.
So, you can have

3 4 5
h p
and still get 21
mpg on the road –
at least that’s what
I got on my 4WD
Hemi pickup on a
100-mile trip with
the cruise set at 68
mph.

So, let’s take a
look at this new
Hemi including
both the 5.7L and
the 6.1L, starting
with the blocks.

Blocks
There are two different blocks in
this family, one for the 5.7L and
one for the 6.1L. Both are a
deep-skirted design with pow-
dered metal main caps that are
crossbolted for strength. The deck
surfaces have large openings for
easy sand shakeout after casting.
That’s important because
C h r y s l e r
designed the

block without core plugs to elim-
inate the possibility of any long
term coolant leaks.

5.7L Block 
The block for the 2003-’07

5.7L is a 53021319AC/AG/CB
casting. All of these blocks have
provisions for MDS and they all
have 10 bolt bosses on the driver’s
side, but some of them may or
may not be drilled and tapped,
depending on the original appli-
cation. 

Rebuilders should drill and
tap all 10 of them so that one
block will fit in everything,
including the 4x4 Durango that
hangs the front differential off the
engine.

6.1L Block
The block for the 6.1L is a

5037388AB casting that has
“6.1L” cast on the side of the
block. It’s unique because it has a
bigger bore and there’s a large,
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All the 6.1 blocks are clearly marked on the side.

The pistons are cooled by oil that is sprayed on them
with four of these jets.

All of the Hemi blocks have provisions for MDS. If it’s not
used, the holes are blocked off with the plastic plug on the
left. If the engine has MDS, the solenoids (right) have to be
installed in all four holes.

The 6.1L crank (right) is a forging instead of the casting
that was used in the 5.7L motors (left). You can see the dif-
ference between the casting line and the forging mark on the
front rod pins.
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rectangular oil gallery in the crankcase that’s drilled
and machined for the four “piston oil cooling jets.”
The 6.1L block can’t be bored oversize according to
Chrysler.

Cranks
There are two different cranks, too. They’re internal-
ly balanced and they both have the same
3.58˝stroke, but the one for the 6.1L is forged steel
instead of cast iron like the one for the 5.7L motor.

5.7L Crank
The ’03-’07 crank is a 53021300AA casting. It

has three bolt holes in a circular pattern for the
crank sensor that’s located behind the last counter-
weight.

6.1L Crank
There isn’t a “casting number” on the forged

crank for the 6.1L, but we did find “2MK” stamped
on the one we had, so that may be how it’s identi-
fied. It’s easy to pick it out anyway, because it’s a
forging and it has a four bolts for the crank sensor
instead of the three that are found on the 5.7L
crank.

Rods
The 5.7L and 6.1L each have their own rods, too.
They’re both forged, powdered metal with cracked
caps that are held on with cap screws. They don’t
have “casting numbers” on them, but they’re easy to
tell apart once you’ve seen them side by side.
Chrysler says that the rod bolts aren’t reusable.

5.7L Rod
The 5.7L rod is press fit with the hole in the

small end measuring 0.945˝. It weighs 597 grams
+/-5 grams.

6.1L Rod
The 6.1L is stronger in every way with thicker

beams and more material on both ends. It has a full-
floating pin and it measures 0.985˝ on the small end
with the bushing installed. It weighs 653 grams +/-
5 grams.

Pistons
Mahle makes the OEM piston for the 5.7L. It’s a
very contemporary, lightweight design (413 grams)
with short skirts that are coated with Grafal® to
reduce friction and noise. 

The piston rings are narrow (1.5 mm/1.5
mm/1.5 mm/3.0 mm) and the ring pack is located
very close to the top of the piston. Moving the top
land up within 3.0 mm of the crown reduced
crevice volume and emissions, but the top ring
groove had to be hard anodized in order to stand up

to the heat and pressure that would cause microw-
elding and ring groove poundout otherwise.
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The crank sensor wheel for the 6.1L (left) has four holes
instead of the three found on the crank for the 5.7L.

The sensor wheel for the 6.1L (top) is noticeably thicker
than the one for the 5.7L, too.

The flange for the crank sensor on the 6.1L has four bolt
holes instead of the three that were used on the 5.7L crank.

The crank sensor for the 5.7L (right) is considerably differ-
ent than the one used on the 4.7L (left) and all the other
Chrysler engines.
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We haven’t seen the piston for
the 6.1L, but we would expect it to
be similar in design, except that it
has a bigger bore and a full-floating
pin. 

Aftermarket pistons are available
as well.

Cams
All the cams for these motors are
big and heavy, because the valve
action is pretty aggressive and

Chrysler didn’t want
to allow any cam
deflection.

The original cams
were a hollow
assembled design,
but we’ve also seen
both cast iron and
billet versions for
the 5.7L. The cams
for the 6.1L are all
billets. These cams
can be identified by
the full part number
that’s on the barrel
or the last three dig-
its of the part num-
ber that are located
on the back of the
cam. In mid ’04,
Chrysler also added
an ID ring to the
cam with grooves
machined on the
barrel in front of the

#5 journal. Unfortunately, we
don’t know how to decipher all the
codes yet, but we’re working on it.

5.7L Cam
There have been several cams

used in the 5.7L, depending on the
year and whether or not the
engine has MDS.

The cam for the engines with-
out MDS went from a
53021730AB to ’AC to ’BA and
has been superseded to the

53022064AA.
The MDS cam went from a

53021731AB to ’AD to ’AE before
it was superseded by a
53022065AA that’s now a
53022065AB. The cams with and

without MDS aren’t interchange-
able because there are different
profiles on the lobes for the cylin-
ders with MDS according to our
cam supplier. The specs call for 253
degrees of intake duration and
253.7 degrees of exhaust duration
at .006˝ with 34 degrees of overlap.
Lift at the valve is 0.472˝ for the
intake and 0.460˝ for the exhaust.

6.1L Cam
All of the 6.1L engines came

without MDS so there is only one
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The caps for the 6.1L (right) are rein-
forced so they can handle the 425 hp
SRT applications.

The Hemi rods are all powdered metal with cracked caps,
but the ones for the 6.1L (right) are considerably stronger
and they’re bushed on the small end.

The lightweight, OEM Mahle piston
has narrow rings, Grafal®-coated skirts
and a hard anodized top ring groove.

The 5.7L cams may be hollow (left), cast iron (middle) or billet steel (right). All the
cams for the 6.1L motors are billets. You can tell the difference by looking at the bar-
rel on each one.
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cam used for them. It has some
serious lift, about 0.050˝ more than
the 5.7L, so the lobes are almost as
tall as the journals. Chrysler says it
has 283 degrees of duration on the
intake and 286 degrees on the
exhaust at .006˝ and 50 degrees
overlap, so it’s pretty aggressive
compared to the 5.7L cam.

Lifters And
Yokes
Chrysler uses two different lifters
for the Hemi motors, one for the
cylinders without MDS and one
for the cylinders that have MDS.
They’re easy to tell apart because
the flat sides near the top of the
regular lifters are 0.040˝ narrower
(0.7265˝ compared to 0.7665˝)
than they are on the MDS lifters.
And, the MDS lifters have a hole
on the side of the body for the pin
that disables the lifter for the MDS
mode. 

The lifters are held in place by
four plastic yokes that have four
lifters in each one. There are three
different versions, one for the
engines without MDS and two dif-
ferent ones for the engines with
MDS. Each MDS engine has two
of them that say “MDS Front” and
two that say “MDS Rear.” They
both have two big holes for the

MDS lifters and two smaller holes
for the regular lifters so you can’t
install them in the wrong place
when assembling an engine with
MDS. 

MDS Plugs
and Solenoids
The Hemi block was originally
designed for MDS, so the four
holes in the valley must have either
the MDS solenoids (p/n
53032152AC) or the plastic plugs
(p/n 53032221AA) that block off
the MDS oil passages.

Pushrods  
The short ones are for the intakes
and the long ones are for the
exhausts. Both of the pushrods for
the 5.7L are approximately 4.0 mm
longer than the ones for the 6.1L
because of the difference in the lift

at the lobe. 

Rocker Arms
The Hemi has four rocker arm
shafts per engine, two intakes and
two exhausts. The intakes have an
“I” cast on the rocker arm so
they’re easy to identify, but you can
also tell them apart by noting the
location of the pushrod socket. The
shafts are fully assembled with the
rockers along with the bolts and
spacers. Just a word of caution: If
you break off one of the tabs that
hold the bolt and spacer in place
during assembly, it could (will!)
end up inside the engine.

When we started building these
engines, we noticed that there were
three different configurations of
the rocker shaft assemblies, so we
tracked down a Chrysler engineer
to find out why. The original
design had metal spacers between
the rockers to hold them in place
during assembly. In early ’05, they
started using “C” clips to locate the
rockers for assembly. Then in
February ’07, they changed their
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The roller lifters are located with four
plastic yokes. There are three different
yokes, one for engines without MDS,
one for “MDS front” and one for
“MDS rear” They are easily identified
by the markings found on them.

The MDS lifter (right) is unique. It’s
bigger on top (.7665˝ vs. .7265˝ across
the flats) and has an extra oil hole in
the body.

The intake and exhaust rocker arms are different. Note the difference in the location
of the pushrod sockets.

The exhaust rockers aren’t marked but
the intakes have a raised “I” on them.
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assembly process so they didn’t need the “C” clip any-
more. Don’t be surprised when you see the three dif-
ferent versions and don’t worry about which one you
use when building an engine, but make sure you use
them in matching sets so the installer doesn’t start ask-
ing questions when he sees two or three different ver-
sions on the same engine.

Cylinder Heads
The cylinder heads can be a bit more confusing
because Chrysler used the same casting on both sides,
but machined it so it only fits on one side. Some heads
are drilled for EGR and some aren’t, and others have
three holes on one end that may or may not be
drilled. Here’s what we know:

5.7L Heads 
The front of the head used on the passenger side of

the ’03 engines (c/n 53021616AJ/BA) had a flat pad
with two bolt holes, but the EGR hole wasn’t drilled.
All of the ’04s (and maybe a few late ’03s) had the
holes drilled for the EGR valve. 

The left head (c/n 53021616AJ/BA) has a triangu-
lar pad with provisions for three bolt holes around the
core plug on the front of the head. These three holes
aren’t always drilled, but they should be because they
are needed for some applications. The bolt holes for
the middle two exhaust ports are angled from the back
to the front with the top bolt hole at the back of the
port on the driver’s side and at the front of the port on
the passenger side.

6.1L Heads
The 6.1L engine has its own unique heads that

both have the same 5037369AA casting number. They
have bigger intake ports without the eyebrows for the
injectors, “D” shaped exhaust ports, and bigger valves
(2.08˝/1.60˝ vs 2.0˝/1.55˝) that are lighter, too. Both
the intake and exhaust valves are hollow, and the

exhaust valves are sodi-
um-filled for better heat
transfer. The valve springs
for the intake and exhaust
are not interchangeable
because the intakes have a
higher installed height
and they’re both matched
to the specific weights of
the intake and exhaust
valves. These springs are
unique to the 6.1L, so
they can’t be used on the
5.7L motors. The revised
chamber has wider
quench areas so it’s slight-
ly smaller, too.
The head on the passen-

The original rocker arms (right) had spacers between them and
the later ones (middle) used “C” clips to hold them in place
during assembly. The current ones don’t need anything to hold
them in place because Chrysler changed its build procedures.

Purists say the new Hemi (right) isn’t a REAL hemi, because
it has squish areas on both sides of the chamber, unlike the
chamber for the original Hemi (left).

The heads for the 6.1 have bigger valves and more quench on both sides of the chamber.
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ger side is always drilled for EGR and the one on the
left should always be drilled for the accessory mount.

So, that’s the story on the major components, but
there are a few other things you should know about
these engines:

Oil Pumps and Oiling
The 6.1L has a different oil pump that provides the

extra oil needed for the piston cooling jets. It’s a p/n
5037687AA instead of the p/n 53021622AF that’s
used on the 5.7L engine.

The lifters are
oiled through the
pushrods. Oil
goes from the
pump to the cam
bearings and
then up through
the heads to the
rocker shafts
before it goes
through the
rockers and
down the
pushrods to the
lifters. This
accomplishes two
things: 1) the oil
passages in the
valley can be
used to deacti-
vate the MDS
lifters, and 2) the
pushrods provide
a reservoir of oil
to help prevent
“morning sick-

ness” (i.e., noisy
lifters at start
up).

Chrysler calls
for a minimum
oil pressure of 4
psi at idle. That’s
not much, but
the service man-
ager at a local
Chrysler dealer
told me that
they have had
Hemi motors
turn on the
check engine
light when the
customer used
anything other
than the 5W20
motor oil that’s
specified for
these engines.

Piston Oil Cooler
Jets
The 6.1L has four of the piston oil cooling jets.
They’re available under p/n 5037524AB. They should
be replaced if they’re plugged or damaged in any way.

Crank Sensors
The 5.7L and 6.1L engines have their own unique
crank sensors. The one for the 6.1L is thicker (.295˝
vs. .250˝) and is held on with four bolts instead of the
three found on the 5.7L. The bad news is that none of
the crank sensors are available separately; you have to
buy a crank to get a sensor because Chrysler balances

the crank with the sensor on it and
they believe that the balance will be
adversely affected if the crank sensor
is changed.

Head Gaskets
The head gaskets for the 5.7L can be
physically installed either side, but
they will leak if they’re on the wrong
side, so they’re marked with a “R” or
“L.”

The head gaskets for the 6.1L are
interchangeable, but they must be
installed with “UP” facing up in order
to avoid coolant problems.

EGR Block-Off
Plate
Most rebuilders are drilling all the
heads for EGR and sending a block-
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The exhaust ports for the 6.1L (left) are
“D”-shaped instead of square like the
ones for the 5.7L (right).

The intake ports for the 6.1L (left) are
much bigger than the ones for the 5.7L
and they don’t have the “eyebrows” for
the injectors.

The intake ports on the “old Hemi”
(right) are pretty impressive even when
they’re compared to the ones on the
“new Hemi” (left). It’s no wonder the
old Hemi motors ran so well.

Check out the exhaust ports on the new
(left) and the old (right) Hemi heads.
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off plate (p/n 6034826) with the engine for the ’03
trucks that didn’t have EGR.

Multi-Displacement
System (MDS)
MDS deactivates four cylinders simultaneously when
the vehicle is cruising down the road under light load.
The Hemi has a separate oil gallery in the valley with

four solenoids that apply pressure to the pins in the
sides of the eight MDS lifters on cylinders 1, 4, 6 and
7 to disable them. 

When they are disabled, the lifter body continues
to go up and down, but the plunger inside the lifter
remains stationary, so the valves stay closed. The
exhaust gases that are trapped in each cylinder are
compressed on the compression and exhaust strokes so
they help push the pistons back down on the intake
and power strokes. The injectors are shut off so there’s

no problem with fuel wash down.
The computer can activate and
deactivate the solenoids in 40 mil-
liseconds so the transition is seam-
less. 

Chrysler says MDS reduces emis-
sions and improves fuel economy by
6 percent overall, depending on
driving habits, but it definitely
makes a big difference in mileage
between 40 and 70 mph under light
load. It’s worth noting that MDS
isn’t available with a manual trans-
mission because they need the
torque converter to “cushion” the
transition and make it “seamless.” It’s
interesting technology – and it

works well on the Hemi.
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Some applications use the three holes on the driver’s side head
(right) for an accessory mount so it’s best to drill them on every
head. Some rebuilders drill all the heads on the passenger side
for EGR (left) and send a block-of plate with the engine for
the ’03 pickups. 

The bolt holes for the exhaust manifold are reversed on the
middle two cylinders, depending on which side the head is on.
The head on the top is for the passenger side and the one on
the bottom fits on the drivers’ side.

All of the ’04 Hemi motors (and possibly even a few of the ’03s) had two bolt holes
and an open passage on the front of the right head for EGR (right).

Here’s a “new 345 Hemi” head beside an “old 352 Hemi”
head. The new one is lighter because it’s aluminum and it’s
smaller, too.

18-28 Hemi:Layout 1  11/17/09  8:38 AM  Page 26



6.1L SRT
The 6.1L engine is used in all of

Chrysler’s “SRT8” vehicles includ-
ing the Chrysler 300, Dodge
Charger, Dodge Magnum, Dodge
Challenger and Jeep Grand
Cherokee. It’s a serious engine
with 425 hp and 420 ft.lbs. of
torque. It has a bigger bore
(4.055˝), a higher compression
ratio (10.3:1), a cam with more lift
(+@ .050˝) and more duration
(+30 degrees), bigger ports, bigger
valves, a forged crank, stronger
rods, a high volume oil pump, pis-
ton cooling jets, and a different
timing set along with several other
subtle upgrades and changes.

Crate Motors
The 5.7L/345 cid and 6.4L/392
cid Hemis are both available as

crate motors with either the facto-
ry fuel injection or a carburetor.
And, there are several companies in
the aftermarket that are supporting
these engines with additional per-
formance parts and electronics, so
more and more of them are show-
ing up in street rods and older cars.

Bore and
Stroke
The bore and stroke varies,
depending on which engine you
have:

• 5.7L: 3.92˝ bore x 3.58˝ stroke
• 6.1L: 4.055˝ bore x 3.58˝
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345 HEMI – MDS & EGR Applications

(1) There may be a few late ’03 Ram pickups with EGR, so ask the customer before shipping the motor.
(2) We believe that all the ’07 applications carry over to ’08, too, but we haven't researched it completely at this time.

Here’s my truck ... it’s a Hemi.
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stroke
• 6.7L: 4.055˝ bore x 3.795˝

stroke

The 2008 and
2009 Hemi
We haven’t researched the ’08
Hemi thoroughly, but we believe
it’s the same as the ’07, especially
since there were extensive
changes made to it in ’09. The ’09
Hemi has an active dual-stage
intake manifold and variable cam
timing, so it’s got 390 hp and 407
ft.lbs. of torque now. That’s not
bad for a pickup truck motor
that’s rated at 20 mpg on the
highway, thanks to MDS.

The 345 vs The 354
It’s interesting to make some

comparisons between the new
5.7L and the original 354 cid
Hemi motor.

• The new 5.7L weighs 533
pounds, 164 pounds less than the
old 354 cid that tipped the scales
at 697 pounds. Most of the differ-
ence is found in the two alu-
minum heads that weigh 100
pounds less, but Chrysler took

some weight out of the block and
the rest of the engine, too. By the
way, at 533 pounds, it weighs
about the same as a small block
Chevy!

• The intake and exhaust ports
on the 354 cid are impressive.
Take a look at the pictures and
captions. It’s no wonder it ran so
good.

• The valves on the 354” were
1.94˝/1.75˝ compared to
2.0˝/1.53˝ on the 5.7L.

• The 1955 Chrysler 300 was
named that because the 331 cid
Hemi was the first domestic car
engine to make 300 horsepower.
Now, the 5.7L makes 390 hp in a
pickup truck – and that’s with the
current SAE ratings that are con-
siderably less favorable than they
were in 1955, and it’s dealing

with some stiff emission stan-
dards. my, how the times have
changed.

So that’s the story of the “new
HEMI.” It’s a well-designed,
durable package that makes some
serious horsepower and torque,
and does it with reasonable fuel
economy while meeting current
emissions standards. It doesn’t
have any weak points, but there
are over 2 million of them out
there already, and they’re starting
to filter in the door, so we can all
expect to do more and more of
them as the population grows and
the engines get some miles on
them. EBTG

Hemi® is a registered trademark of
Chrysler Corporation.

GRAFAL® is a registered trade-
mark of MAHLE.
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Chrysler HEMI Casting Numbers

(1) The bolt holes on the two center exhaust ports angle from the back to the front when looking at the upper hole.
(2) The bolt holes on the two center exhaust ports angle from the front to the back when looking at the upper hole.
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