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THE FOUNDATION OF A POWERFUL RACING
ENGINE IS A WELL.PREPARED BLOCK
BY LARRY JEWETT

he pressure builds. The drive to perform effi-
ciently ramps up. Failure of one aspect *_{,.i'
could be devastating. It's a lot to ask '"""i

of an engine.
You're asking the same from

your engine builder, who's charged with cre. 
ffi

ating the key to propel your racing career. ;i
After all, it's not what you have, but _
what you do with what you have. An #
experienced engine builder
offers a competitive edqe. #;

onship. With their NASCAR Nextel Cup
cars and countless racing activities on their
plate, the shop crews have to be perfect the
first time and better after that.

"The first thing everybody thinks," says Jenckes,
"is that building racing engines-whether it's Nextel
Cup or, for what I know of, even Formula l-is like a
very dramatic, highly interesting business. The truth is,
on an everyday basis, building racing engines is probably
one of the most exacting, excruciating, if not almost bor-
ing, businesses. It's not excitement every minute. The
actual process of assembling an engine is painstaking, and
the level of detailyou have to maintain is extremely high.
It's rigorous, and it's not what people think. You're just out
there every day making horsepower with everything you
do. It all comes down to fundamentals.

"The interesting thing is that what makes a great Late
Model Stock engine is probably a lot of the same things
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fue they on the right centerline? Is the
axis true? Check whether they are
perpendicular to the cam or

that, and then the posi-

tion of the lifter, left to

right, front or back.
All of those things
are critical. If it's
a roller motor,

obviously the
placement of the
roller and how it's
indexed against the
camshaft-and if it's

a flat tappet-is just

as critical."
The crank cen-

terline is a key ele.

ment Of the blOCk Larry Jewett

preparation. "lf you have an older block and
you begin to bore it and set it up, you're actu-
ally moving the cam centerline and crank cen-
terline closer together, but you compensate for that
with different caps," says Jenckes. "Actually, the boring and
honing process will get you straight and true, but the point

is, even if you aren't re-indexing that bore, you need to
check it. You need to make sure the journals are right. Don't
assume anything. That's the key in almost all racingengine
preparation. Check every journal. Check everything. You
have to check every bore of the mains. You need to check
whether the crankshaft is square to the rest of the engine."

The block material plays a key role in the ability to
develop a good base. The wallthickness of the cylinder lin-
ers will determine how much you can do. "Even if you're

building a Street Stock engine," says Jenckes, "you want to
have a good foundation. Take the block to someone with an
ultrasonic checker. Most high-end machine shops will have
them. It's worth the money to make sure there's enough
meat in the block and that it's a sound block for the rest of
your work. You don't want to spend all the money preparing

it, ultimately finding it's thin, and when you go to bore it, you

can't get as many rebuilds out of it as you would like.
Obviously, as you go up in power, cylinder pressure, or
torque, you have to worry about how thin the actual iron is."

u*;t i i liiil
The manufacture of the engine block is not a perfect art.

The best way to begin to understand the intricacies of a block
is to understand how the block is created at the foundry.

Engine blocks are created when the material (in this
case, iron) is poured into a mold. There are sand cores
placed where the iron doesn't go. When the iron is poured,

it shifts around the sand cores. "The water jacket is made
up of a group of sand castings, pieces that are bonded
together using some kind of agents like SO2," says Jenckes.
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A btock shoutd be visually inspected through
each step of the process. Every step needs

to be properl.y compteted before any of
the rotating assembly begins to make

its way into its new home.

'The cores are placed in a
cavitv. and the metal is

this process,
there o<ists

a scenano
linown as "core

shift." Core shift can
create imperfection in

the block. "Depending

upon how the cores are
located in the particular cast-
ing process, there's some slop
in it." Jenckes says. "The

whole process is done in a dark,

There's a significant amount of handwork that needs to be done with
an engine btock. Many pounds can be cut away, but the fine adjust-
ments that require detail are best done by a steady hand. Threaded
holes need to be chased, and areas require deburring. A bare btock
can be a chatlenge that requires days of prep work.

not and also the ansle that od*ts.
they're indexed relative to , d!

o
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nasty environment. Foundries are pretty much like the fiery
furnaces of hell. The basic-production V€ engines were
made in the assembly-line process, so the cores may move
around. With core shift, they're going to have cold spots,
and the metal cannot be as uniformly thick. You might get
thin spots in a block."

The problem may not exist at such magnitude for special-
production blocks for pure racing engines, but the best
builders will check and doublecheck each aspect of the block.

SIAMESE MYTH
Jenckes believes a siamesed block is as good as a non-

siamesed unit if the block is prepared properly. "The old
Chevy 400 (siamesed block) had a bad history. It had sensi-
tivity for blowing head gaskets, and part of that was the pro
duction environment. If you're using an old 400 block, the
main thing is to check the block and make sure it doesn't
have core shift. Check the deck surfaces to make sure they
haven't been destroyed by being decked too many times."

WHERE Tft STAHT
In the process of learning more about block preparation,

Jenckes gave us a view of the process used by shops such
as DEI when a block arrives from the factory. A typical block
is cleaned and inspected before it goes anywhere in the
building. "Even though the company that does the machin-
ing for the GM castings is one of the best in the country, we
still check the block," says Jenckes. "We check all the

dimensions. Even after the inspection report comes in, we
still check it. In a Nextel Cup operation, the block is one of
the few pieces that's used over and over again. It's sup
posed to have a long life, and you want to know right away
whether or not it's good.

"Whether you build a Nextel Cup engine or an engine for
a Hobby Stock, it should be the same process. you neecl to
clean the thing up and find out what you have. The fallout
in a Nextel Cup shop is not very high. Usually, the amount
of problems we would find would be minimal because
they're expensive parts machined by the best people in the
country. You'd expect there wouldn't be many problems.

"Find people who have been in racing awhile," Jenckes
advises. "How do you find out anything in racing? Typically,
you go to the people who have done really well and get their
advice. You'll find that, in most cases, a lot of the work is done
by a very few number of shops, and part of that is because
racing work isn't as profitable as other types of work.

"The other thing is that you need to go and look at the
shop yourself. Not every shop is going to be like a Nextel
Cup shop where the floors are all clean and everything is
painted white. You want to find a place that pays attention
to detail. See if the bore gauges are clean and look like
they're in good shape. All the equipment needs to look like
it's in good shape. It may be old, because some of the best
tools are old ones-and that's fine. The new stuff is great,
but it's more the guys using the tool than it is whether the
tool is brand-new or not. It says a lot if you go into a

. 
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You can see evidence of the Lightening that was done with this btock. MetaI was removed, which lessened the weight without compromising
the integrity of the btock. Make sure your bl.ock has the proper thickness after any Lightening is done.
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machine shop and you see all the tools are well maintained
and the machines are all maintained."

DEBURRING AND LIGHTENING
"There's a big chunk of time spent deburring the thing,"

Jenckes says about the next step. "ln a Nextel Cup shop,
there are pounds of metal taken out of the lifter valley area.
All over the block, all the sharp edges are broken off, and
that kind of detailing is largely time consuming. It's a very
nasty job, but necessary. A lot of it is done with CNC, but the
final deburring is not. It's polished-almost polished
smooth-and that's not done with a CNC machine.

"There's some lightening work that's done. If you take out
lG15 pounds, you're doing it with a CNC machine. If you're
going to take out a few pounds, you're doing it by hand.
After you get done with the lightening and the block is down
to fighting weight, you're going to take all the edges off.
You're going to polish the area where the oil is going to flow
and the valleys. It's going to take a day or days, just in the
handwork at the end of it. You want the oil to flow smooth-
ly over the surfaces where possible, and you want to break
all the sharp edges because the block is going to be handled
for a long time. You don't want people cutting themselves.
You check all the threads on all the holes. Every passage is
brushed clean. After you get done with the grinding, you
have to do the cleaning up. After it has been cleaned, it goes
to lifter bore preparation, main preparation, and decking
operations."

IMPORTANCE OF BEARINGS
Engine builders are hearing about the need for smaller

bearings. Jenckes points out that main bearing sizes are
dropping and rod pin sizes are getting smaller. "lf that trend
continues, ultimately what determines bearing diameter
and width will be how much cylinder pressure you make
and how fast you're spinning the engine," he says.

"As you reduce the radius, you reduce how fast you're
moving, but you also reduce the loadcarrying capabilities
of the bearing. Because of better oils, better bearings, ild
better machining operations, you can get away with a small-
er bearing today than you ever could in the past. There are
frictional gains, and that's the primary reason for doing it.

"You have to be careful in doing that stuff. A Nextel Cup
engine is built to run one time, and then it's rebuilt. If you
have a racing engine that you're counting on running the
entire season, a couple of horsepower gained through fric-
tional loss probably isn't worth having to rebuild it five
times as often.

"When you're building your engine, you have to be honest
with yourself. What is it going to do? What is my goal? The
block is the foundation for that, so you don't shortchange on
durability. In the Nextel Cup world, the single driving factor is
durability. One engine failure can ruin an entire season. In the
2000 season at Joe Gibbs Racing, there were no raceday
en$ne failures for the No. 18 car, and that was part of the rea-
son Bobby Labonte won the championship over Dale
Eamhardt.

18  ENctNE MAsrERs.  wtNTER 2oo6

Modern cylinder boring machines can provide repeatabitity and
attention to details.

Your objective in working on the cytinder bores is to get them round
and square. lt's not a contradiction of terms, but an engineering feat
that witt yield the best results.

"Today, it is very important that you have no failures. Any
Nextel Cup shop would sacrifice the opportunity to make
power to gain reliability or reduce the odds of component fail-
ure. That's a routine decision that is made. People think that
horsepower is king. It's not. It's durability. At home, when
you're building an engine, you need to be honest with your-
self. Running a smaller bearing could increase your chances
of failure. That will just cost you a lot of money, and if you.
fall out of a race that you could have done well in, it's a very
poor decision. A couple of horsepower is rarely going to
make the difference in winning or losing a race. Finishing the



race is almost always going to help you in whatever type of
racing you do.

"The main thing you want to do is make sure the bear-
ings fit properly. There are more important things than
reducing bearing size."

The jury is still out on the need to Scotch-BriterM bear-
ings. There seems to be only one course of action that
works best. "Follow the bearing manufacturer's instruc-
tions to the 1]" Jenckes says. "lf you want to have a bearing
coated, that could be a viable thing. Coated bearings can
buyyou some added protection.lt can be a life preserver in
a bad situation, but you have

got the money to build for power, but you can't take the
thing apart and service it properly, you're better off tak-
ing a more conservative approach."

THE NEXT STEP
We have lightened the block, cleaned it up, and done a

thorough inspection. Where do we go next?
"Basically, after you have the fundamentals done, you

can talk about the bore itself," Jenckes says. "There's a lot
to be said about bores. The most important design ele

ment is, at operating tempera-

Eq ture, to have a round and
square bore or have a bore

Racing-engine blocks can
be composed of various

materials. Poputar choic-
es include aluminum

and iron.lligh-l.evet
engines are using a
compacted graphite
iron [CGll for today s
competition.

that [is as close to
cylindricall as possi-

ble. The piston runs up and down, and if
the bore is round and straight, you can

run tighter piston-towall clearances.
Your rings are going to perform

better. You're going to have
less friction. This whole inter-
action between the block and
the piston and the rings has
a lot of performance that
can be left on the table. The

entire combustion process has to be
sealed by the rings. If the rings aren't

working properly, you're going to be losing
power. Having good sealing is critically impor-

tant to making the engine work."
Jenckes points out that great strides have been

made to make bores cylindrical. "You find pretty quickly
that these hot honing techniques people are talking about,
even used at the Street-Stock level, are going to get you
power. You need to hone the block at operating tempera-
tures, and you need to have the honing oil hot, not just
putting water through the water jacket. The oil needs to be
heated to anywhere between 150 and 190 degrees. Getting
the block up over 120 is probably a good area to be oper-
ating, but if you can get it to 150, it's better. You have to
have hot honing oil. If you heat the block up and douse
cold honing oil on it and then hone, localized cooling is
going to distort the bore. With a production block, you have
allthese residual stresses built up in the block, and the bore
distorts tremendously. We're talking about multiple thou-
sandths of an inch, like five thousandths. When you have
piston-towall clearance of eight thousandths and a distor-
tion of five, that's a huge percentage."

GM PertorlHI:e
to be very careful with l
that. You're not going to ,r1i'
Scotch-BriterM something
that's coated. Cleaning
them up is generally a
good idea."

KNOW YOUR
GOALS

Jenckes reminds
engine builders to keep
their objectives in mind.
"Before you even get into
block preparation," he says,
"you have to ask yourself two
questions: How much money do I
have to spend, and how much
maintenance can I do? If this
engine has to go together
and stay together for an
entire season, that's one
consideration. If you take
it apart a lot more and serv-
ice it, then you can do more
things to make power. It's not
just the cost of the power; it's
also the cost of the mainte-
nance. What happens in a lot of situa-
tions is that guys just don't have the
time to maintain them. Thev don't have
enough engines to be able to rotate them, and that's
where the added cost comes in, not just chasing horse-
power. The most important thing to be successful in rac-
ing-engine development and building racing engines, for
either a customer or yourself, is to be honest and realize
how much maintenance you have time for. In a lot of
cases-again, just like in Nextel Cup racing-it may be
more important to spend the time preparing the chassis
and preparing other things, or getting more seat time if
you're a young driver, than to spend time on engines. In
Nextel Cup racing, engines are not the most important
thing. They're important. It's still motorsports, so the
motors are still important, but it's not the most impor-
tant thing. You need to prioritize your resources and
decide early in the game what you are building. If you've
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The goal is the perfect circl+actually, a perfect cylinder.
While being round and square may sound like a contradic-
tion, it's the ideal objective. "The cross section is a perfect
circle," Jenckes states, "and it's perfectly square because
the cross sections are true, so it's round and square. It's a
perfect cylinder."

MORE ON HOT HONING
Jenckes believes that hot honing, when done properly,

can be beneficial. "lt is certainly a technique that has been
proven fundamentally sound at all levels," he adds. "ls there
one brand of hot hone that's better? No. It's not to say a guy
at a machine shop can't build his own hot honing apparatus.
There are many on the market, and people need to evaluate
them. It is absolutely a technique that is good at all levels
because it provides the foundation forwhat is goingto come
later, which is how the rings are going to perform and how
the pistons are going to work. The trend is toward lighter
pistons and higher shaft speed."

MATERIALS
Today's engine block can be made from one of a number

of possible materials. While many of the racers are dealing
with simple gray iron, the composition of the block must be
taken into consideration.

"There's something called compacted graphite iron, or
CGI, that has about 50 percent more tensile strength than
gray iron," Jenckes points out. "That material is being used
in all levels of motorsports for highend racing blocks. That's
a good foundation.

"There are different types of iron-gray iron, nodular
iron. All of these irons have different chemical makeups and
different properties. Depending upon where the block was
made, the foundry, and the metal used, you can have differ-
ent performance from them."

Each type, from the CGI down to the gray iron, has its
unique properties. "Most of the blocks ordered in Cup today
are CGI, and it's harder to machine," says Jenckes. "The big
downside for compacted graphite is that you have to tap it.
You have to be careful because you'll be breaking taps. It's
tough to machine, and it's also much more sensitive when
you hone it. The honing aspect of it becomes critical. In
most Street Stock stuff and late Model stuff, you're limited
in what block you can run."

BIGGER PACKAGE
As the block preparation work continues, the elements to

produce power start to come together. As Jenckes empha-
sizes, good ring seal is critical.

"You have to look at the cylinder kit, which is the bore,
piston, rings-those components," he says. "Some of the
things that are critical in getting good ring seal are the finish
of the bore, what level you hone it, how you hone it, even
what you hone it with, and not the least of which is the guy
honing it. Machines make a lot of it easier. I can remember a
guy standing on top of the block with a Linch drill motor,
and that's how blocks were honed. It worked fine. Part of
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Boring for cam bearings is a precision step in which modern engine
buitders rety on high-cost machinery. When buitding an engine,
there's plenty of emphasis on the operator as wellas the machine.

that was the guy operating it. He was so skilled he could feel
a block burnishing just by the increase in the motor speed.
When they came out with machines, you could watch a load
meter run while you were honing the block. There are a lot
of machines out there now that can help the average guy
hone a block than ever before."

COATING SLEEVES
According to Jenckes, there has been some experimen-

tation in appl5,{ng coatings to cylinder sleeves.
"Nickel silicone carbide is a ceramic that coats the par-

ent metal of the block, or the sleeves are coated and placed
in the block," Jenckes explains. "Coatings are difficult.
Whenever you coat something, you have to be very careful
that the coating sticks. There's a substrate on the parent
metal you're applying a coating to that's an integral part of
the chemistry. In a cylinder block, the iron itself is not
homogeneous. As they pour the iron and it cures, it's not
consistent throughout the block. The chemistry of apply-
ing a coating to an iron block is problematic at best. A
sleeve is easier to coat because the material can be com-
pletely homogeneous. It can be a tube that is specially
made to be coated. The chemistry is much easier, but even
then you can have coating slips, and that can be a problem.

"lt used to be that people didn't use sleeves, thinking a
sleeved block was a bad block. Today, they're different
sleeves. Some of the sleeves they're running in motor-
sports are 0.0004 inch, and that's not much of a sleeve.

"There are some significant advantages to running
sleeves. Many people don't believe in them and say they're
a bad addition, [but] many people have had good luck with
them. So we're not going to find anyone saying sleeves are
perfect, or they're great, or they're junk. There's still a lot
of debate over it. Like anything else, you can build winning
engines with or without them, but you have to be careful
how you handle each side of it.

"As far as friction reduction by using a Nikasil coating, I
don't know that I have personally seen power gains just by
doing the Nikasil. In and of itself, it may not be a power
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The four-bolt main is a preferabte way of making tong-tasting power.
You _c91 get power from a two-bolt, as proyen in the drag racing
world, but endurance can become an issue.

gain, but you may be able to build power you couldn't
have without it by using other technologies."

SEEKING THE RIGHT BORE
Jenckes found a posSible advantage of using sleeves:

They come with bigger bores. "Today, people find that par-
ticular bore and stroke combinations are very effective," he
adds. "Typically, people are running bigger bores and they
find that, no matter what the application, a bigger bore may
be helpful. I'd certainly say that's the trend in Nextel Cup.
Obviously, if you want to make a block last a long time, you
can't go to the big bore size immediately. You'll get one
rebuild, and then it's junk. A sleeve can allow you to go to
your optimal bore size. When you have problems, just
replace the sleeves.

"Some teams in Nextel Cup use sleeves, and some don't.
In Nextel Cup, the well is deep money wise, but it's not end-
less. Consider that you can use a smaller number of pistons
and crankshafts, and that means less money tied up in
crank and piston inventory. Some teams might approach it
from that standpoint."

POWER FROM BORE CENTER
Bigger bores have proven to have better results in most

cases. "A larger centerline is preferable because it allows
you to have a bigger bore," says Jenckes. "A Ford block has
an inherent handicap compared to a Chewolet or the cur-
rent Dodge because of the smaller centerline. Having more
metal there, other than a weight handicap, means it's more
stable and it can allow you to run a bigger bore.

"Most racing has some kind of displacement rule. As
long as there's not a bore size rule, you're probably better
off running a bigger bore and shorter stroke if engine speed
is not limited. If you are limited in engine speed for some
reason, say an rpm limit, then always going with a bigger
bore may not be the way to go, depending on how low the

speed is. At higher shaft speeds, bigger bore engines help
the cylinder heads work better. In Nextel Cup, 4.18b inches
is the biggest bore size you can have. Even if you have 5
inches between bore centers, it doesn't help you other than
the fact you've got more metal there to be stable. Then you
have to worry about the weight. The trend has been toward
bigger bore cylinders. GM is working on a neq next€ener-
ation Nextel Cup engine with a bigger bore center."

CAM AND CRANK PLACEMENT
There's a design movement to position the camshaft

and the crankshaft higher in the block. This begins our look
at valvetrain geometry.

"You move the camshaft up to shorten the pushrods,"
Jenckes explains. "Obviously, with very high spring pres-
sures, a shorter pushrod is a stiffer pushrod and a lighter
pushrod in general. In the valvetrain, you want things stiff
and light. There's some kind of optimal stiffness-tomass
ratio that you're going to go after. Having a shorter pushrod
that is directionally correct may actually be negatively cor-
rect for the valvetrain geometry. You have a shorter dis-
tance to go, so you make more angularity in the pushrod.
Ultimately, time has proven that the shorter pushrod path
is a better path to go down. In very few cases would you
find arguments where you want larger pushrods.

"The second thing you'll find is that the camshaft diame
ter goes up. It increases the radius of the cam on the base cir-
cle, and the raised curvature goes up, so it is directionally
correct for valvetrain dynamics. When you have a larger
base circle, you have a lot more room to work with the cam
profile. For the transitions, a larger radius can be smoother
than a very sharp one. Having a larger base circle means you
can have better valvetrain performance."

MAIN STRENGTH
A final topic of consideration is the number of,bolts for

the main caps in the block. It's the classic twobolt versus
four-bolt argument.

"A lot of power can be made out of a twobolt main,"
Jenckes offers. "lf you work in the world of drag racing-
stock eliminator stuff-you see this. Drag racing forces peo
ple to use production blocks. With the twobolt main stuff,
they make ungodly horsepower. The question is, how long
do you make it? In a Nextel Cup engine, in round numbers,
you're making 800 hp, and there's a lot of cylinder pressure.
Because of that, you have to retain it over time. And that's
where you get into the twobolt versus four-bolt.

"A four-bolt is a stronger combination if done properly.
Almost all Nextel Cup engines use splayed main caps,
which are much more satisfactory than the vertical four-
bolt. Again, you're tyrng in more material. It's all about sta-
bility. It's more about peak performance in the long run
than it is about the capability of a twqbolt block that can
make power for a short period of time. Like I said, the stock
eliminator blocks are a perfect example of two bolts that
make power-some make as much as a Nextel Cup engine.
They just don't make it last as long." EM
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