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It's been said “speed is just a question of how much you
want to spend.” There's a lot of truth in this statement.
People with big incomes and racers with sponsors can
afford to build 7-second cars. But remember also that
speed comes with compromise, and an engine built to
make 600 horsepower at the track won't idle smoothly, get
decent fuel economy or go 100,000 miles between major
overhauls, Performance modifications are frequently called
“upgrades,” but we need to keep in mind that the
performance is what’s being upgraded, and oftert you'll
have to give up some of the practical aspects, like the
smooth, reliable and economical operation that modern
cars are famous for.

So it's best to have a plan for your project, even if you
don’t have all the money to do everything right away.
Perhaps the best compromise is a car that's fast enough to
race when you feel like it, but still practical to drive to work
every day. Many upgrades, such as a four-branch manifold,
cat-back system, and induction kit give “free” horsepower,
meaning the only downside is more engine noise (that's a
downside?). These mods are also relatively inexpensive and
are "no-brainers” for any modifier. When you get into
nitrous, turbos and superchargers, you'll be spending more

money, and also getting into more risk of engine damage.
Camshafts and cylinder head work will reduce your car’s
low-speed driveability and frequently also hurt your fuel
economy (bothered?). Generally, any mods designed to
increase power at high revs will lose some at the bottom
end. Sometimes you can't have everything.

Many mods work best anly when combined with other
upgrades. For example, fitting a high-performance ignition
coil and HT leads to your otherwise stock engine will look
nice, but probably won't add any power. These bits are
designed to provide ultra-high voltage to overcome high
cylinder pressures created by high-compression,
turbocharging or supercharging. At the normal pressures
created by your stock engine, your old gakky-looking
ignition components were probably plenty adequate.
Unless, of course, they were knackered anyway, in which
case, go ahead.

So it's more than just whether or not the parts fit. It's also
important to make sure that the upgrades are appropriate
to your engine, and to your plans for it. Fitting a de-cat
pipe or a cat-back exhaust system will surely get a
performance increase, maybe even one that you can feel in
the seat of your pants. But how much of an increase?

TN
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Magazine ads are very specific with horsepower numbers, but it's important to
understand that these numbers may not always apply. Why? Because a new free-
flowing exhaust system will do wonders for a car with some engine mods but still
stuck with a restrictive standard exhaust. On the other hand, those same components
might do little (apart from sound better) for a bog-standard engine with a decent
factory exhaust system.

The mystery of how some components work together (and some don't) is why it's
important 1o talk with a tuner or knowledgeable engine builder before you get out the
tools (or your wad). Figure out how much power and performance you want, how
important things like driveability and economy are to you, and how much you have to
spend. A tuner who has experience on modern engines will guide you to the best
answers for your needs.

So, what are you waiting for? There’s plenty of horsepower out there, just waiting
for a home under your bonnet.




Who needs a tuner? Well, at some point, anyone
interested in building a quality, reliable performance
car will. There’s always going to be someone out
there who knows a little (or a lot) more than you do
about transforming a standard motor into a tarmac-
shredding missile. An experienced tuner fully grasps
“The Big Picture,” of how everything under the
bonnet works as a complete system, not as individual
items. All this complexity makes tuning a modern
engine more challenging, especially when
aftermarket high-performance parts are thrown into
the mix.



If you've read this far, you've probably already started calling and e-mailing tuning firms with questions
about the engine mods you want to make, Maybe you're still looking for a tuner. If so, this section will help
you choose a good one. Even if you already have a tuner lined up for the job, this section will help you
determine whether he’s the right tuner for you. Is he a good technical consultant whose advice you can count
on, a teacher from whom you can learn how to set up your car, and a businessman whom you can trust?
Yeah? Cool.

First impressions can be misleading. Tuners have to make a living just like the rest of us, so at some point
in their relationship with a customer they have to make some money. Many tuners don't just tune cars. They
also sell high-performance products. So being a tuner is a balancing act: a good tuner dispenses advice about
how to go faster, and he also sells the goods and services to make it happen. You're employing this guy to
help you improve your car’s performance, He's going to tell you how to get there, and much of his advice
will be free, But he's a businessman, and he's in business to make money. Sure, he wants to have fun, and
hang out with other enthusiasts, but he does have a bottom line. So keep this in mind when you're searching
for the perfect tuner.

What should you look for in a tuner? Someone honest, knowledgeable and affordable, someone who will
help you prioritise your modification plans, who will step up and do the job for you when it’s over your head,
but who'll also willingly step aside when he thinks you can handle the job yourself. Maybe you can't judge
a book by its cover, but you can rate a prospective tuner by answering the following questions.
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Tuners are not all the same, Some “tuners” are in business mainly to sell
high-performance hardware. These guys often know something about the
kit they sell (some actually know quite a lot), and some of them will even
install the products you buy from them on your car. But they often don't
provide tuning services such as flow bench and dyno work, custom
machining, welding or fabricating. In the initial stages of a project (when
you're upgrading the wheels, tyres, brakes, suspension and installing bolt-
on performance mods) a guy like this might be perfectly satisfactory.

Other tuners are more “hands-on” - they don't just sell speed products,
they act as technical consultants to their customers, sell them the products
and/or services they need to improve their car's performance, and then
install the product or make the necessary modifications. If you're not
already blessed with mechanical ability and plenty of tools, get yourself a
"full-service” tuner like this. What you need is someone who can serve
you not only as your technical guru, but who can help you reach your
performance goals by doing some or all of the work for you. Novices often
waste thousands on inappropriate mods because they don't take into
consideration how one mod affects another. The full-service tuner can
save you a lot of aggravation and money in the early stages of designing
and building your project vehicle because he’ll help you make good
decisions on expensive upgrades that require some planning.
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the
tuner know
what he’s
talking
about?

'Does

There are no shortcuts to becoming a good tuner. The best ones are
standing on top of the tallest piles of broken parts. Basically, all
tuning knowledge comes from taking chances, trying out new
ideas, adding what works to the performance repertoire and
eliminating what doesn’t. Don't let your car become just another
rung on the learning ladder - in other words, make sure your
tuner's broken-parts-phase is behind him

To the real tuner, there are two kinds of experiences: good
experiences and . learning experiences. When a modification
works the way it's supposed to, that's a good experience, When it
doesn‘t, that's a learning experience. A good tuner isn't afraid to
make mistakes, but he doesn't repeat those mistakes. He learns
from them and moves on. And good tuners use their own vehicles,
not customers’ cars, to research and develop new products and
services. If you decide to work with a tuner who intends to use your
car as a test-bed for new ideas and/or products, make sure you get
paid for this service, perhaps in the form of free or discounted parts
and labour.

When asked about his background, a novice tuner looking for
new customers might fudge the truth a bit. An experienced tuner
who's been in business for a while won't need to. If his workshop
is neat, clean and filled with hand, power and machine tools and
clean vehicles, and he's
got an office full of
trophies from the
track and photos of
smiling customers
and their cars,
then stick
around

Some of the best tuners gained their special knowledge and skills
working for a car maker, garage or even a racing team. A former car
factory employee might even still have some backdoor connection
to the factory, to gain insights into the inner workings of, say, the
latest engine management systems, unavailable to his rivals.

Some people will tell you that tuning is art; some will tell you that
it's science; some will tell you it's both. But it's neither. Tuning Is
engineering. Good tuners may not be engineers, but they do have
“engineering minds,” i.e. they understand physics, mechanics,
hydraulics, pneumatics, electronics, etc. enough to define a problem
in engineering terms, and then solve it the way an engineer would,

Look for a tuner with experience not only with spanners but also
in machining, welding and fabricating. Someone with these skills
onsite won't be relying on subcontractors, or be sending you across
town to another outfit you're not familiar with,

You'll also need a tuner with sharp analytical and diagnostic
skills. Does he have an exhaust gas analyser, fault code reader, an
oscilloscope, rolling road and a flow bench? If he doesn't, he
shouldn’t be tuning modern cars. Just having the gear is a good
sign, because these tools are too expensive to buy just to impress
customers, If things go wrong, knowing how the engine
management system components interact with each other means
he can approach problems systemically and solve them logically.

Look for a tuner with satisfied customers. Word-of-mouth
advertising should be part of your search, but don’t
make it the only part. Remember, no-
one actually wants to admit
they've had a poor job
done on their car.

11
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Most tuners are set up for mail order, and when you're
buying wheels, tyres, suspension components, tune-up
parts or bolt-on performance goodies, mail order prices can
be hard to beat. But, if you're planning to do modifications
that require precision machining, welding, fabrication or
actual tuning, don‘t get into a long-distance relationship
with a tuner unless absolutely necessary. Even if his
reputation is sterling, you don’t want to/get involved in
lengthy e-mails, phone calls and rewrapping and returning
custom parts that don’t fit or don’t work.

Ask yourself some questions here - your car's probably basically okay
the way it is, so why do you want to spend money making it faster -
to pose, make you feel better, or to seriously race? Things like this,
coupled with how much dosh you've got in the first place, should tell
you how much to blow on engine tuning. Some mods are more cost-
effective than others. A pro may have upwards of twenty grand in his
engine, but is a twenty-g motor twice as powerful as a ten-grand one?
Er, no. You'd be amazed how many people spend megabucks on one
part of their car, only to ignore the rest of it because they're brokel A
good tuner will sit you down before you spend a penny, and have you
do a “build sheet”, which is an overview of what you want to do your
car, and how much each mod's going to cost. The total cost gets into
five figures pretty quickly, so shop hard when buying parts. Is your
tuner ripping you off? Compare prices of everything you'll need on the
internet, mail order, etc

Always be straight with a tuner about how far you want to go, and
what you can really, really afford. This is your hobby (okay, maybe it's
your obsession!), so don't let it snowball to the point that it interferes
with essential living expenses. Figure out how much money a month
you can realistically afford to spend, then divide that into the total
estimated cost of the project and you'll know roughly how long it's
going to take to get there. You'll also know the true meaning of
affordability!



tuner easy to get along with?

Project vehicles are like new buildings - work proceeds in spurts,
with long intervals of waiting (for parts, rebuilds, custom
fabrication, etc). So patience is a virtue you must have, or must
learn, putting together a project vehicle with the help of a tuner

Even so, nobody wants a tuner who's unable, or unwilling, to
deliver goods or services on time, particularly if the car in question
i5 also your daily driver. Be realistic. If you can't afford to be without
a car for lengthy periods of time, either borrow something, or look
for a tuner who'll work on your car when you don’t need it, like
evenings, or weekends, or holidays. Some projects are unavoidably
time-consuming - don't hook up with an over-optimistic tuner who
promises things he can‘t deliver.

The flowbench:
The tuner’s wind tunnel

If you're looking for a tuner to re-work your
cylinder head for optimum airflow, look for one
who owns and knows how to use a flowbench.

ince the power output ot an engine 1S directly proportionai

e amount of air it can inhale, 8 good tuner a

r io l]"{ W Iin the ai ' 50 the engine car
wuch mixture into the combit ambers as possible, Ir

s0, he must be able to e the volume T ¢
hrouagh the intake manifold and the cylinder head to
heck that his modifications have done the business. The device he
jses to measure airflow through the intake manifol 1 the
cvlinder head(s) is known as a flowbench. For tuners. the
owbench is an essential tool - without it, you're just guessing

mod your head without one
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| Horsepower talk is cheap when you're sitting around, kicking

| tyres and telling lies with your mates. If a friend claims a certain
amount of horsegéwer for his car,‘gi'r'u he prove it? Do you"\
care®The only Way to Be sure is to subject it to the ultimate
tuning tool: the dynamometer. A dynamometer is a device that
can accurately measure horsepower. There are two kinds of
automotive dynamometers: engine dynos and chassis dynos.

7

’



Engine
dynamometer

Engine development work is easier with the engine
removed from the vehicle and fitted to an engine

dynamometer. An engine dyno is capable of “loading” the engine as if it were being run while'installed in
the vehicle. Engine dynos can provide a very accurate picture of an engine’s power output because they
measure power at the flywhee!, with no power losses through the transmission/transaxle or driveline. This
means, of course, that the engine must be removed from the vehicle and installed on the dyno. Then all the
auxiliary systems - fuel supply, electrical supply, exhaust extraction, intake air for combustion, air flow for
cooling, coolant temperature control, throttle actuation, etc - must be provided. Because of these
requirements, engine dynos are usually installed in enclosed, soundproof “test cells” that can provide the
engine with these auxiliary systems. Despite the complexity of setting up an engine dyno/test cell site, engine
dynos are popular with car makers and engine developers because of the degree of control over the test
parameters made possible by isolating the engine from the vehicle. Serious developers and researchers want
repeatability (consistent results from test to test) unaffected by factors that can’t be controlled by the tester.
They also want the capability to install special testing sensors and to make easy adjustments and changes to
the test engine. For these reasons, engine dynamometers are used extensively by car makers to develop new
engines, and to test them for reliability and endurance. Engine dynos are not used much by aftermarket
tuners because testing an engine out of the vehicle isnt practical, or affordable for most customers,

Chassis dynamometer
(rolling road)

If a tuner proudly shows off his dynamometer when you “take the tour”
of his shop, chances are it will be a chassis dyno (rolling road). The rolling
road is the dyno of choice for most tuners because it allows them to test
an engine’s performance without removing it from the vehicle. A typical
rolling road uses a series of big rollers that are connected to some type of
power absorber capable of controlling the load that's applied to the rollers.
To measure horsepower, you simply drive the car onto the dyno, position
it so that the drive wheels are resting on top of the rollers, start the engine,
put it in gear and record the data. The chassis dyno operator can dial a
specific amount of load into the rollers to simulate acceleration, passing or
going up a steep hill. Another advantage is that the chassis dyno delivers
“real world" numbers, i.e. it gives the actual power at the drive wheels
(bhp at the wheels), not the power at the flywheel. The flywheel figure's
always more impressive, because you lose some power through the car’s
drivetrain (gearbox, driveshafts, tyres, etc). The disadvantage of a rolling
road is that the results aren't that consistent or repeatable because of these
driveline losses. Even things like tyre wear, pressures and temperatures can
influence each dyno run.

15



dn-ssaJup juswiauaduwos aubuy




We took this 1994 Accord
engine ¢compartment from
sorry-looking to sensational
with inexpensive, easy-to-
fit parts from our local car
accessory shop. This
Chapter shows you how we
did it allystep by step.

Pop the bonnet on atypical modern hatchback, and what do you
see? Black plastic air filter housing, black air intake duct, black
battery, black radiator and heater hoses, black vacuum hoses, black
fuse box, black electrical harnesses, black accelerator cable, black
valve cover (with, of course, a black oil filler cap), black ... . A sea of
black! Oh wait, hang on, there’s a grey bit over there - phew. Is your
engine compartment dressed for a funeral or something? Did the
engine just die?

Show-car engine compartments don't look like midnight in a coal mine, so why should
yours? Look how we transfarmed the engine compartment shown above - this only took a few
hundred quid and a couple 'of weekends.
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Detail vour engine

compartme
| g |

< 1 _’lﬁ " /l'. i *

N\ - ¥ 4 &

/

Before we talk about things you can do to dress up your
engine compartment, let’s take a few minutes to discuss
detailing. This, in case you're wondering, is another word for
cleaning, which is a good thing to do even if you never
spend a penny to trick out the engine bay.

After 20,000 or 30!
engine oil. Brake fluid, po

that one day you'll hear the dreaded
playing with a full 12 volts
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Engine washing

n a basic wash and detail, a clean engine might need nothipg more
than a simple soaping up and hosing down. If you can’t remove the
accumulated dirt and grime this easily, stronger measures are called
fon, Chemical cleapers for degreasing engines are available at your
ocal car accessory shop, and there are even some effective
household cleaners, Most oven cleaners work well on heavy grease
deposits ap your enginegiand many household liquid @r spray
cleaners will also work in most cases. Observe all the cautions on
the container, and wear rubber gloves and eye protection when
hasing off this stuff - some of these cleaners are caustic, and most
can damage your eyes and skin,

Proper engine cleaners are even more effective than household
cleaning agents. Gunk is'a widely-available brand that has been
ised for many years, but it's not the only option. Some of the
engine cleaners are available in both spray and fgam - the foam
type is good at staying in place on vertical surfaces such as timing
covers and the engine bulkhead.

-

Pressure washing
On engines with heavy grease deposits, it's helpful to have some
kind of pressure to help loosen theé deposits. Renting or buying 2
pressure-washer is the best solution if you're willing to spend the
maoney

The local coin-op carwash or supermarket jet wash is an ideal
place to clean your engine. Theres plenty of pressure, hot water
angd even soapy water to wash off the chemicals before rinsing withy
clear water. But don't forget your mobile - if your car won't start
after a vigourous session with the jet wash, you'll be stuck (see
‘moisture’}s Some people favour sprayingien the Gunk fifst, then
driving to the jet wash - this is a good way to start dissolving the
grot, but remember those cleaning solvents might have burnt off
by'the time you get there!

-

Steam cleaning

The third option is 1o take your cag.to a place that does engine
steam cleaning. Before the general availability of good consumer
engine cleaners in spray cans, this was the only option, and you had
to "know where to go” togeven find a capwash that did epgine
steam-cleaning. As its name implies, this process involves a pressure
spray of really hot water and solvent. It does a superb job of
remaying baked-ongrease and dirt#from engines, gearboxes and
running gear. Many professional modifiers and tuners make the
steam-cleaner their first stop when starting a new project.

Steam cleaning, if you can find somewhere that still does it,
cleans everything extensively. The only drawbacks are that it can
remove paint from,_the engine or from painted accessories,
especially if the paint'is already begifining to flake of'peel off from
age, chemical exposure or heat, and can also damage rubber
components,if you're not careful. But if youre going to go all the
way with engine compartment detailing, this shouldn’t matter that
much because you'll eventually repaint mast components anyway.

-

Moisture
Another problem with pressure washing and steam cleaning Is
moisture, which isn’t good for ignition and fuel system
components. Keeping critical components dry during engine
cleaning is a precaution that should be taken no matter what wash
method you use - hose, pressure-wash or steam. Of course, the
best plan is to avoid getting water on sensitive components in the
first place, but with steam @eaning it's pretty much unavoigable!
Steamy, pressurised water can get inside your distributor cap and
other places that you think are completely sealed. Your engine
might start but run goorly after a stéam bath, or it might not start
at all. So have some WD-40 and some clean rags handy. You might
have to dry out the distributor cap or the boots at the ends of the
coil king leatiand each HT lead

To keep them from getting wet in the first place, protect the coil,
distributor carburettor or throttle body, and any car alarm modules.
These can be effectiVely covered with household altiminium foil,
plastic bags or “ding-film” plastic food wrap
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Remove the
big chunks first

After bagging or otherwise protecting vital
components, use a paint Stirring stick or an old plastic
scraper to shift the heavier concentrations of grease.
Dan't use a screwdriver for this, as.anything sharp will
scratch surfaces ahd remove paint.

Look in crevices and places where dirt collects easily,
The moresgrot you can emove this way the fewer
applications of cleaner you'll have to make.

Not too hot!

In most cases it's not a good idea to try cleaning a hot
engine. Some enthusiasts like to clean_an engine
while it's still hot because the heat Tnakes the
chemicals work faster at loosening dirt. But some
nermally-hot components such, as the exhaust
manifold (and turbocharger, if you have one) can
crack if they're exposed to a sudden bath of cold
water when the part is really hot. Like wesaid befaore,
solvent-based cleaners will evaporate (or even catch
fire) on a hot engine. If you’re doing your clean-up at
the jet wash, let the engine cool off before you start

Use lots of cleaner
Beqin your underbonnet cleanup by applying a liberal
coat of cleaner everywhere, even on areas that you
don’t think are thiat dirty. Dousehe bulkhead (Back
of the engine compartment), inner wings, radiator
and all around the engine. Work your way down to
the parts ©f the chassis that are exposed iffthe engine
compartment. Most engine cleaning products work
best if they are not allowed to dry out completely

before rinsing. If you notice that warmer areas seem
ta be drying out, spray them again with 'teaner and
let it work for the required number of minutes. Use a
brush with a long.wooden handlg and stiff bristlgs to
scrub the cleaner into areas of baked-on grease.
Remember, even the best cleaner probably won’t do
all the work foryou. 4 .

Since you're probably using strong cleaners for your
underbonnet session, either cover your wings and
windscreen cowlipanel, or washidown those afeas
right after the engine work. The cleaner and sludge
you hose off can get on your paint and cause wax
streaking, if not paint damage, when left'on too long.
it's also a bonus if you can still see through your
windscreen - don:t leave it to your wipers to get.the
muck off '

Inspect and clean
rubber hoses,
vacuum lines and
cables

After a thorough cleaning, inspect all your engine
compartment hoses and vacuum lines. if some of your
hoses are noticeably spongy or soft, it's time to
replace them. If @ll your rubbegyhoses are in good
shape, they can be made to look like new very easily.
Clean them with a rag'and any tyre or rubber cleaner,
then wipe them off withéa silicone dashispray. You'll
be amazed how fresh they look! Don't use cleaners or
silicone products on drivebelts - it can cause them to
slip and squeal. HT leads that have become greasy
from handling during spark plug changes are also
easily cleaned.

SR
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Braided covers are available in a varety of lengths and
diameters. Typical cover kitS"include covef§ in all variots
diameters, to suit vacuum lines, fuel hoses or heater hoses.
Radiator hoses are usually the largest under the bonpet (and
they lock the most impressive when they're done), so make sure
your kit has enough to do all the hoses you'd like.

Most makers of stainless-logk braided coveg kits also include
anodised aluminium “clamps™ which look just like the more
expensive fittings used on racecar plumbing. Except that they're
just alaminium rings, machined to logk like big nuts,qwhich fit
over a standard hose clip (which you can easily hide by putting
it on the side of the hose that nobody will ever see).

Before heading for your acceéssory shop to blly braided hoses;

Installation on radiator

First, unpack your kit and make sure that everything you'll need is

included. Most of these kits don’t include elaborate instructions,
but after we walk you through some typical covering
procedures, you'll wonder why you didn’t tackle this job
sooner!

it's a good idea to measure the hoses and/or lines you plan to
cover, How many feet ofbraiding do yod'heed, and in what sort
of sizes? The best answer to'start with is to buy a kit, and take
it from there. Some commonly-available kits come in two parts
-I.e. the hose bfaiding and the &nd fittings are Sold separately.
Which is a bit strange, as you can‘t really fit one without the
other, but there you go.

Before deciding that every black hose has to get the
treatment, think about whats in those hoses. They have to
come off, and that means losingwhatever's inside - hot coolant
and petrol are both dangerous, as is the refrigerant in air-con
pipework. Have you got any antifreeze or power steering fluid,
to top ugrthe systems afferwards?

hoses

Wait until the engine cools off
completely. Drain the engine
coolant (refer to your Haynes
manual if necessary), then
loosen the hose
clamp at the radiator
and slide it back . . .

. loosen the clamp at
the thermostat
housing and slide
itback . ..

2l



.. » themdisconnect the

upper radiator hose

from the radiator and
from the thermostat housing.

Unscrew'the clamp . . .

Insert the short section

of PVC pipe (usually

included in the kit) into
oneend of the braided cover to
hold the cover in a rigid tubular
shape, wrap the end of the
cover with electrical tape . . ,

. .. and then cut off the excess
clamp at the mark you
made. Okay? Now, go
do the other clamp.

P I
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.4 then remove the Now run the upper
PVC pipe and cut off radiator hose through
the frayed ends of the braided cover . .,
the cover.

When both hose clamps are

ready for installation, insert
each clamp into its cover with
the adjuster screw protruding
through the slit in'the cover.
Then open or tighten the clamp
so that it fits flush
against the inside
surface of the cover.

Install a hose clamp and
clamp cover on,
each end of the
radiator hose.




...tapetheend. .,

Here's what your covered and
clamped upper
radiator hose should
look like.

o’

.. . and cut off the
excess.

Carefully install the radiator
hose between the
radiator and the

thermostat housing . . .

'i.- -

Install a hose clamp on

one end of the newly

covered radiator hose
and nip it down so that it fits
perfectly. Don't tighten it so
much that it begins to compress
the hose. You're determining
how much of the clamp to cut
off, because the part of the
clamp that sticks out from the
adjuster screw won't fit
underneath the clamp cover,
and yoli'don't want anyene to
see an unsightly clamp exposed.
Very unprofessionall

... then tightenthe
hose clamps at
both ends.

Slide the clamp off the
end of the hose and
mark the point at
which the clamp sticks

out from the adjuster screw.

Mark it right at the screw.

One upper radiator hose

done! Now repeat this
entire procedure
for the lower

radiator hose!

e3



Installation on breather (PCV) hoses

Loosen the hose clamp and Loosen the clamp and
disconnect the PCV disconnect the PCV
hose from the valve hose from the intake Disconnect and remove
cover. manifold. the PCV hose.
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... tape the end with ... and cut off the Now, cut off the frayed
electrical tape . . . unused portion of the ends of the new braided
| braided cover. cover . . .
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- .. pull on the braided cover to
Wrap a piece of electrical ... work the PCV hose through ~ make sure that it's a tight fit over
" Insert one end'of the "!*p :,pe. ﬂf,ﬂd = the braided cover until the PCV hose so that the
PCV hose into the new of the braided metal the hose is completely braided cover won't
braided metal cover . . . cover . .. covered . . . bunch up later . ..
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. . . install a shrink ...remove the ... then use a heat Compare the diameter
sleeve over the end of electrical tape . . . gun to shrink the of the PCV hose clamps
'thehose..... - a L sleeve otheendafé toﬂ%mllestdam
v . Y “the PCV hose ¢ until it's covers in the kit. The small

tight. Now go back and do the ones in our kit were still too big
= same t to the other end for the PCV hose cla 50 we
hd * of the I%‘\Iglwse. ¢ decigd to save them for .
another project. If you try to
put the squeeze on the soft
aluminum clamp covers, you'll'
distort them (or they'll just

don't do it!
¢ Y o . - R Son s -

&
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Holdingia clamp open Make sure the clampiis . 4» then rotate the [Now install theshose

as shown, slide one positioned in the clamp so the ends of clamp on the other

end of the hose onto middle of the shrink the clamp are facing end of the PCV hose
the pipgon the intake . sleeve, release the tension down (where nobady will rand squeeze it just enough to
manifold. onit... : see it). relieve tension . , ,

' o '.H #
._‘;, | -
' ]"q [ ...install the end of ED ... then rotate the El' | That's it! You're done with the PCV hose. It's always best
| | the PCV hose onto ends of the clamp to concentrate your hose braiding efforts to the hoses at
i 1 the pipe on the | } down where they're LI the top of the engine (no-one's going to see the ones
valve cover less noticeable buried further down)

ch



— Remove the old oil
an e Ol il cop. o, tis
could be a tough job.

Most replacement dipsticks look better than the stock unit, but the
ones with billet handles are among the prettiest, so we selected a
blue-anodised billet-handled dipstick for our engine compartment

dress-up project. _

And ‘while you're at It, why not add'a matching oil filler cap? Get a billet cap! Anodised
n the color of your choice, of course. If you own a popular car, you may find someone who
does chrome Qf stainless bottle caps (or cap cavers) - go for itl

Yank out the old ... make sure that the old unit and the new model are
dipstick . . . the same dimensions, and that the level marks are in the
same places . , .

Install the new cap. You

won't find too many

engine dress-up swaps
any easier than this!

. . . then install the new

dipstick. Check out this

beautiful blue-anodised,
billet handled
model. A nice touch
for any engine.
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Wiring covers can protect your wiring from damage,
in addition to making it look good. Replacing your
old, rotting vacuum hoses with long-life silicone hoses
may even fix a vacuum leak that’s causing your engine
to run poorly. And you've got to get some high-
performance silicone HT leads in a

matching color. You'll be

enhancing your car’s ﬁ
performance as well as

giving it a cool look. /‘




Installing silicone vacuum hoses

First, break out your new

silicone hose kit(s). The

owner of this project car

wanted something blue, so

we rounded up some popular
kits in the various
diameters we would
need

05 Using the old vacuum
hose as a template,
L mark off a piece of the
new silicone hose the
same length . ..

UE ‘ ... and cut it off.

Where to start? Well, if you're
going to replace all the old
vacuum hoses, just pick a hose!
We started with some small
vacuum hoses in the vicinity of
the throttle body. Disconnect
one hose at a time (so you

don't get confused)

from the throttle

body ...

. .. and from the
metal pipe at the
other end.

-

U'? ]I Okay, push one end of
the new silicone

vacuum hose onto the
pipe on the throttle body . . .

Compare the inside diameter
(1.D.) of the new silicone hose
to the 1.D. of the old vacuum
hose, and make sure they're
the same. You can get away
with using a slightly smaller
1.D. than the one you're
replacing because it produces
an even tighter fit. But don't
fit a bigger-diameter hose,
unless you use hose clips
either end - vacuum hoses
have to be a good
tight fit, or you'll have
a major problem.

Ds ... and the other end
on the pipe at, well,
the other end, Check
the new hose isn't kinked. If it
is, air can’t flow through it. If
the new hose is the same
length, all should be well.

29



another one? How
‘bout that little short
el ped piece
con the two
pipes, right behind this
‘i.phmgm? &

Using the old
]JE vacuum hose as a
L _| template, cut off an
equal length of silicone hose,
make sure that the I.D.s are
the same, then install the
new piece on one pipe

30

.. . and on the other \ Okay, got the idea? Go ahead, do that little short piece in
\ 1|3 pipe. The bend in this | ].ILI the foreground, between the diaphragm and the throttle
| hose mustn't be too : body. Now keep going! Pretty soon, a sea of blue will
sharp, or air won't slowly begin to wash over this once clean but dull engine
flow, and you'll hit trouble compartment



Disconnect the first spark plug
wire and boot from its
corresponding spark plug. The
boots on some vehicles are
rather long, and sometimes
difficult to disconnect. Do not
pull on the wire itself; pull only
on the boot. Car accessory shops
|n8ta| 'ing Bi l icone HT laads sell special plier-like tools with
plastic-coated tips that wrap
around and grip the
spark plug boot, making
it easier to remove.

Before disconnecting the spark plug boots from the Disengage the first HT

spark plugs, make sure that you can put them back lead from any cable
on correctly. If in doubt, draw a diagram, or just - guides on the valve cover, |
work on one lead at a time (top idea). or anywhere between the

distributor and the spark plugs. |
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Carefully disconnect EachyHT lead, whether original equipment or : \Plug in the new HT
the HT lead from its aftermarket, has to be a certain length because each lead to the same
tower on the spark plug is a different distance from the distributor. distributor cap tower
distribytor cap (this is where Before fitting each new lead, make sure that the lengths are from which you just
things can get really confusing, similar and that the fittings at both ends are identical. disconnected the old lead.
if you try to remove all the
leads at once).

Doing one lead at a time (to
prevent mix-ups), keep going
until you have replaced the

Thicker leads could mean you'll other HT leads and the cable
need thicker cable ... and install the new Connect the new HT guides. Your finished
guides. So remove the guides in the same lead boot to the correct upgrade should look
old guides . . . location. spark plug. something like this.




Replacing the
breather hose
with a filter

Another colourful upgrade is to eliminate
that unsightly rubber breather hose and
replace it with a trick baby air filter.
Breather filters are available in blue, red,
yellow and chrome, and look like miniature
versions of the big K & N pancake filters. If
you fit an induction kit (or even a pancake
filter), youmight find there's no provision
for reconnecting the old breather hose.
Leaving a breather hose hanging off is not
acceptable (you'll fail the MaoT), so fitting
one of these little babies instead is a neat
solution.

.. and disconnect the breather
hose from the pipe on

Loosen the hose the valve cover, or from Fit the new . . . and tighten the
clamp. .. the old air cleaner. breather filter . . . hose clamp securely.




If the harness is already Install the new split

. ) 'I. ;__ﬂ ‘ 3 ! : ;._'-—- [ .' r . .
W|th S I It covered by the old loom over the
black plastic stuff, harness . . .
I remove it first.

Plastic split-loom is easy to fit and looks great. It will help protect your wiring
and is easy to remove for servicing. You'll never realise how many wires you
have until you have to cover them - but don’t worry, this one’s easy!

Keep pushing the new split. loom
onto the harness until you reach
an electrical connector or

anything that serves as a natural

stopping point for a continuous Now go back and wrap the
section of split loom. We junction for the three sections
stopped here because of a of split loom with electrical
junction in the harness, at which tape. That's all there is to it
point the harness splits off into Keep going until you've
. and tape the end (the end two smaller sections. At this Okay, now cover the two covered every harness
that you're not going point, pull off the end of smaller sections with in the engine
to cut) with electrical the split loom and cut it split loom, and then cut compartment with

(but don't tape it yet). them to fit. new split loom!

tape.
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accelerator
cable

The accelerator cable isn‘t something you'd
normally think of replacing unless it breaks or is
sticking. But take a minute to just look at this
aftermarket cable, clad in genuine braided
stainless steel. Are you going to sit around and
wait until the stock cable breaks to install one
just like it? Not! You're going to rush out, buy
one and install it right now!

First, disengage the

accelerator cable fromany
cable gquides on the
intake manifold or on
the valve cover.

Using a pair of spanners,

loosen the accelerator cable
adjustment nut and
the locknut at the
cable bracket . . .
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When you get home

from your accessory

shop, break out your
new braided stainless steel
accelerator cable kit, make sure
everything's there, then read
the instructions included with
the kit.

. .. then disengage the

accelerator cable from the cable

bracket. Your arrangement

might be slightly different to
this - your Haynes
manual should get you
out of trouble.

AP PGM- umF }

|

Here's the standard

accelerator cable setup.

If you've never replaced
an accelerator cable before,
take a few minutes to study the
cable installation on your car,
Note the routing of the cable
from the bulkhead to the
throttle cam on the throttle
body. Your new cable must be
routed the same way, except
that it'll look better. A lot
better!

Disengage the plug on the
forward end of the
cable from its slot in
the throttle cam.

=
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K Now gavinside the car, Okay, that takes care of .4 then pull the cable . .. and remove:the nut

stick your head under the old accelerator out of its braided steel from the threaded
the dash and, using a cable. Now grab the covering . . , fitting.

torch, logate the lower end of new cable and, usingan Allen

the accelerator cable, where it key, loosen the set screw and

connects to the upper end of remove the cable end plug from

,.g-e accelerator pedal. . the end of the cable . . .

‘Disengage the plug on the

lower end of the cable from its

slot in the accelerator pedal.

Now, back in the engine . .. but before cutting off the

compartment, pull the cable excess sheathing, make sure the

:__hrough the bullshead grommet.  cheathing is correctly routed, Just

' ) like it will be routed when the

cable is fitted and hooked up to

& ! the throttie body. Don't cut the

sheathing too short, which will Remove the tape from the
strain the cable if an engine sheathing, pull the little
> @ . mount starts to head south and cable ferrule out of the
allows the engine to move threaded fitting at the cable
Hold up the forward end of the  around. Instead, give yourself a  After you have verified that bracket (the ferrule that you
braided steel sheathing in its little *wiggle room" by leaving a your mark is more,or less where jinserted into the big nut on
installed position, and mark the  few inches of extra sheathing. If it should be, wrap a little piece  the threaded fitting back in
point on the sheathing which your guesstimate turns out to be  of tape around the braided Step 14, remember?) and
- parallels the end of the a little too generous, sheathing at the mark, slide the little
o threaded assembly you youi can always cut if off then cut off the excess ferrule onto the
just installed . . . later. sheathing. sheathing.




Insert the threaded

fitting through the hole

for the accelerator
cable in the bulkhead . . .

Re-insert the cable ferrule

back into the big nut on the
end of the threaded
fitting at the cable
bracket.

. then, working
under the dash, fit the
nut and tighten it

securely. ;

Okay. Insert the removable
cable end plug (the one you
removed from the cable back
in Step B) into its slot in the
throttle cam, Position it so the
hole that goes through the
plug is more or less aligned
with the cable (which isn't
there yet, but - be
patient - it soon will
be).

Now go back to the

engine compartment

and insert the threaded
fitting for the upper end of the
braided steel sheathing into the
cable bracket, and fit the
locknut ™. .

Now go back inside the car and,
using a torch, insert the plug at
the end.of the cable inta its slot
at the top of the accelerator
pedal. Then insert the other end
of the cable through the
threaded cable fitting that you
fitted in the bulkhead, and
shove it all the way
through the sheathing
until it comes out the
front end.

. . . then insert the

cable ferrule into the

big nut and leave it
there for a minute while you
mark and cut the excess cable
sheathing. (You're not actually
installing the ferrule just yet,
but you need to put it in its
installed position to help you
figure out how much
sheathing to cut off)

Pull the acceleérator
cable through the
end plug . ..




38

,
i, Wes;

.. . pull the excess cable
out the other side of
the end plug . . .

. .. then tighten the
end plug set screw to
hold the cable.

Once the cable has been
cut off flush with the
* end plug, retighten the
setscrew. Make sure it's tight!

Insert the end plug back
into its socket in the

24

the cable onto the cable guide
that goes around the perimeter
of the throttle cam.

— throttle cam, and thread *

Cut off the excess cable.
You won't be able to
cut off the excess flush
with the end plug, but just cut
off as much as you can.

Insert the threaded
fitting back into the
— cable bracket .

Remove the end plug
from its slot in the
throttle cam and finish
the job.

. . and install the
locknut to secure the

- fitting to the cable
bracket. Then refer to your
Haynes manual and adjust the
accelerator cable freeplay in
accordance with the
manufacturer’s specifications.
That's it!
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olished
valve covers

The traditional route for upgrading the appearance of
your valve cover has always been to replace it. But
that’s because there wasn't much you could do with
the typical stamped steel valve cover, usually painted
in an exciting shade of . . . black (which inevitably wore
off, leaving you with a rusty stamped steel valve cover). So you
went out and bought a nice aluminium valve cover to replace the

standard item.

Newadays, though, a lot of modefn cars are already equipped with an aluminium/valve cover. Trouble
is, it's not polished, or anodised. It's often just painted in a crinkle-finish black paint. It won't rust like one
of those cheap old steel valve covers, but it won't get any better looking with time, either. Which is why
we decided that the black valve cover on this Honda had'to go. But instead of replacing'it, we simply

P

removed the black paint and had it polished by a local specialist. The results speak for themselves. {
Disconnect the HT You might have a ... or more usually, a ‘
leads, noting their breather valve to pull breather hose to :]
positions. out... disconnect. |
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Remave the valve cover
reétaining bolts and
remove the valve cover.

Disconnect the earth
wire, noting where it
goes.

. .. and rinse off the valve cover
with water and a stiff scrubbing
brush, If any paint
remains, repeat steps
7,8and 9.

After you've given the
stripper.time to do
its work, scrape off
the old paint . . .

Get yourself a canof

paint stripper. Make

sure it's suitable for
automotive applications.
Some furniture strippers
might not be appropriate for
removing the paint from a
valve cover, :

if you're going to do the prep

work yourself, you'll need an air-

or electric-powered grinding tool

with some 300-gritand 600-grit

sanding discs, and a Dremel tool
or die grinder with
appropriate bits for
getting into any tight
spaces.

40

WApply the stripper

liberally to the valve

cover and then let it sit
for about 20 minutes (or
whatever period of time the
stripper manufacturer specifies).

Okay, once you've stripped
the paint off the valve
cover, it's time to prepare
the surface for polishing,
First, grind off any casting
flash and rough
edges with a 300-
grit sanding disc.
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Then $witch to a 600- Use a Dremel tool to Here are some typical Switch to a 3M cutting
grit sanding disc to get into any tight spots. tools of the trade for pad and remove any
_ produce a smgother = ' polishing aluminium. scratches caused by
finish. 4 You'll also need Some metal . the grinding discs.

polishing compound (available
at most car accessory shops or o i

DIY stores).

:
o)
We borrowed some typical blocks of polishing “rouge” |

(compound) from our local metal polishers to show you what the
pros use, Each compound is different, and is designed to bring out |
the color or shine of certain metals, The black compound is for All right, enough talk. Let's |
stainless steel surfaces; white is for “final finish” polishing; green get started. Add some \
is for throme; and brown is for aluminfum. (Of course, as {brown) polishing . .. and start i
a do-it-yourselfer, you won't need this many compounds, compound to the polishing the valve .
_ unless you plan to start polishing for a living!). buffing pad . . . cover! ,

— - e . -




A big buffing
wheel on a bench
grinder will give
you more polishing power
(polishing power is like
horsepower: you can't have
too much!). At this point,
you might consider subbing
out the valve cover to a
professional polisher, who
can buff it to a mirror-like
sheen. A professional will
jalso be able to clean the
finished valve cover better
than you can, because he'll
soak it in a hot parts-
cleaner solution, then
steam-clean it to remove
any residue from the holes.

. . . such as this area, where
the gasket has to

clear a cam bearing
cap.

»
«L
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After polishing the

valve cover, clean the

gasket channel (or
gasket face), the mounting
bolt holes and the spark plug
holes with cotton buds or clean
rag. Don't leave any of the
grease or residue from the
polishing compound in any
nooks or crannies. When the
valve cover is spotless, fit the
new gasket . . .

Carefully - so as not to disturb
the gasket or smear those little
blobs of RTV sealant -
place the polished valve
cover in position.

. «wand then (where
applicable) fit the
seals around the

spark plug holes.

Fit the washers for the
valve cover mounting
nuts ...

Apply some RTV

silicone gasket sealant

to any spots where the
gasket has to negotiate a
corner . . .

s .. then fit theputs . . .
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. . » and tighten them Refit the earth wire, Fit the grommet for the Fit the breather valve
to the manufacturer's and securely tighten the breather valve (if you into the grommet , , .
specifications. Refer to bolt. were smart, unlike us,

your Haynes manual if you you already fitted this grommet

don't know the correct torque. before fitting the valve cover!).

Don't guess at this torque. Tog
loose, and the gasket will leak.
Too tight, the valve cover could
crack or become warped.

Refit the oil filler cap, and
you're done. Is that valve

.. . orconnect the ° cover shiny, or Oops - almost forgot to mention this stuff. Get yourself a
breather hose to what? Shades are no home metal polishing kit like this one to maintain a
the cover. longer an option. mirror-like finish on your newly polished valve cover.
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Painting an exhaust
manifold heat shield

When you get enough dosh together for
a chrome-plated four-branch manifold,
you'll have the ultimate look. Until then,
you can add some colour by painting the
exhaust manifold heat shield. The only
thing you'll need is a can of high
temperature paint in the colour of your
choice. We chose white because it looks .
.. well, it looks white hot!

The surface of the heat
shield is one of the hottest
places on the engine when
it's running, so makesure
that you use a
high-temperature
paint.

Apply the high-

temperature paint
evenly to the heat
shield surface.

Yy

.. . then remove the heat s

Did we ought to say this shc
only be done when the engr

stone cold, or is that stating the obv

First, remove the heat
shield fasteners . ..

Next, remove all grease and
oil with a good solvent or
degreaser,.Then sand off all
rust and any bugs or crud
that's baked onto the
shield. You're not trying to
remove all the original
paint, you're just trying to
create a nice,

roughed-up surface

so the paint will

adhere to it.

... and install and securely
tighten the heat shield fast«
Looks a bit better, doesn't i’

Install the newly
painted heat shield . . .

T



Painting
brackets

No matter how pretty your engine bay might
look by now, all those black cast-iron and
stamped steel brackets for the engine, gearbox,
radiator and other big or heavy components

——

are aiways going to be an eyesore a .c

Of « ( ave Al 3 y machine shop (or, better vet -

! Y - —f

own one! v da wdap thie tanaardg | !
preces custom-machined trom billet. But until ther !
samply paint some of the more promiment pece
engine compartment colour scheme? The only thir . Il need First, remove the Remove any rubber
are some sandpaper and a can of spray paint. You ll be amazed radiator brackets. grommets or insulators

at the transtormation. We'll start with something easy like these from the brackets.

—
_—

o4 W -
7 ouy

Sand off any rough
edges or rust.

#hat paint to use? Broadly
speaking, any paint designed for
sse on metals will do, Even ordinary
ar aerosols can be used, as long as
you primer first. On metal When the paint's dry, . . . then fit the bracket
subject to heat, make sure refit any rubber parts Place the bracket in mounting bolts and
the paint’s heat-resistant, you removed, position . . . tighten securely.
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What happens every time you open the bonnet and want
to keep it open? You grab the bonnet prop and swing it up
into position, which prevents the bonnet from crashing
down onto your tools (or, more importantly, your head!).

But what’s wrong with this picture? Well, for starters, the bonnet can only be
locked into.one opening angle because the.bonnet prop is a fixed length, and its
upper end must be inserted into a specific hole in the bonnet that's there just for
that purpose. Okay, fine. But have you ever wished that you could open the
bonnet to the height that you want; and then justleave it there, atithat height?
Well now you can, with the addition of an adjustable bonnet prop. And in case
the whole angle-of-opening thing passes you by - they look trick, too.

Drillthe mounting bracket holes in the

bonnet channel. Be careful - don't Clean up the edges of
let the drill “pop” through and the holes with a reamer
dimple the bonnet! or round file.

-

Mark the position of
the holes you're going
to drill in the bonnet
for the prop upper
mounting bracket.

Place the mounting bracket in

position, and secure it with the
screws included in the
kit. Tighten the screws
securely,




Now go down to the Drill the mounting Clean up the edges of Install the lower
wing and mark the bracket holes in the the hole with your mounting bracket, and
position of the holes wing. reamer or round file. tighten the bolts.
you're going to drill in the wing
for the prop lower bonnet
bracket.

Attach the lower end of the

bonnet prop to the lower ... using a second spanner

mounting bracket with the boit  Fit.the spherical bearing stud to prevent the bearing stud Pop the upper end of
and nut supplied with in the upper bracket, from turning, the bonnet prop onto
the kit. Tighten the secure it with the nut tighten the nut the spherical bearing.
fasteners securely. and, .. securely. Finished!
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The condition of your spark plugs is
a good indicator of conditions
inside your engine - after each
modification inspect the plugs with
a magnifier to watch for signs of
detonation, which might indicate
changes needed in the fuel and/or
ignition programming

Understanding your on-board computer

means understanding how to get the
most out of your engine

Engine management systems began as a means
to reduce pollution by controlling numerous
fuel and emission-control components. As the
sophistication of fuel injection and information
sensors increased, so did the power and
reliability of the computer running things
behind the scenes. In the world of cars, the
computer has become a true boon now that the
initial bugs have been sorted out.

If you're making some basic modifications, and not planning to
go all out, a simple chip upgrade for your ECU can improve

As the engineers really got into it over the years, they kept
finding new uses for computer control, taking 'into account
seemingly non-emissions factors such as power steering, air
conditioning and transmission performance. Where once there
may have been crude information sampling, now cars have
higher-performance computers, more sensors, more sensitive
sensors, and impressive programming. Some cars have a main
computer with one or more “sub-computers” that process data
and transfer information between other on-board systems and
the main computer. Automatic climate-control systems, where
you set the temperature you want in the car and the system
provides just the right level of heat or cooling to maintain that
temperature, are a perfect application for a sub-computer.

Not all ECUs have a customer-serviceable chip, but
some companies offer “DIY" chips, or a postal service,
where you send them your ECU for chipping.

engine response with advanced ignition timing - to go along
with this, you may have to start filling-up with higher-octane
fuel, especially if your engine has a high compression ratio.
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Use your Haynes repair manual to locate and safely
remove your standard ECU before sending it off for
an upgrade - the ECU may be located in the cowl
(here on a German car) or under the dash. Many
are hidden in the driver’s or (especially) the
passenger’s footwell, behind the kick panel.

By themselves, engine management changes can result
in some improvement in power, but each different car
will have varying levels of improvement, depending on
how far off the factory programming was from a
performance standpoint. As with any aftermarket
product, be very careful of power improvement numbers
quoted in advertisements and manufacturer literature.
Exaggeration from the marketing department has been
known to creep into print. In some cases, the power
increase quoted may have been on a worse-case scenario,
or on 3@ modified engine that was still using the standard
ECU. In that case, @ modded engine would benefit more
than a bog-standard engine would

That’s the thing about chip repragramming - it makes
only a small gain by itself, but should make more when
other engine mods are made. Equally, some mechanical

sdiyo pue suaanduwon)

Engine management basics

engine changes won't make their advertised power
increases either, unless you do some reprogramming

A standard car may only gain 7 or 8 brake when
chipped, though it may affect torque enough at lower rpm
to improve the "feel” of the car. Now take the same
completely standard car, add an induction kit
manifold/exhaust, or a new camshaft. Have the ECU
chipped now, and the gain could be worth 20 brake.The
extra airflow and improved breathing all need more
ignition timing advance to achieve their best numbers. If
theres one lesson to learn about modifying modern
engines, it's that all your mods must work together in a
planned, integrated way to achieve the results you're
looking for. Believe it or not, some maods done in isolation
can actually make a car perform worse. It's a system we're
dealing with here.

The on-board computer is called the Powertrain Control Module (PCM)

Ern‘_um" Control ydule (ECM) or Electron ntrol Unit (ECU), ¢

the manufac of you car Apparently, rone just calling 1t

iapter, we'll use the term t

the into

lld be For purposes of thi

other parts of t 2t m" are

which m qine and send data to th

n programmed into the cc
to control various engine
Jut actuators

the "brain

em, and is specifically calibrated to optimis

fuel economy and driveability of one specific

gearbo ries package in one make/model/year of vehicle

pending on

of the electroni d||y'—r_ ontrolled fuel, \gnition and
the performance,
car/engine/




Performan
mods a
the

comput

The factory programming in your
car’'s ECU is a highly-developed,
extensively-tested system that works
perfectly for your engine in standard
condition. Remember that the goal of
the factory engineers is maximum fuel
economy, minimum emissions,
driveability, longevity and efficiency. Our
goal is performance - everything else takes
a back seat - so our programming needs are
slightly different.

Where the factory ECU programming needs some “help” for
performance use is in the ignition timing and fuel curves. Virtually
all new cars are designed to run on the lowest grade of unleaded fuel
(in the UK, this is 95 RON unleaded, but you'll find 91 RON and lower in some parts of Europe). To get more performance,
the ignition curve can be given more advanced timing and the fuel curve adjusted for more fuel at higher revs, but the
fuel octane rating now becomes a problem. When timing is advanced, the engine may have more tendency to exhibit
detonation or pinking (signs of improper buming in the combustion chamber) which is potentially dangerous to the
lifespan of the engine. Thus, if you want to alter the timing “map” in your computer for more power, you'll probably
have to go up a grade of petrol (assuming you can, of course - in the UK, 98 RON super unleaded continues to be
avallable for now, but for how much longer?)

The need for higher-octane fuel isn't always due to increased ignition advance. While most boit-on engine
modifications will work well with increased timing, the serious "power adders” like nitrous oxide, superchargers,
turbochargers and even high-compression pistons will require less ignition advance. The big gains in horsepower come
from modifications that increase the cylinder pressure in the engine (the force pushing the pistons down). Increases in
cylinder pressure really raise the fuel octane requirement in a hurry

"Non-serviceable” chips
must be carefully
unsoldered from the
board, which is why this
is usually done by a
specialized company or v
tuning shop with the
proper tools and
reprogramming
equipment

The upgrade

technicians will take |
into account the engine

modifications you have |
: B made and "burn” the

correct programming

8 into your stock chip




If you have a number of engine mods and plan
more over time, the 5200 from Hondata can
be installed in conjunction with your Honda
ECU - it retains factory idle quality and fault
code retrieval, but allows a Hondata dealer
to tune for each mod you make any time,
including control of the VTEC function
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The modified chip is §
resoldered to your car's
motherboard with just
the right amount of
heat - too much and |
the board could be
toast, so don't try this

In many new cars, the
programming that affects
the areas we want to modify is
part of a “chip” .on the
motherboard of the ECU. The chip is a
very small piece of silicon semiconductor material
carrying many integrated circuits, These are usually
called PROM chips, for Programmable Read Only
Memory. In some cases, the chip is a "plug-in® which
can be easily removed from the ECU and replaced with
a custom chip, while other chips are factory-soldered
to the board. Cars with plug-in chips are the easiest to
modify, but unfortunately are pretty rare.

It isn‘t recommended to remove a soldered chip from
the motherboard at hame. Your factory ECU is very
expensive to replace, and just a tiny mistake with the
solder or the heat source could ruin it. Aftermarket
companies offer reprogramming services for these
kinds of ECUSs, and some tuners also have equipment
to do this.

Your car could be out
of action for a few days,

either parked at the tuner's doing the upgrade, or
parked at home while you wait for your modified ECU
to come back from a computer upgrade company.
How it works in the latter case is that you order and
pay for the upgrade service from a reputable company,
and they send you instructions, forms to fill out, and
special packaging for the ECU. You remove the factory
ECU from your car (use your Haynes repair manual to
locate and properly disconnect the ECU), and send it to
the company. There, they will either replace the chip or
reprogram it. Based on the information you have given
them about your wehicle, driving needs, and
maodifications you have made to the engine, they will
custom-programme the timing, fuelling and even the
transmission shifting information on cars with ECU-
controlled automatic gearboxes, They can also change
(or remove) the factory-set rev limiter. They then post it
back, and you refit it using their instructions.

at home! B

Technicians examine
the chip reinstallation
with a microscope to
make sure it's right.




Information

sensonrs

* Oxygen sensors (0,5) - The 0,5 generates a varying voltage
signal which allows the ECU to monitor the oxygen content of
the exhaust gas. Also known as a Lambda sensor.

Crankshaft Position (CKP) sensor - The CKP sensor provides
information on crankshaft position and the engine speed signal
to the ECU

Camshaft Position (CMP) sensor - The CMP sensor produces
a signal the ECU uses to identify number 1 cylinder and to time
sequential fuel injection.

Air/Fuel Sensor - Some models are equipped with an air/fuel
ratio sensor mounted upstream of the catalytic converter.
These sensors work similarly to the O sensors

Engine Coolant Temperature (ECT) sensor - The ECT sensor
monitors engine coolant temperature and sends the ECU a
voltage signal that affects ECU control of the fuel mixture,
ignition timing, and EGR opetation.

Intake Air Temperature (IAT) sensor - The AT provides the
ECU with intake air temperature information. The ECU uses
this information to control fuel flow, ignition timing, and EGR
system operation.

* Throttle Position Sensor (TPS) - The TPS senses throttle
movement and position, then transmits a voltage signal to the
ECU. This signal enables the ECU to determine when the
throttle is closed, in a cruise position, or wide open.
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* Mass Airflow (MAF) sensor - The MAF sensor measures the
mass of the intake air by detecting volume and weight of the
air from samples passing over a hot wire element.

« Vehicle Speed Sensor (VSS) - The vehicle speed sensor
provides information to the ECU to indicate vehicle speed.

EGR valve position sensor - The EGR valve position sensor
monitors the position of the Exhaust Gas Recirculation pintle in
relation to the operating conditions of the EGR system

Vapour pressure sensor - The fuel tank pressure sensor is part
of the evaporative emission control system and is used to
monitor vapour pressure in the fuel tank: The ECU wses this
information to turn on and off the vacuum switching valves
(VSV) of the evaporative emission system.

Power Steering Pressure (PSP) switch - The PSP sensor is
used to Increase engine idle speed during low-speed vehicle
manoeuvres

Transmission sensors - In addition to the vehicle speed sensor,
the ECU on models with automatic transmission receives input
signals from a direct clutch (or input shaft) speed sensar.

ssses
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53




sdiyo pue sdJdaanduwon)

Output
actuators

« EFl main relay - The EFl main relay activates power to the fuel pump relay (circuit opening relay).
It is activated by the ignition switch and supplies battery power to the ECU and the EFl system
when the switch is in the Start or Run position.

« Fuel injectors - The ECU opens the fuel injectors individually. On most modern engines, the
system Is called SFI (Sequential Fuel Injection), in which the injectors are fired sequentially
according to the firing order of the cylinders. The ECU also controls the time the injector is open,
called the “pulse width”. The pulse width of the injector (measured in milliseconds) determines
the amount of fuel delivered

« [gniter - The igniter triggers the ignition coil, and determines proper spark advance based on
inputs from the ECU

« Idle Air Control (IAC) valve - The IAC valve controls the amount of air to bypass the throttle
plate when the throttle valve is closed or at idle position. The IAC valve opening and the resulting
airflow is controlled by the ECU

» EVAP vacuum switching valve (VSV) - The EVAP vacuum switching valve is a solenoid valve,
operated by the ECU to purge the fuel vapour canister and route fuel vapour to the intake
manifold for combustion

« Vapour Pressure Sensor vacuum switching valve (V5V) - The Vapour Pressure Sensor
vacuum switching valve is operated by the ECU as part of the on-board diagnostic check, and
during an emission test of the evaporative system.
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computer codes

The ECUs in all vehicles manufactured since the early 80s have the
ability to monitor the engine management system'’s input sensors
and output actuators, and detect problems should they occur. This
is called the On-board Diagnostic system, or simply OBD.
~ The diagnostic part of OBD refers to the ability to retrieve information from the ECU
about the performance and running condition of all the sensors and actuators in the
engine management system. This isinvaluable information in diagnosing engine problems
The ECU puts on the CHECK ENGINE light (also called the Malfunction Indicator Light) on
the dash if it recognises a component fault

The diagnostic codes for the OBD system can be extracted from the ECU by plugging a
scan tool or fault code reader into the ECU's data link connector (DLC), which is usually
located under the left end of the dash. Your Haynes repair manual will show you the
location of the data connector (if your car has one) and tell you a lot more about the
engine management system of your specific make and model.

“*
-
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CHECK

On some models, the computer will spit out ENG'NE

troubleshooting information by flashing lights on
the computer itself or by having the Check Engine
light blink out a numeric code. On some veh
you can activate this process by simply jumping
certain terminals with a small wire or paper clip
(refer to the Haynes manual for your specific

vehicle for the proper procedure)
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Programmable engine management systems like
this one from AEM are ideal for fully-modified
racers - the standard ECU is replaced by a "plug
and play” computer that has tuneable fuel and
timing maps that can be viewed with Windows®
based software on a laptop computer, and
features on-board data-logging plus adjustable
controls for boost and nitrous. We like

High
Performance
electronic controls

In the case of some mods, particularly supercharging and turbocharging, you

need a way to control ignition timing and fuel based on something the factory

never considered: boost. Instead of the engine gulping fuel and air under

atmospheric pressure like a normally-aspirated engine, a “blown” engine is

being force-fed. The more pounds of boost applied to the engine, the more the

ignition timing needs to be pulled back, and in some cases the more fuel needs

to be injected. The aftermarket companies have a variety of add-on electronic

controllers that connect to a manifold vacuum port on your engine, and send

varying signals to the ECU based on how much boost is being applied. Some |
even have a dashboard control so that you can select the timing you need based |
on the quality of fuel available to you. When you have your engine set up for I
best results on 95-octane fuel, and you're stuck somewhere that only has 91 or

89-octane, you'll need to make a timing adjustment or risk engine damage.
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if you have a piggyback fuel or timing box, or any other
programmable management system, the dyno operator can spot
any weaknesses in your overall engine operation much more
easily than by unscientific, seat-of-the-pants driving, and he'll
know right where your engine needs more/less fuel or spark.

/A
At the track, pit-tuning a race car is much easier when you can
replay a run (from a system with data-logging capability),

compare the results with your spark plug examination and make
minor tweaks of the system before the next run. Serious stuff

When more control is needed, there are aftermarket computers
that work in conjunction with the standard ECU. The factory ECU
and its programming is retained to do all the closed-loop
emissions and efficiency programming (closed-loop means that
the ECU is in charge of all functions), while a secondary box
attaches next to the ECU, and handles the functions of
controlling timing, fuel and boost. Such boxes are called
"piggyback” units, The beauty of these boxes is that they are
user-programmable for the functions an enthusiast is interested
in. They can be connected to a PC, which will display the fuel and
timing maps and let you make changes to suit your level of
modification, Some include a fall-back map of basically stock
numbers. Once you have dialled-in exactly what you need, you
save that map. If you make new mods to the engine, go back to
that map and experiment some more. At |east one aftérmarket
unit allows you to switch, at the dashboard, between any of four
maps you have created. You could save your “street use with
95-octane” map, and your “"race day with 100-octane” map.

Now for the boring bit. As you might expect, kit like this may
or may not be legal for road use where you live. But they've gotta
catch you first!
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Ignition basics

Once you understand the basic principles of an internal combustion

engine, it's easy to see why an ignition system plays a crucial role.

For those readers who might need a brief refresher on what happens inside their engine’s cylinders,
all modern engines run in a four-cycle (or four-stroke) mode. Let's start with the intake stroke. Here
the piston is travelling down in the cylinder, creating a suction that draws the fuel/air mixture in
through the open intake valve. When the piston reaches the bottom of its stroke, it starts back up

again, starting the compression
stroke, in which the valves close and
the piston compresses the fuel/air
mixture (which can’t escape). This
makes the fuel/air mixture very dense

"DIGCITAL St

lllllllllll sssssssssssnns
<= 3R wl >

L=2R

59




L0

and capable of releasing a lot of energy when the mixture
i5 ignited. Just before the piston reaches the top of its
stroke, the spark plug ignites the mixture, beginning the
power stroke, in which the rapidly-expanding gases from
the burning mixture raise the cylinder pressure dramatically
and this pushes the piston down the bore. The force on the
crankshaft each time a power stroke pushes down is what
makes the engine go. By the time the piston reaches the
bottom of this stroke, the energy in the cylinder has gone
and the piston starts back up again, on the exhaust
stroke. The cylinder contains the mostly-inert residual gases
left from combustion, and when the exhaust valve opens
during this stroke, these gases are pushed out of the

cylinder and past the exhaust valve (o the exhaust system)
as the piston rises. This clears the cylinder in preparation for
another intake stroke, beginning another intake-
compression-power-exhaust four-stroke cycle. Or in pub
language - “suck-squeeze-bang-blow”. Ahem.

In a nutshell, that's how your engine works. You may be
perceptive enough to guess that the exact timing of some
of these events in a four-stroke cycle is critical. Chapter 8
will go into much greater detail about how the valves are
operated and how valve timing is a major factor in
increasing engine performance. This Chapter is concerned
with requirements for making and timing that all-
important spark that lights off the fireworks.
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Ignition by the numbers

At 6,000 rpm in a four-cylinder engine, each
spark plug is firing 3000 times per minute, or 50
times per second!

In a basic ignition system, the juice-path starts
with battery voltage, which is 12 volts. The
ignition coil then steps-up this voltage to 10,000

or more volts. ‘
e - _.!.:.—_ -
An aftermarket coil will typically step up the 12V .‘ ‘

battery voltage to as much as 60,000 volts.

e |

The voltages produced by modern ignition systems

L]
omputerise e o o e vy
cases eme care must be taken whe
er disconnect or

- on or around ignitic ystems
e ec l o n ' c ) touch an HT lead or ignition coil when the
] - l - l engine is running!

What they are,
and how to tell if you have one

On modern, fuel-injected and computer-controlled engines, the distributor only controls

the sequence in which the cylinders are fired, while all other timing functions are
handled by the computer

In some modern cars, the distributor has been eliminated entirely. Called DIS

(Distributorless Ignition System), the distributor function is replaced by a CPS

(Crankshaft Position Sensor) on the engine, giving the computer a reference

to where the crankshaft is rotated in relation to TDC (Top Dead Centre) for

number one cylinder. That's when the piston is at it highest point of travel in

the cylinder. Based on this and other inputs, the computer makes all timing

decisions, which are delivered to coilpacks that are in turn connected by

HT leads to the spark plugs. On these systems, the plugs are fired in

pairs (usually 1 and 4, 2 and 3). Since only one plug can actually ignite

the mixture at any time, one of these sparks is wasted, which is why

_ DIS systems are also known as “wasted spark” systems.

\  If you're not sure if you have a conventional or DIS system,
N follow your spark plug wires. If they end at a distributor driven
by one of your camshafts, you have a distributor system. If
the wires all go to a cluster of coils mounted on a plate
somewhere in the engine compartment (and you don't see

a distributor on your engine) then you have a DIS system,
Components of the DIS system include the camshaft position sensor, the
crankshaft position sensor, coils (one coil for a cluster of cylinders), igniter and the

ECU (Electronic Control Unit) or "computer”

A further development of the DIS ignition system is the coil-on-plug arrangement. On these models,
each spark plug has its own small coil/igniter pack. The coil is mounted directly over the spark plug and
bolted to the valve cover. These systems are easy to spot because there are no HT leads. The sensors
generate signals that allow the ECU to trigger the correct coil/igniter assembly at the right time. Such
systems offer the most complete control of spark ignition to date.
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High per-for-mance lgmtlon

Your tactory ignit Syst
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are all signs ot an eft
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lard tune, the JINe runs sm I

icient engine with

adequate job on a completely standard engine. In

y and the spark plugs last a long time. These

1, has goo

ation of parts and all parts working properly,

but factory ignitions aren’t well suited for high-rpm driving or engines modified to create increased
Cylinger pressure
Higher revs put an increased load on s ignition systems, and modifications that lead to

increased cylinder pressure

plugs need a ot more zap t

fire. If you fit higher-compression pistons, the spark

that is packed-in tighter than ever. The denser the

mixture, the harder it is fc : )5 e odes, like swimming through wet concrete
Other major power-boosters such as nitrous oxide, supercharging or turbocharging also create mucl
nigh cylinder pressures and require several ignition improvements

Check it out first!

To use a compression
gauge, you must have a
gauge with an adapter
long enough to reach
down the spark plug
holes - be sure to disable
the fuel pump and
ignition system, and open
the throttle as far as
possible during the
compression check,

A simple vacuum
gauge can be very
handy in diagnosing
engine condition
and performance.

Before splashing your cash
on high-performance kit,
make sure every part of your
engine’s up for modifying

Use a Haynes Repair Manual for your make and model and follow the
simple, step-by-step procedures to test engine compression, vacuum
readings, ignition performance, fuel pressure, etc. If anything’s suspect,
take care of it now, before you modify the engine. If the car’s not had a
service for a while, now would be a good time - especially an oil change,
new plugs and a new cambelt (depending on what work you're planning)

It makes no sense to add performance equipment to a knackered or sick
engine, though there is a temptation to do so. If your valves or rings are
leaking under normal driving conditions and engine speed, just imagine
how less effective they will be with an engine putting out more
horsepower. The modifications will make the car seem faster, but you're
only going to kill the engine faster, very likely doing more damage than if
you'd corrected the problems first, Read the information about engine
management systems and the retrieval of computer “fault codes” from
your car. Have someone with
a fault code reader check for
any existing fault codes. It
would also be great to have
your car run on a rolling road
to check for problems that
may only show up under
load. This would also be the
best time to establish the
“before” horsepower and
torque figures, which you
can compare to later tests
after you've had all the
engine work done.



Aftermarket
ignition coils

This aftermarket coil can
produce up to 44,000
volts: some can put out

upwards of 60,000 voltsi S

 Tum
S
Your basic distributor will work
fine with a mildly modified
engine. On Hondas, the ignition
is somewhat limited by the small
coil inside the normal distributor
as shown here. Most original
caps are made for small HT leads,
and haven't enough room for the
larger aftermarket ones.

One of the reasons standard
ignition doesn‘t handle high revs
well is that the standard
coll doesn't have time to
build the necessary
spark energy because
of the short time
between  ignition
firings (remember, it's
trying to fire 50 times
per second). Imagine
holding your thumb -~
over the end of a slow- ~
running garden hose, —
blocking the flow of
water. You release the
water and it blasts out at
first, then settles down to a
slow flow. If you keep your
thumb in place long enough the
water pressure builds up, but if you open and close it
too often, the pressure never has a chance to build
between events.

The typical aftermarket coil is capable of making more
secondary voltage than standard, and that's about it. lt\won't add any horsepower and
won't improve fuel economy (what's that then?), but it could eliminate some misfire
problems in the upper rpm range, and that will
become more important as you add other
modifications to your engine. On most engines
with a distributor and separate coil, replacing
your standard coil with an aftermarket unit is
as simple as modifications get, and it's not
expensive, either. Bonus.

An aftermarket cap like this MSD
“Power Cap” can be used on a Honda
to accept an external performance coil,
and the posts are made for large
silicone-jacketed HT leads.

This standard Honda cap has been
modified for an external coil by drilling
out the coil post and attaching this

The standard coil inside a Honda
distributor can be removed and an

aftermarket external coil utilised, with a
modification to the cap.

post adapter to accept an external
coil,




Timing controls

Exactly when your spark ignites the cylinder's fuel mix is
critical; this is called ignition timing. The mix doesn't
explode in an instantaneous flash; it actually takes a period
of time. The flame front from the point of ignition travels

through the mixture, slowly at first and then building speed
This is good, because what is needed is a gradual build of
pressure, not a sharp spike, which can be destructive to
pistons, con-rods and crankshafts. Since the mixture takes time to
burn, the spark is timed to trigger sometime before the piston
reaches the top of its stroke (Top Dead Centre). So the initial
timing is a number of degrees BTDC, or Before Top Dead Centre
Firing with too much advance (too far before the piston reaches
the top) can cause too much pressure to build in the cylinder before
the piston reaches TDC, so that the piston and the rising pressure are
fighting each other. On the other hand, if the timing is too late (not
enough in advance), the engine can’t make the most of the gas expansion,
50 power and economy are wasted
To complicate the timing discussion even further, the spark event must have a
different timing at different engine speeds. As engine speed goes up, there is less time
available for the combustion event, so the spark must occur sooner. Other factors also
influence the correct ignition timing, such as engine load, temperature and fuel mixture
If you map out the amount of ignition advance on a graph related to rpm, you have
what's called an advance curve, an important factor in performance tuning

Luckily, your factory ignition takes in information from its sensors to provide the
optimum ignition timing under all conditions. The system however, is designed for normal
driving and standard components. Once you start modding the engine, you've moved the
goalposts, and you now need to adjust the timing with something other than the factory
ECU. Chapter 4 covers modifications to your standard ECU that change the timing
parameters. That will help some in power, as long as you use higher-octane fuel to
compensate for the increased timing, but installing a chip or reprogramming your ECU will
not increase the energy level of the spark. For that you need
a CD (Capacitive Discharge) aftermarket ignition system

DIGCITAL
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For racing applications, the

ignition system can utilise a Jacobs Electronics makes the “Energy Pak” ignition
“soft-touch” keypad to make system, which can be set up either with the factory coil
instant changes to the ignition MSD’s street-and-strip SCI-Plus (Sport used as a trigger or with an external coil - features
programming - it's called the Compact Ignition) is a digital ignition include spark output adjusted for engine load (more
Quickshot Programmer, and control that has dial-in controls for spark under acceleration) and a 10-degree start-retard
can change rev limits and has rev-limit and retard functions for that works well for engines with high compression - an
a built-in LED tachometer single-stage nitrous applications. optional add-on is a nitrous control
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The CD ignition usually
consists of an electronic box
you mount in the engine
compartment, and the
wiring harness to
-onnect to your
vehicle. Your ECU
still does the
triggering and
controls the advance,
but in the CD box is a large
capacitor, which is an electronic
storage device, Juice usually comes
nto the coil or coilpack as battery
voltage (12V) and is bumped up from .
there to 5,000, 10,000 or 40,000 volts to one of your plug leads
of secondary current. In the CD ignition, The typical factory plug lead has a core of carbon-impregnated material
the capacitor stores incoming juice until fibreglass and rubber insulation, which is fine for stock
there is more like 450 volts to go to the :
coil. Now the coil has @ much easier time Most aftermarket performance leads use a very fine spiral wire wound
of quickly building up to the required around a magnetic core and wrapped in silicone jacketing, and are available
voltage for good spark, regardless of the i it flow. Some cars have
engine speed ftermarket leads come
There are different models of CD n ¢ plications. Good aftermarket
ignitions, with varying “bells & whistles”, leads also come with thic)

HT
leads

ng your engine compartment

look cc ance HT (high tension) leads

serve a very useful purpose. if you fit a high-voltage coil

)01, high-pertt

and keep your standard leads, you're asking for voltage to

n the leads under load, at high engine speeds, or

1 (blown or turboc .'":..qrgerje conditions. Voltage will try to find
of least resistance” and that could be any engine earth close

} mm, 8.5 mm and even 9

ortant, since the boot-to-
but one of the most common side benefits plug contact area is a fre voltage leaking to earth. Leads in
15 a “rev limiter.” A single-step limiter will the 8mm range are bic the spark of most modified cars,
allow you to set a specific rpm that you and the bigger le ut uch thing as having

don’t want the engine to exceed, to prevent too much insulatic
engine damage from over-rewing during a
missed gearchange or a blown clutch, for
instance (such events do happen, even if
they're not planned!). Some units are
capable of programming-in an adjustable
rate of spark retard at high revs, which is
ideal for supercharged or turbocharged 1
applications. Because of the increased W ! If you want to
cylinder pressure with boosted engines, it is check for
common to retard the spark progressively as leaking voltage
the boost level increases. CD ignition ! on your plug
systems are available for = leads, just watch
both distributor the engine
engines and running at night
DIS engines.

with the bonnet

open (do this

outdoors). If
there are breaks in the leads or boots, you'll probably be
able to see the voltage leaking like tiny bolts of lightning

If the air is damp, the voltage is even more likely to show
For vehicles up. If you look for it while your car's on a rolling road (in
that have distributorless the dark)}you can check for voltage leaks with the engine
ignition systems with coilpacks, under load. This is where your standard ignition is most

MSD makes this digital ignition box likely to break down

that features two-step rev-limit d

controls and an adjustable high-rpm
retard function for boosted engines.
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Spark plugs play an important role in a
performance ignition system, and modified
engines need better plugs - on the left are
NGK BCPR7ES-11 plugs, just one range colder
than stock Honda plugs, and a good choice
for this car, if the engine’s been “breathed-
on”. On the right are competition plugs that
feature a very fine center electrode; these
are really expensive, but are often required
for highly-boosted race engines.

The final link in the ignition system’s chain-of-command is the
spark plug. We may have mentioned this before but, as with other
ignition modifications, don't expect to make big gains in power by
switching spark plugs. Despite the wild claims dreamed up by
advertising copywriters over the last fifty years, the only time spark
plugs will make much difference on a road car is when the engine’s
really in need of a service and you fit fresh plugs. In that case, the
spark plugs could bring back 5 or 10 lost horsepower, but most
aftermarket plugs can't really make new horsepower the engine
didn’t have before

Nonetheless, there are a wide variety of spark plugs out there to
choose from. If your engine is only mildly modified, stick with the
factory-recommended spark plugs, gapped to factory specs. If you
add an increasing number of performance modifications to your
engine, you may have to reconsider what type of plugs to run, and
even what size electrode gap is best

Your first key to choosing the right plug is to examine the
ones you're running currently. Close examination of spark
plugs is the way professional racers fine-tune their engines
and detect engine problems in their early stages, before
serious damage is done. Even engine builders with
sophisticated and fully-instrumented dyno facilities still read
the plugs with a magnifying glass

You can read your plugs with an inexpensive tool from a car
accessory shop. It's like a small torch with a magnifying glass
on the end. We've included a colour-photo chart of spark plug
conditions and what they indicate about the state of the
engine - compare your plugs to the ones on the chart. The
first thing to check is that they all look the same. Any variation
in the plug reading indicates a problem specific to that
cylinder, and the engine will need a compression test and
mechanical examination to find out what's wrong.




plugs

Assuming you have made modifications, the most common
spark plug conditions you might see would indicate them
being either too cold or too hot. Each plug design is made to
operate at a certain temperature, and the final choice is a
compromise meant to work well in operating
conditions. In a standard engine, the proper plug has been
tested to give good results for many miles. However, once you
start modifying an engine and running at higher revs, with
modified ignition timing and perhaps more fuel and more
cylinder pressure, that plug i1s no longer the right choice

Spark plugs are described as being “hot” or "cold”,
referring to their heat range. High revs, high engine
temperatures and increased ignition timing or fuel flow can all
cause a plug to run hotter. When a spark plug runs too hot,
detonation can occur, risking serious damage to the engine

The compromise in spark plug heat range is bigger with a
modified engine than something standard. Doing everything
we can to make more power at high revs, we need a colder
plug to handle this, but at lower speeds our fuel mixture may
be a little richer than standard, and the colder plugs may get
soot fouling on them that interferes with driveability. A few
simple mods such as a manifold/back box, camshaft and
nduction kit will probably require a plug that is one range
colder than the standard plug

One way to keep the plug compromise of a modified
engine less of a problem is to run a performance ignition
system, with a better coil and CD box, plus improved plug
leads. This should allow the engine to run well at higher revs,
and still have enough spark energy to keep the C
finng cleanly at the bottom end. It's just ano
modification of your standard ignition system has to be a

“complete-package” approach, with no weak links

maost

colder pl
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Common
spark plug
conditions

Your spark plugs can tell
yvyou a story about how
vour engine is running

Worn

Symptoms: Rounded
electrodes with a small amount
of deposits on the firing end.
Normal colour. Causes hard
starting in damp or cold
weather and poor fuel
economy.

Recommendation: Plugs
have been left in the engine
too long. Replace with new
plugs of the same heat range.
Follow the recommended
maintenance schedule.

Normal

Symptoms: Brown to greyish-brown colour and
slight electrode wear. Correct heat range for
engine and operating conditions.

Recommendation: When new spark plugs are
needed, replace with plugs of the same heat
range.

Too hot

Symptoms: Blistered, white
insulator, eroded electrode and
absence of deposits. Results in
shortened plug life.

Recommendation: Check for
the correct plug heat range,
over-advanced ignition timing,
lean fuel mixture, intake
manifold vacuum leaks,
sticking valves and insufficient
engine cooling.



Carbon
deposits

Symptoms: Dry sooty deposits
indicate a rich mixture or weak
ignition. Causes misfiring, hard
starting and hesitation.

Recommendation: Check the
plug has the correct heat range.
Check for a clogged air filter or
problem in the fuel system or
engine management system.
Also check for ignition system
problems,

Ash
deposits

Symptoms: Light brown
deposits encrusted on the side
or centre electrodes or both.
Derived from oil and/or fuel
additives. Excessive amounts
may mask the spark, causing
misfiring and hesitation during
acceleration,

Recommendation: If excessive
deposits accumulate over a
short time or low mileage, fit
new valve guide seals to
prevent seepage of oil into the
combustion chambers. Also try
changing fuel brands.

0Oil deposits

Symptoms: Oily coating
caused by poor oil control. Oil
is leaking past worn valve
guides or piston rings into the
combustion chamber. Causes
hard starting, misfiring and
hesitation.
Recommendation: Correct
the mechanical condition with
necessary repairs, and fit new
plugs.

Gap
bridging
Symptoms: Combustion
deposits lodge between
the electrodes. Heavy
deposits accumulate and
bridge the electrode gap.
The plug ceases to fire,
resulting in a dead cylinder.

Recommendation:
Locate the faulty plug and
remove the deposits from
between the electrodes.

Pre-ignition
(pinking)
Symptoms: Melted
electrodes. Insulators are
white, but may be dirty due to
misfiring or flying debris in the
combustion chamber. Can lead
to engine damage.

Recommendation: Check for
the correct plug heat range,
over-advanced ignition timing,
lean fuel mixture, insufficient
engine cooling and lack of
lubrication.

High-speed
glazing
Symptoms: Insulator has
yellowish, glazed appearance
Indicates that combustion
chamber temperatures have
risen suddenly during hard
acceleration. Normal deposits
melt to form a conductive
coating. Causes misfiring at
high speeds.

Recommendation: Fit new
plugs. Consider using a colder
plug if driving habits warrant,

Detonation

Symptoms: Insulators may
be cracked or chipped.
Improper gap setting
technigues can also result in a
fractured insulator tip. Can
lead to piston damage.

Recommendation: Make
sure the fuel anti-knock values
meet engine requirements.
Use care when setting the
gaps on new plugs. Avoid
labouring the engine.

Mechanical

damage

Symptoms: May be caused by
a foreign object in the
combustion chamber or the
piston striking an incorrect
reach (too long) plug. Causes a
dead cylinder and could result
in piston damage.

Recommendation: Repair
the mechanical damage.
Remove the foreign object
from the engine and/or install
the correct reach plug.
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Your standard intake system is like
going through life with a head cold

. « » et it breathe!



Induction
basics

Your engine needs air to
mix with the fuel coming
nto the cylinders. At high
revs, when it’s making the
most horsepower, it wants
more air. If you start
adding performance mods,
t wants even more air.
And if that's not being
greedy enough, it would A,
ike that air to be as cold
as possible, please.

... ——

Your standard air filter box is designed for
smoothing and quietening the airflow (who
wants a quiet engine?), and it represents a
considerable restriction, especially at high revs.
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One step further away from basic
induction would be to eliminate the
standard air filter box and flexible
hose, then attach an aftermarket
cone filter right to the throttle body
- in the case of this model, there's
no room for an aftermarket intake
pipe unless the battery is relocated
to the boot. Best place for it...

turns than a

system)

into the

past the air

~ y
O
&

manitold boits to the cylir
rat maze experiment
The standard inlet
usually at
locating this pipe, hoping to
airbox. Once inside the air filter hous
ices designed 10 iy

filter, the

and other dev

Inductlon
systems

If you take a close look at most

standard air intake

;onder the engine gets enough fresh ai

systems

run at all! In the intake tract, the engineers have their

priority to develop smooth, reliable power with maximun

fuel economy and driveability. Performance is far from
their minds
A further priority

taced by factory engineers, and this

applies to engineering on all aspects of production car
design, Vibration
Harshness. As most owners want their cars to be as quiet
and smooth as possible, the engineers are increasingly
challenged. How does this affect our induction system?
the standard induction path. If you follow

intake

15 NVH, which stands for Noise,

Take a look at

the airflow from outside the car to where the
der head, you'll see a tortuous roadmap with more twists and

at the school science fair

filter housing (the beginning ot the air intake

bringing air into the a

ttempts to get some sort of

cool air in, but the factory plays it very safe ir

fan
iena

off customer problems it any dirt or water were to get
ng, the air may have to pass by plastic baffles
produced by air rushing into the engine. Once
through a “corrugated” flexible tube and

tube has only one bend

flexible tubing uset
unrestricted airflow

1t the noise
airtiow usually goes

the thro hody. If you're lucky, that

connects to

in it on your car, but some vehicles have several The
is designed more for noise-reduction than smooth,

tubing may dampen noise, but they restrict high

The ribs inside the plastic

revs airflow

To improve the air intake for your engine, you have basically three

options

§

* Your first and simplest improvement to your induction is to step L Ip

and pay the price for a panel air filter, to go inside the standard
airbox. If the car has a decent filter box design, just changing to a
quality aftermarket air filter can be worth a few horsepower

wduction kit that will replace the

* The next step i5 a performance ir

ter housing. This kit will come with it

stock plastic tubing and ¢ 5
own pleated-cotton,
aading power 10 your

'\.:!a-tif'--t away. They also sound superb. Which is nice

re serious about
on kit option

high-flow filter. So if you'

gine, go for the induct

s moditications, in aadition to

H's: 1r'-r!:;(T on fc: IT you f‘.’rlll',' air, look to improvements

in the throttle body a

need some

ind intake manifold on the engine.

On this Corsa engine, the standard airbox has gone,
replaced by an induction kit. Ingeniously, the standard
inlet air pipe (A) has been retained, only now it's used
to aim cooler air at the filter, as well as another flexible
pipe (B) that picks up even cooler air below the bumper.
Since the pipes aren’t connected directly to the filter,
there's no danger of water even getting into the engine
from driving through flood water.



The easiest power
mod you can make

The simplest modification you can make to your

standard air induction system is to open the factory

airbox, lift out the original paper air filter, then drop
in a high-flow aftermarket panel filter - these can be reused
over and over by washing them, then treating them with a
special oil.

A replacement
air filter is dead
easy to fit -
release the clips
M securing the air cleaner
top cover . . .

-

Before you fit the new
element, if you can, clean
. . . then lift the cover enough out the inside of the filter

to lift out the old element, housing. Use a damp cloth,
Take care not to strain the and make sure that none of
wiring from the airflow the dust and muck
meter as the air cleaner goes into the
cover is lifted up. engine.

A typical aftermarket bolt-on induction mod is to install a
short ram, which is a new, large diameter pipe with an
aftermarket filter - these flow much better than standard,
and make a great noise. This engine installation doesn't
allow the best design, since there is a sharp bend near the
throttle body that could slow down the airflow.

Short ram
intakes

Enrmnancs air intalroe . s . o . e h
Tormance air intakes are generally availabie in two basi

d ion kit and the "cold-air™ intake

rmarket manutacturer has tried to design

vithout any regard to engine noise

a2l TUbINg, generally aiuminum,

t thest possible bends and an interior that has a

mpes are fitted

infiguration. The

H | ore air volume
an Ity than a stock systemn
ne least exper 2 and easlest intakes to install are the short
am types. You'll spend longer getting the stock air filter box
et tube 3iling the short ram. It you have any

s @&
@

Some kits
come with a
trick-looking
sheetmetal
“dam"” - this
can keep the
hot air
radiating
from the
engine away
from the
filter
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How to fit

Our kit came with all the necessary hardware for installation.
Looks great - nothing standard-looking about this,

The Injen short ram on this Toyota is good - although not
picking up cold air, at least it's away from the hot radiator,
and there’s no chance it could suck up water.

doubts about removing the standard bits, consult
Haynes repair manual for your car. On some cars,
airflow sensor is located on the air intake, and must be
removed, then refitted on the aftermarket intake. Most

B i) SOA Vet 1y

cars also have a hose connecting the crankcase (usually at
the valve cover) to the air intake, and the standard hose
may need to be shortened to connect to the aftermarket

t be used. Induction kits

pipe, or a new, longer hose r
place the new filter relatively c
modifications to the engine or body are rarely necessary
Most induction kit installs take only a half-hour and may be
good for 4 to 8 horsepower, depending on the application
- and they sound excellent.

lose to the engi and

Fit the silicone step . . . then fit the intake
hose and hose clamps hose to the silicone
onto the throttle step hose.

Because of the upright mounting of the throttle body on this
single-cam application, even a “long” ram pipe stills mounts the
filter inside the engine compartment - the sharp bend near the
throttle body is the only detriment to airflow here.
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an induction kit

Remove the air filter housing.

On most cars, the housing is

boited to the body from the

inside. If you can't figure out
how to remove it,
check your Haynes
manual.

Connect the supplied

breather hose and

hose clamp to the
valve cover,

Disconnect the breather

hose from the valve cover,

and loosen the clamp
securing the intake
hose to the throttle
body.

Measure the length of breather hose needed . . .

Remove the intake hose and air filter housing from the
vehicle. Keep the duct and housing just in case you plan
on putting it back to standard later on.

= ‘ R L ey

1 L P

)
-
AN

(&

...then cut it
to size . . .
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... and attach the

hose and hose clamp
],l[] to the intake tube.

Attach the filter
element to the
intake tube . ..

AH

2

113 .. . and the hose ]‘q Follow the manufacturer's instructions for mounting the

clamps at the intake tube support bracket. keep that metal pipe away

throttle body. from those battery connections, or things under the bonnet
will get even livelier than you planned.

]]E . .. then tighten
the clamp . ..

7k



Longer rams can pick up
colder under-car air - this

the battery box and gets

and features a radiused

|ntakes

Did we say colder air was important? In performance
terms, the colder the air, the more power you make. For every
drop of 10-degrees in the intake air fed to your engine, your
power goes up about 1%. That may not sound like much, but if
you have a 150 hp engine now, and you manage to reduce you'r
ntake air temperature by 100 degrees, you could gain 15 brake!
Air gets denser as it gets colder, so more air is packed into the
enaine, even with the same volume of airflow.

Aside from the power boost, aftermarket intakes just look cool! Available anodised in blue,
red, or purple, a chrome-like high-temperature coating, or a polished finish on the metal tube,
they make the most powerful statement that your engine is modified. That “wow” factor
when you pop the bonnet is something you've just gotta have,

The cold-air package is important because the intake pipe’s longer, reaching down to pick up
colder air from below the grille or in the car’s front wheelarch, rather than the hotter engine
compartment air, Typical engine compartment air temperature could be 30 to 50 degrees
higher than the ambient outside air, even when the vehicle is st speed and cooler ambient air
is presumably flowing through the engine compartment

Aftermarket cold air intake systems can be worth 8 to 20 horsepower, depending on the
design and the quality of the air filter included with it. Obviously, a cold air intake is going to
need some bends in order to reach the cold air, but if there are too many bends, the
horsepower gain from the colder air could be offset by a reduction in airflow. The longer the
pipe, the more friction there will be for the incoming air, even on a straight length of pipe. Add
a few bends and the air is further restricted.

One additional note about aftermarket air intakes - they're noisier (but you already knew
that, didn’t you?). You're eliminating the carefully-engineered sound baffles and plastic dams
in the standard intake, so you're going to be much more aware of the sound of air rushing
through to feed your engine - this is the sound of increased engine power, and that's no bad
thing.

installation on a Ford Focus
looks like a short ram, but
the pipe ducks down under

air from under the bumper.

Not all cold air intakes are
polished metal - this unique
system is roto-molded plastic

entry at the bottom and a
quiet filter box that uses a
high-flow foam element.

When at the track for
dragstrip runs, the filter can
be removed and a pipe run
out to the front of the car
to pick up high-speed air -
on most Hondas, this means
temporarily removing the
right headlight, such as on
this car where the owner
taped a plastic funnel onto
the pipe to hopefully pick
up even more air.

A straight end on a pipe
doesn't pick up air well,
even out in front of the car,
because the pipe entry is
too sharp - a funnel is good,
but a tapered round entry
like this is much better.

This Typhoon kit from K&N is typical of cold-air induction
systems, shown here with a "rain hood” that slips over the
filter for wet weather - the junction of the two pipes is a spot
where the lower pipe can be removed to
attach the filter there inside the engine
compartment, making a short ram out
of a long ram, another way of
preparing for winter driving.
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When a gulp of water

can be a very bad thing

Don’t get too cute about where you
put the air filter

Of course, we want it to be in the cold air stream, but this is usually
where the filter can be at the mercy of dirt and water. In some
weather conditions, the filter could become blocked by snow or
mud, or water could actually be sucked in by the engine. If it
happens it could spell the end of your engine! The condition is
called hydraulic-lock - when water gets into the cylinder(s), it
toesn’t compress like a gas. Instead, the pistons are pushing up
against something virtually solid, so the result is often bent con-

rods and crankshaft.

There are several ways to avoid the hydraulic-lock disadvantage
of the cold-air intake. First, don't mount the end of the pipe too
low! The intake and filter companies have wraps and protective
plastic or sheetmetal pieces that protect the filter from most water
and dirt. Lots of enthusiasts take the front pipe off their cold-air
intake off during the winter. There are some models of two-piece
cold-air intakes where the wheelarch pipe can be removed, and the
filter attached to the pipe still on the engine, effectively making a
long-ram into a short-ram. Perhaps the best solution if you want to
keep the cold-air intake on all year is an air bypass valve. The
bypass valve opens if the air filter is submerged in or blocked by
water, and temporarily lets engine compartment air (filtered by a

foam element) feed the engine.

. LT 3
When a long cold air induction pipe
mounts the filter down low on the car,
there’s possibility water could get into
the airflow when driving through a
big puddle, causing engine damage -
an air bypass valve (arrow) can be
installed in the piping to prevent
hydraulic-lock.

The AEM bypass valve reroutes air
through an external diaphragm to
keep dry air flowing, even if the filter
Is clogged with water - such valves can
generally be used only on normally-
aspirated (not supercharged or turbocharged)
applications.
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Wicked air

ther

If you've modified the engine
enough, you might need a
larger-than-stock throttle
body - carefully measure
the inside diameter of the
old throttle bore

before /_..-—
shopping for ,nj'

a new one,
and don't

make a big leap in bore
size unless the manufacturer
of your turbo or nitrous kit, etc,
recommends it

Free horsepower

An old trick is to “port-match” the manifold to the cylinder
head. If you look at the cylinder head mounting surface of
the manifold and compare its ports to that of the intake
manifold gasket, you'll invariably see that the ports in the
gasket are slightly bigger than the ports in the manifold or
the head. Remove your intake manifold and mount it in a
vice with the ports facing up. Clamp a new gasket on the
manifold, with the gasket perfectly aligned over the
mounting bolt holes. Now scribe a line inside the gasket
ports onto the manifold
Take the gasket off and use a small electric or air-
powered die grinder (eg a Dremel) to grind out the
manifold ports to the scribed line. Take your time and don‘t
go beyond the scribed line or you could hinder the gasket’s
job of making a good seal. Try to gently blend the new port
size back up into the ports on the manifold as far as you
can, to improve the transition for the incoming air. Ideally,
the cylinder head should be treated
similarly to match the gasket, but you
can wait until you have some other
reason to pull off the head
Performance
gains in port
matching
aren't large,
but it costs you
nothing to
make the
effort



a high-flow component in one area of the engine, such as a big
ttle body, unless you can run at higher revs. Don’t even think
it changing throttle bodies until you've removed all restrictions in
exhaust side of the engine
hrottle bodies are available in various sizes, usually only differing
n the standard units in the main throttle bore diameter

1 yours 15 @ mild engine and there are several steps in throttle body
e available, don’t just buy the biggest one made, even if it is super-
red-anodised aluminium, Play it safe and buy the smallest
zase over standard, unless you install a big throttle body at the
ne time that you make other major engine changes. If you fit a too-
j throttle body now, and don‘t make your other modifications until
ich later, the interim period will find you with a low-rpm dog (and
ve don‘t mean that in a good way)
f you do fit a larger throttle body, remove your intake manifold and
ave the throttle body opening in the manifold enlarged to the same
ze, For instance, on a Honda, It does no good to install an expensive

Intake manifolds

The final component in your intake system is the
intake manifold that connects the throttle body
to the cylinder head. This is that last section
of the exterior intake path. If you've made

P the kind of mods that necessitate a larger
> ’—‘ # throttle body, then an improved intake is

“Type R" throttle body if it's restricted by a smaller, standard-sized
hole at the manifold

Fitting a throttle body isn't too complicated. A good aftermarket
unit will come with clear instructions. Carefully mark all the hoses and
wires on your standard throttle body with masking tape and a
marking pen so you can connect them all to the right places on the
new throttle body. Some cars have hot water hoses connected to the
throttle body, In which case you must wait until the engine is
completely cool and clamp-off those hoses before disconnecting
them. You also have to disconnect the throttle linkage, and on some
cars, the cruise control or transmission linkage as well. On most cars,
the throttle body is attached to the intake manifold with four bolts,
and sometimes it isn't easy to get at all the bolts. Take your
time, and if necessary, follow a Haynes repair
manual for your car

This serious » 4 -

Hondalintake . .~ - Intake manifolds are designed for specific levels of o

manifold from engine performance and rpm range. Your standard manifold Y

Edelbrock o was probably a good design for normal driving. To design a L ;

hf""ﬁ'. bhv:ith performance intake manifold, increased airflow volume and .

plenum ; velocity are the goals, just as with the big throttle bodies. The T W

;performer” on it nine-  perfect manifold would be one that combined the right size POTtS, Ao ik Ty e
'nggsm‘" the right length of runners and the internal shapes 10 make  pogies for each cylinder, and

injectors. Its not for-girls, maximum power. As with throttie bodies, the best manifold for tyned-entry velocity stacks on

then...

pure high-rpm power is going to be unsuited to normal road use,

each throttle body - when ready
to make a run, an airbox mounts
over these stacks to feed them
cold air. Who's yer daddy?
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it’s all about getting the
right amount of fuel, at the
right time, into your engine

With a stock engine, or one that’s only mildly
modified, the ECU/computer that came with your car
will work with your engine management system and
fuel system components to do an adequate job of
delivering fuel to the engine. But if you become a bit
more aggressive with your modifications, your engine
will begin starving for more fuel to keep it happy.

This can be achieved in several ways. If you add more
pressure, each time the injector opens, more fuel will
be delivered (but not much). If you control the length
of time that the injector stays open, you have also
added more fuel, even at the same pressure. The final
way to inject more is to install fuel system components
(injectors, fuel pump, etc.) that physically flow more
fuel.




f you're adjusting fuel pressure, you need a On this drag racing engine, the gauge is

convenient gauge to monitor the pressure - the Tuel filte
many enthusiasts mount theirs on top of the that it faces the t
standard fuel filter at the bulkhead, where on the engir
yossible.

Fuel pressure

- for your fuel system. The
with the same vacuum connection,
g the adjuster will change the fuel

SLEMm

but feature an adjuster screw on top. Loosening or
system pressure. Once you start playing with your fuel :
measure the fuel pressure, which usually means 3

you must have a reliable way to
ng & quality fuel pressure gauge. Most

enthusiasts mount theirs in the engine compartment, where they do most of their tuning work
Some aftermarket gauges are designed to be screwed right into the fuel rail in place of the Schrader
valve, An aftermarket fuel rail will usually have a threaded hole just for adding a gauge. It would

be nice to have the gauge inside the car to watch it under
having to use a dyno, but a fuel gauge and fuel line inside
problem with the gauge or the pressurised line supplying it ¢

When you increase the fuel pressure in your fuel injection , you're puttmq a greater load
on the injectors themselves. Too much fuel pressure will shorten the life of the injectors. Experts tell
us that for road cars with mild bolt-on modifications, you shouldn‘t raise the factory fuel pressure
much more than 10%. On a vehicle with 45 psi as the standard pressure, you could safely raise it
with an adjustable regulator to 49,5 psi, assuming that your modifications require an increase.

If you assemble a high-pressure fuel system for a boosted or nitrous application, you must use a bypass-
type fuel-pressure regulator with a separate return line back tﬂ the fuel tank. Too much pressure without a
bypass regulator could cause the pump(s) to fail. Also, use only high-pressure-rated metal or decent braided
hoses in a high-pressure system to avoid possible fuel line rupture

Without your own rolling road to examine your engine under all conditions, especially under load at full-
throttle, you have to tune fuelling by feel and by ear. If you have an amﬁ-r'mced tuner near you, they can
help a lot because they know what's worked on engines like yours. If you have too much fuel, your engine
will be "doggy” at the bottom end, and you'll be bogging down every time you pull away with less than
6000 rpm showing. With a minor increase in fuel system pressure, you can have your standard ECU or chip
reprogrammed to handle higher fuel pressure, and this is recommended, but there is a limit to how much the
standard ECU can handle. An exhaust gas analyser is a big help, especially if you can run the car on a rolling
road (driven by the car's wheels under load). You can also learn something from your friends - see what
they've done and learn from their mistakes

different driving conditions without
ockpit 1s potentially dangerous. A

8l



On our Honda we Mark and disconnect

relieved fuel pressure the vacuum line and
by loosening this small fuel hoses from the
bolt on the fuel filter. Each stock regulator - on this
model is a little different, so Honda, the regulator is
buy a manual to do it right. attached to the fuel rail with
two bolts,

Fuel pressure
regulator modification

About
relieving fuel
pressure

We're using a B&M kit

that modifies the

standard regulator -
carefully cut off the top of the
regulator *can” with a
hacksaw, then remove the
stock spring and file the edges
of the regulator body smooth.

— 1 and an O-ring

ac

DL' Here the cut-apart standard regulator and spring (left) is compared to the pieces in the
B&M kit, which includes a new spring, adjuster screw, anodised aluminium housing



1

Put the adjuster screw

into the housing and

thread it in so about
half its length is on the
outside, then put on the
adjuster locknut finger-tight
over the exposed (outside the
housing) threads of the
adjuster screw.

Place the new spring

(A) onto the adjuster

screw, and fit the
O-ring into the groove in the
regulator body (8).

Push the new assembly onto the bottom section from
the stock regulator and hold it tightly in place . . .

. . until you can slip

D& the anodised

1 aluminium bottom
piece under the top and start
the two screws - Loctite is
provided with the kit to use
on the screws, which are
tightened with an Allen key

D Before fully tightening

the screws, make sure

I the two flat sections of

the aluminium bottom piece
align with the mounting
flange of the regulator,
otherwise the assembly won't
bolt up to your fuel rail

10

You now have a complete fuel pressure regulator that is
both good-looking and adjustable - make sure you use a

) new factory O-ring at the fuel rail side when refitting the

regulator
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Your boring black fuel
filter can be replaced
with a more attractive
anodised aluminium
filter housing like this
one from AEM, which
accepts a standard
filter element
(available at motor
factors) and has
enough fuel flow for
mega-horsepower
engines.

For engines with 400 or more horsepower, you'll need a large
fuel pump and fuel filter with large lines, preferably in braided-
stainless-covered hose that can take plenty of pressure.

Fuel system volume

If you make more serious engine modifications, either internal mods like a ported head and bigger
cams, or install @ nitrous system, supercharger or turbocharger, you will have to address the fuel
volume needs of your engine. This is where fuel system tuning can get tricky, but remember that you're
not a pioneer here - many other enthusiasts have done just what you're doing, probably to the exact
same vehicle, The manufacturer of the power-adding kit you buy should be able to tell pretty much
just what is needed to compensate for the extra fuel needs of the nitrous, turbo or supercharger. How
much boost or nitrous you employ has a lot to do with it.

For the typical engine modified with bolt-on equipment, your standard fuel pump should be able to
handle the fuel supply. Where you might want to make a change is the fuel rail that holds all your
injectors. An aftermarket fuel rail is usually machined of billet aluminium, and available polished or
anodised in cool colors. They look great sitting on your engine as a visual signal that you have a
modified engine, even if your particular combination doesn’t really need a bigger fuel rail yet.

There is a practical reason to install a fuel rail, especially if you contemplate more madifications in
the future. Horsepower can be addictive! The typical aftermarket fuel rail is machined to bolt onto your
standard engine with minimal trouble. The main advantage, beside looks, is that it can deliver a greater
volume of fuel because the main internal passage is bigger.

An aftermarket rail such as on
this race engine can carry the fuel
volume to steadily feed larger
injectors, and is more easily
adapted to braided stainless
hoses than a standard fuel rail




Holley offers billet
fuel rails in
- they are availak
either standard inje

e port that can be used to fit a fuel pressure

The port can also be used as a convenient

e of pressurised fuel if you install a nitrous

m and add a separate fuel/nitrous nozzle to

our intake tract. The fuel rail is also adaptable to
cept aftermarket AN fittings (sometimes called
ft* fittings) for tuners who want to plumb

their fuel system with colorful, custom lines. For
ager modifications, this will become important,

eter all the way back to the fuel tank to ensure
uate supply, and the billet fuel rail accepts
er-than-standard fuel lines easily,

iminium rail accepts a fuel gaug
f fuel pressure regulators.

we b
fuel

.’}{;i'I

standard pump may

enough volume or pressure

the electnc fuel pump s m

usually in an assembly that

fuel level sending nn

components connected 10

II‘.|‘.ily|')" r-‘? 1
there at the

supstitute another pumij

engine modifications,

ounted in

the tuel pumgp,
hoses and electncal

top of the tank

not be able to supply

In most modern cars,
the tuel tank,
incluges a tilter and the

these other
and the
connectors att

iched

not everyone wants to

[ f
Most n need of extra fuel
Dressure use xtra fuel pump as a

7 booster, leaving the stof pump u i
"7 tank. Racers en use two big
aftermarket lectr pumps (ust

outside the

pumps are

Electric fuel

fuel

0O ;}'.:F-'i

rather than pull 50 generally they

_ - should be mounted near the rear of the
car, close to the fuel tank, but as long as

’ your in-tank pump is in good shape, an

When

I +
dlMmos
you have ftuel 3IMOst

danywnere

pressure needs that engine, and IS
go up with high
revs and boost, you
can increase flow
with MSD’ fuel

pump booster it

varts, and 15 tucke
I ¢ €

can't be damaqed

adds more voltage modified appli

to your in-tank
)Y i in the

engine
pump as needed,
and can be varied
from 1.5 to 22 extra
volts over a range

of 5 to 30 psi

aftermarket booster

in the
more
supply for a road car. It can be
the car, as long as it
exhaust components

pump can be installed
ine up to the
than enouagh fuel
ntted under
iway tTrom hot

f
ya ey

Or moving suspension

o hi enouqgh that
by road debris. Some
have the extra pump

ompartment

For higher horsepower

adders,

direct-re f
high-fl fuel pumps
are a ble from 190

litres-per-

an 800 bhp engir




daudible

On most vehicles, the in-tank fuel pump is

dont

Relieve the fuel system

accessible once the rear seat base or boot pressure, mark and

floor mat is removed, then an access plate is disconnect the fuel lines,
unbolted and removed. Consult a Haynes Manual for wires and hoses, then remove the
specifics on your car. Higher-flowing fuel pumps can fuel pump assembly mounting

be exchanged for the standard pump when fitting a screws or nuts.
supercharger or turbocharger.

—_
- Typical
Pull the "sock” filter from the bottom of the pump, then
Lift the pump/fuel level sending release the protective cover over the main electrical
unit assembly from the tank connector at the pump and pull the pump out of
and use a large rag to catch the assembly. Fit the high-flow replacement pump
any fuel drips. and replace the sock filter.
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An air/fuel ratio
monitor can tell you
what's going on inside
your engine in both
esconomy and power
modes - this one from
¥ &N has ten LED lights
n different colours
that correspond to
different A/F ratios.

It comes with its own
oxygen sensor that can
be used with almost
any fuel (including
alcohol) except diesel,
nitromethane or
leaded fuels.

1ONITOR

Test and tune

The oxygen sensor in your cat-equipped car has a limited range of airffuel ratios it can
act upon, since it's designed 1o be sensitive only in the range of the standard car, with
all original equipment in place. Once you start modifying your engine, especially the
fuel system, the oxygen sensor 15n't going to be able to act properly and keep the
engine in the "normal” an/fuel ratio range
Highly accurate airffuel meters are used by pro racers, but are extremely expensive
A tew more-affordable aftermarket sensors and dash-mounted meters are avallable
that can be used to study your fuel needs. They feature a row of LED lights that
correspond to different air/fuel ratios, and while you drive you can see what range
you're in under different conditions
If you do go 'to a piggyback engine-management box added to your standard ECU,
or go all the way and have a stand-alone aftermarket system, a laptop PC can be used
to monitor your engine as you drive (with a mate along to hold and watch the
computer while you focus on driving - of course), and you can make changes to
various parts of the fuel curve
As mentioned in previous Chapters, you have to learn to "read” your car's
driveability and pertormance. When you know your engine inside and out, you can
better evaluate each new modification and how the car behaves differently than
before the modification. We always recommend keeping track of your engine by
checking the spark plugs as an indicaton of what'’s going on inside the combustion
chamber. Compare your plugs with the spark plug condition chart in the /gnition
systems Chapter to evaluate your engine conditions
It's witally important to catch the early
4 signs of detonation before engine

internal parts are damaged

A fuel computer can be added to your system to
display air/fuel ratios and make adjustments - the
VAFC fuel computer from A'PEXi can adjust fuel ratio
for both the low-lobe and high-lobe modes of a Honda
VTEC engine.
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Fuel injectors

Telling you how to choose a set of higher-flow fuel injectors
could take up a huge chunk of this book by itself. There's a lot
of science to choosing the right set, and a little bit of mystery as
well. We'll give you some of the basics, but don't expect all of
your questions to be answered here. It'll take an experienced
tuner working with a dyno and plenty of instrumentation to
really make a good selection for you

An electronic fuel injector performs an amazing job when you
think about it. Under considerable fuel pressure, it must open,
squirt and close in a matter of milliseconds. At high revs, the
injector's working overtime to keep up with the engine'’s
demands. How much fuel gets into the engine depends on the
physical size of the injector, how quick it can respond, and how
long it stays open. Big injectors obviously flow more fuel, and an
injector that is told to stay open longer will also flow more fuel

The parts of your engine management system that control the
injector operation are called “drivers”. Your standard drivers are
designed for the normal fuel system, and raising the fuel
pressure or changing to larger injectors can leave the computer
out of calibration. You car may have the top-end power you
need, but fuel economy is going to go down and the air/fuel
ratio at lower speeds is going to be too rich, causing sluggish
performance. Injector selection is always a compromise, unless
it's a perfectly standard car, or a perfectly race-only machine
that's been tuned and tested with a stand-alone fuel
management system for high-rpm operation only. In some ways,
it's easier to find the combination for a race engine, because
idling, cold-starts and low/mid-range performance or efficiency
aren't important

ASSEMBLY

| SOLENOID
SOLENOID ASSEMBLY
BoDY

An electronic fuel injector is more complicated than you might
think, so aftermarket performance injectors can be expensive -
if you know you don’t actually need bigger injectors, you can
have your standard injectors flow-tested and balanced,
restoring the spray pattern, and protecting your engine from a
burned piston due to one bad injector.

Fuel injector
replacement

After relieving the fuel pressure and disconnecting the battery,

disconnect the electrical connectors from the injectors. Most cars
use connectors like these, with a wire locking clip that
you slide out to release and unplug the connector. Don't
just pull on the plug - this stuff's a bit delicate.

Detach the fuel return Unscrew the banjo

line from the pressure bolt fitting, and

regulator. detach the fuel feed
line from the fuel rail.



Whether you're simply fitting your standard
‘njectors with new seals, or fitting high-flow
performance items, the procedure is essentially the
same. Injector removal and refitting is very similar
from one car to the next, though there’s no harm
in having the right Haynes manual for your car.

. . . then carefully wiggle and

pull on the rail until the
Remove the fuel rail injectors are freed. No Remove the injectors from the fuel rail - on most cars
mounting nuts or great force should be they pull straight out, but on some they are secured by

bolts . . . needed for this. clips.

P

i Lo

Seal ring

N\
A

§

Fuel rail

i

Cushion ring

Intake manifold

V2

et

Fit new O-rings (and seal/cushion rings, if fitted), then

Remove the injector Some injectors have a

O-ring seals. Don't re- seal ring and cushion reverse the procedure to refit the injectors, Lubricate the

use these - always fit ring - remove these, O-rings with a light film of engine oil before inserting the
new ones. too, Fit new if they're worn, injectors into the fuel rail or manifold.
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Deep breathing

When you run fast, you breathe harder - so does
your engine. To make more power, an engine
must “inhale” more air and “exhale” more
exhaust. To make this happen, you can open the
intake and exhaust valves more, leave them
open longer and enlarge the “ports” (passages
in the cylinder head where the air and exhaust
flow). These cylinder head and valvetrain
modifications can seem complicated, but
understanding them is essential. Mistakes here
can cost you power or even an engine overhaul.




Adjustable cam gears
("vernier pulleys”) like these
from AEM allow you to
adjust camshaft timing to
suit the other tuning
modifications you have
made or plan to - SOHC
engines would use one
gear, most DOHC'ers use a
pair (some DOHC engines
have only one gear - the
other cam being driven by a
gear or chain from the
camshaft with the sprocket).

Cam gears
(a.k.a. cam sprockets)

Aftermarket cam gears are generally made of aluminium, with
colour anodising in red, blue, purple or silver, and can certainly add
to the show-worthiness of an engine compartment, especially
when you're going for a “theme” of co-ordinated colours.
Unfortunately, in order for anyone to see your cool cam gears you
have to leave off the timing belt cover (at least the upper cover).
With the wraps off, people can not only see the gears, but, when
the engine is running and you see them spinning, it gives the
impression of an extra 30 horsepower!

The only problem with leaving the timing belt cover off is that
stuff can get into the “beltway” and cause serious problems. If you
happen to drop a socket or something else down there when
working on the engine and then start the engine up, you could
toast the whole motor. Oops.

You'll find that cam gears are one of the most popular engine
modifications there is.

Anything that gets caught up in the beilt can cause it to shred or
come off the sprockets or tensioner, and either situation on a
running engine means that some of the valves are going to be open
when the piston comes up. When this happens in a split second,
valves and/or pistons are going to be destroyed. But we know you'll
leave the cover off anyway. Just be careful.

Aftermarket cam gears look cool and racy, but the only potential
power gain by fitting them is if an adjustment in cam timing is
necessary on your engine. The mounting holes for the gears are
slotted on the aftermarket units, and a scale is usually engraved
there to indicate whether the timing is straight up (normal),
advanced or retarded. The range of adjustment is usually 5 to
10 degrees. Engines with forced induction (supercharger or
turbocharger), high-compression pistons or aftermarket camshafts
are obvious candidates for vernier cam gears, although almost any
engine can benefit from a little cam tuning. If your cylinder head
has been milled at a machine shop, either to gain extra
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The adjustable gear is two-piece, so the bolts can be loosened and the relationship between the inner section on
the camshaft and the outer section connected to the timing belt can be advanced or retarded. Good ones like this
AEM “Tru-Time” gear are machined of billet aluminium and feature very clearly engraved timing marks.

compression or because the head was warped from
overheating, you may need adjustable cam gears
because milling the head brings the camshafts closer to
the crankshaft and retards the cam timing slightly,

If you have a single overhead cam engine (SOHC), you'll
only need one cam gear, and on SOHC engines, the
phasing between the exhaust and intake lobes can't be
adjusted, since exhaust and intake lobes are all on one
hunk of iron. You can experiment with your camshaft
advanced two degrees and see how it performs, then try
it with two degrees retarded. You may find that advancing
the cam helps top-end performance but hurts low-end,
and vice-versa. You can't get improvement at both ends,

On DOHC (double overhead cam) engines that utilise a
separate gear for each camshaft, you have more to play
with. By adjusting the intake and exhaust camshafts
separately, you are in effect altering the overlap (the
period where both valves are open at the same time on
the exhaust stroke). This is one of the factors that makes

1 "

Most tuners like to show off their
modifications, and that means leaving
off the upper timing belt cover to show
the anodised cam gears - this makes
them easy to access for making timing
changes, but be careful nothing drops
down behind the lower belt cover - it
could cost you an engine.

a' cam design "road” or “rally/race.” The more overlap
there is, the better the engine will run at higher rpm, but
the bottom-end will suffer some, Most twin-cam Honda
owners, for example, start out with their exhaust
camshaft retarded a few degrees and the intake
camshaft advanced a few degrees, which is like having a
slightly hotter camshaft. On DOHC engines that only
have one cam gear, you can't do this (it's the same
situation that was described for SOHC engines).

The exact amount of camshaft advance or retard that's
best depends on a host of factors, including the
efficiency of the intake and exhaust systems you're using.
What works for your mate’s car isn't necessarily what
your engineé needs. Follow the instructions that come
with your aftermarket cam gears and/or camshaft to
determine how to set your camshaft timing to “straight-
up,” then test or drive the car before making any further
adjustments to advance or retard.




Probably no valvetrain modification is
as important as good aftermarket
valve springs that are strong enough
not to “float” or "bounce” the valves
at high engine speeds - these “Ultra
Rev” springs are designed specifically
for high-rpm and high-boost forced-
induction engines.

Valve springs

As mentioned before, proper aftermarket valve springs are a
critical component of your modified engine if you hope to run
higher revs and have the engine survive. The valve springs
themselves don’t make any horsepower, but can be considered
insurance. At high revs, the camshafts are spinning at a high
speed, forcing the valves to open really fast. The only things
that keep the valves following the camshaft are the springs.

Valves: more is better

To ov Pr'_,lmphfy more valves mean more usable power
standard for modern high-performance enc
per cylinder. But why can’t you just use two valves p
and make them really big? This is where nerds will te

about fluid dynamics and port velocity. Boiling it dowr

ports and valves keep air flowing faster through the heads at
low engine speeds, which makes a road car drive smoothly
Many super-fast drag-race engines use only two (huge) |

per cylinder - on these cars, low-rpm driveability isn't ver

important!

float/bounce

You could fit new springs in your engine and
use the standard valve spring retainers, but
most tuners fit new lightweight retainers at
the same time as the springs - these titanium
alloy retainers are stronger than standard,
and their lighter weight allows the engine to
rev quicker. Okay, we're convinced.
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Everything we do to make power in an engine is eventually limited by the camshaft(s) - aftermarket profiles
are available from mild to wild, but the bigger you go, the more the low-end performance may suffer, which
is why cams are offered in “stages” so you can pick the design that suits your driving style.

Camshafts

The camshaft is one of the key players in the operation of
an engine, It determines the what, when and how much
of anything that goes into and out of the engine. This is
another subject a great deal can and has been written
about, and we're not going to bore you with heavy theory
and formulas. What you need to know for now is that a
standard camshaft is designed as a compromise to
consider economy, emissions, low-end torque and good
idling and driveability. The performance camshaft lifts the
valves higher (lift), keeps them open longer (duration) and
is designed mainly to produce more horsepower. A
performance camshaft usually makes its gains at mid-to-
higher rpm and sacrifices some low-rpm torque. The
hotter the cam, the more pronounced these attributes
become. A really strong cam may not be suitable for the
road at all, exhibiting really low engine vacuum and not
idling below 1000 rpm.

When you do get the camshaft specs right for your
engine and your kind of driving, it’s a thrill to hear and feel
the engine get up “on the cam” and just take off, A cam
design that's advertised for power between 3000 and
8000 rpm won't start feeling really good until that band is

Exhaust —=—"
closes

One cam or two?
All e ngines have at least one camshaft to actuate
valves. On Single Overhead Camshaft (SOHC)
gines, the camshaft does double-duty in opening
both the intake and exhaust valves. Double
OverHead Camshaft (DOHC) engines use one
camshaft for the intake valves and one for the
exhaust valves. The general rule is that SOHC

/O valves per cylinder (one intake, one
and DOHC engines have four valves per
cylinder (two of each). There are many exceptions
to this rule, and some modern engines have four
valves per cylinder with only one camshaft

the
the

en

reached. Aftermarket cams are usually offered in “Stages”
of performance. A typical Stage 1 cam might have a little
higher valve lift than standard, a little longer duration, and
perhaps slightly more overlap. It should retain an excellent
idle and work from idle or 1000 rpm up. A Stage 2 cam
would be hotter in all specs (with a band from 3000 to
7000 rpm) and have a slightly rough idle (maybe at
750 rpm), while a Stage 3 cam would feature serious lift,

Lobe Center Angle 4
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Overlap ¥
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Intake
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Exhaust
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A valvetrain package from Gude that the
manufacturer calls the “turbo beater at
half the price” includes a ported cylinder
head with performance cam(s) - this kit
for the Ford Focus also includes a
tweaked ECU and a bigger throttle body.

duration and overlap and make its power from 5000 to 8000 rpm.
The hotter the cam specs, the worse the idle, low-end performance
and fuel economy is going to be, but the more top-end horsepower
you’ll make. After the Stage 3 cam, which is usually a serious
race/rally item, the cam profiles are strictly for racing.

One exception to the “can’t have your cake and eat it too”
philosophy is the VTEC system offered by Honda. Ideally, an engine
would have a continuously variable valvetrain, always with the
exact right profile for the rpm range. Someday, engines will have
such a system, but Honda was on the right track. Basically, the
VTEC valvetrain is like three cam profiles in one. There are three
lobes on the cam for each cylinder's intake or exhaust: primary,
secondary and the “mid"” or middle lobe. These lobes with different
profiles are actuated at different rpm ranges to provide the cam
profile that's best for the engine speed.

When tuners tell you they have put in a “VTEC controller,” they
mean they have an electronic box that alters the signal to the
factory ECU, to allow the VTEC high-rpm profile to come in sooner.
You can watch your dyno sheets and if there's a lull at 5000 rpm, it

The breathing package for the Mitsubishi
Eclipse includes a ported head,
performance cams, bigger throttle body
and a matched intake manifold,

may be that you could use slightly quicker engagement of the VTEC
to take a soft spot out of your modified engine.

When buying a performance camshaft and kit, there is always a
tendency to think “bigger is better,” since the hotter cam doesn't
necessarily cost any more. Look at the technical literature provided
by the camshaft manufacturers, in their brochures and on their
websites, and compare the specs of the cams and the comments
that describe the cam’s idle, driving and power characteristics,
Going overboard can mean you have a miserable car to drive in
normal traffic. Relate the cam choice to the modifications you've
made. Some profiles are designed specifically to work well with
nitrous, turbocharging or high compression.

Another consideration in choosing a camshaft profile is will it
physically work in your engine. With a certain amount of lift, there
can be interference between the valve and the pistons, especially if
you've skimmed the cylinder head or fitted aftermarket pistons.
Usually the Stage 1 or 2 cams are OK for a standard engine, but
check the manufacturer's recommendations. If there’s any doubt,
have your tuner check the valve-to-piston clearance.
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Cylinder heads

and pistons

With the intake and exhaust system modified and a
performance camshaft in place, your next step in
improving your engine’s breathing should be the
cylinder head. Except for port-matching, most
cylinder head work is not for the do-it-yourself
modifier. Too much experience and expensive
equipment is required, so find a well-recommended
machine shop in your area that has experience with
cylinder heads for road and racing use.

What you should do, especially if the head's off
anyway for a camshaft fitting, is to have a
performance valve job done. In the performance
valve job, the valve face and valve seat angles in the
head are changed from just one angle to three or
more. In a three-angle valve job, the centre angle is
the one where the valve meets the seat, and the
upper and lower angles are designed to smooth the
flow path from the port, around the valve head, and
into the combustion chamber. This improves the flow
at low-lift and is not as expensive as porting.

LIBJaanBA

If your engine has 130,000 miles on it, chances are your

valve guides are worn and you can’t get a good tight valve When you're rebuilding your cylinder head, if you
seal if the guide allows the valve to wobble. When your discover some bad valves, why not replace the whole
head is rebuilt at the machine shop, they may suggest set with performance valves like these. They're
installing bronze-alloy guides that keep the valves cooler lightweight and made of high-temp alloys to handle
and reduce valve-to-guide friction. boosted and nitrous-equipped applications.
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Back to basics

I your car qot some miles on it, your valves are
probably not operating as well as they should. On

AT
Wi

Notice the “eyebrow” looking
recesses in these pistons. They
allow more clearance for the
valves to open more. Sometimes
special pistons are necessary for
your hopped-up valvetrain.

Bigger chan

Sometimes swapping cylinder heads is the path to
more power - the most common swap in Honda
circles is the B16 VTEC head onto a larger-
displacement non-VTEC block - when pros prepare
the head, some holes in the head have to be
modified by TIG-welding, then the head is surfaced
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Start by turning the
engine to TDC for the
number 1 piston, aligning

With the timing belt upper cover
removed, hold the camshaft sprocket
with a two-pin spanner like this or

Use a pair of pliers to
remove the Woodruff
key from the slot in each

the mark on the crankshaft pulley  with a large screwdriver jammed in one of the  standard camshaft - save them to

with the mark on the timing cover.  sprocket holes, while you use a spanner or

re-use on the new cams.

socket to remove the camshaft sprocket bolt.

HOW-TO:
Camshafts,
valve springs
and timing gears

Our Haynes repair manual for your particular car covers
the removal and installation of camshafts and the
alignment of timing marks, but this procedure includes
some details that are different in performance tuning
applications. Our subject car was a typical Honda with a
B16 DOHC VTEC engine, already kitted with a manifold
and induction kit. We fitted a pair of Crane cams along
with their performance valve springs, spring seats and
lightweight spring retainers, all very important for keeping
the valves from floating at high revs,

Two procedures used here are not covered in the repair
manuals - finding true Top Dead Centre (TDC) for an
engine, and "degreeing-in" the camshaft. For all ordinary
purposes, the factory timing marks are valid, but in a
performance application, precision is important. If your
head has been skimmed, your camshaft timing may be off
slightly, or your crankshaft pulley may be off a degree or
50. S0 we check with a dial indicator.

To find true TDC, we use the dial indicator on the top of
the piston, with the engine at the standard TDC marks and
the indicator reading zero. Rotate the engine 10 degrees or
so clockwise from TDC and read the indicator. Now rotate
the engine counterclockwise the other direction until the
pointer on the crank pulley is 10 degrees the other side of
TDC and read the indicator again. Take the range of
movement on the indicator and divide it by half, then
rotate the engine clockwise until the indicator shows that
exact amount, which puts the engine at true TDC. Now
you can make the temporary timing pointer and marks we
illustrate in the photos.

The point of degreeing the camshafts is to find where
they are in relation to the crankshaft. Aftermarket cams
come with a card that indicates the opening and closing
times of the valves, There can be variations in your timing
due to skimming the head or other tolerances in the engine.
Tuners use adjustable cam gears (“vernier pulleys”) to try
different timing settings to seek out a few more horsepower.

In degreeing, you set the number 1 cylinder at TDC on
our “new” temporary marks, then attach a dial indicator to
rest on the rocker tip (or retainer or cam follower, whatever
the case may be) of the number 1 intake valve, and zero the
indicator at TDC. The timing card for the Stage 1 cams said
the intake valve starts to open at 8 degrees after TDC. We
rotated the engine very slowly past TDC while someone
watched the dial indicator. When the indicator said the
valve had opened 0.050-inch, we stopped.

When a cam “starts to open” is a relative thing to
describe, so most cam manufacturers use the figure of
0.050-inch as a standard point of reference. Our timing
marks showed we were at 6 degrees, which means that
our intake cam was advanced slightly, which is what we
wanted. If you wanted to advance it more, or have it
“straight-up” to be exactly as the card described, you can
adjust the timing gears to get what you want. On the
alignment marks on most two-piece adjustable cam
gears, one mark equals two degrees at the crankshaft,
and the gears should have markings that indicate which
direction is advance and which is retard. Once you have
degreed-in your cams, you won't have to go through this
procedure again, you just go by the marks on your
adjustable gears. When you have the settings that seem
to make the most power, leave it there and enjoy!




Loosen all of the bolts Use a plastic-faced Lift out both of the camshafts, taking the

for the camshaft caps hammer to lightly tap front seals with them.
and the reinforcement the sides of the
plates, in the opposite of the camshaft caps to separate them

tightening sequence (see Step 31) from the ¢ylinder head. Make

- loosen all bolts a quarter-turn  sure the caps are numbered

first, then loosen again in from front-to-rear, and have an

sequence and remove the bolts, | for the intake cam caps and an
E for the exhaust cam caps, If
there aren‘t any marks, make

your own.
Dot De sura’lo cansut
Loosen the locknuts at each The valve spring tool is a pair of
rocker arm, then use a stands that mount each end of the
screwdriver to back off the cylinder head and a shaft that runs
valve adjustments all the between the two brackets - when
way, then tilt the rocker you push down on the lever the To hold the valves in place while the springs are compressed,
arms up for access spring Is compressed at the put the cylinder you're working on at TDC and insert
to the valve springs retainer - you can hire one an air hase that has a spark-plug threaded adapter at
and retainers. these tools. one end into the spark plug hole for that cylinder.

oV
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Connect an air-pressure regulator . .. then connect an With the cylinder pressurised,

to the quick-connect from the air line from your hold down the spring

spark plug hose. . . compressor to the compressor while you extract
regulator - when the cylinder the keepers at the spring retainer witr
is pressurised, the valves will small magnetic tool, then slowly releas:
be held in place - take care the spring tension.

that the air pressure doesn't
surprise you by pushing the
piston down and turning the
crankshaft, or secure the
flywheel by jamming the ring
gear if necessary.

To remove the standard spring seat,
which will be replaced with the
new part, the seal must be pulled
off, being careful not to
Remove the standard retainer scratch the valve stem in
from the spring . . . . .. and the valve spring. the process.

100



P
>
Remove the standard
spring seat from the
pocket in the cylinder
head.

Place the new high-

performance spring in, making
sure that it sits flat and
is centred on the new
spring seat.

Clean the valve spring

pocket in the head

with a degreaser, then
lubricate the new spring seat
with engine oil and set it in
place, making sure it is located
properly.

Now you can install the

lightweight retainer - notice the

stepped area on the underside
of the retainer; this self-
centres the retainer and
spring.

Lubricate the valve stem with engine oil, then

push a new valve seal onto the valve - push

down evenly and no further than the standard
seal went - the seal should hit a machined stop near
the bottom of the valve guide. The seal package in
your gasket set should say if the seal is for the intake
or exhaust, which are different on some engines.

Apply a little white grease to one of the valve keepers
and insert it while you have the retainer and
spring held down with the valve spring
compressor - the grease will hold it in place.
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Use a magnet or needle- That completes the procedure for Clean all of the camshaft

—

} nose pliers to insert the this first valve spring, seat, seal and bearing saddles with
o second keeper, then let up retainer - when all have been lacquer thinner, then
7 ' on the spring compressor until replaced, remember to apply a little apply the camshaft lube supplied
A you're sure that both keepers are camshaft lube to the tops of each valve with the cams; coat the saddles
o3 firmly locked into the groove(s) on stem. and each camshaft lobe and
the valve stem and held by the bearing journal.

B tapered hole in the retainer.

Lay out all the camshaft caps you removed from the head and clean
them thoroughly - they are numbered from front to back - then apply a Make sure that the O-ring and
small amount of camshaft lube to the saddles of each one (the dowel are in the cylinder
lube has been applied to these saddles, but still needs to be head in the centre
spread out over the bearing surfaces), camshaft cap position.

loe



Grease the inner lip of the camshaft Apply a small bead of RTV sealant Install all of the caps in

seals with white grease, then to the areas indicated, just before their proper positions,
carefully push them squarely over placing the camshaft caps back tapping them squarely
the end of each camshaft. onto the cylinder head. and lightly to seat them.

Torque all of the bolts in several stages and in the proper

With all the camshaft caps in place, lay the seguence, with the engine at TDC. See the Haynes
two camshaft cap stiffener plates in manual for the correct specification and sequence
position and hand-tighten all the bolts. (this is the proper sequence for our Honda B16 VTEQ).

™
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With the Woodruff keys tapped all

the way into the keyways on the

new cams, you can now fit the cam
gears (technically they're “sprockets”) - we're
using a pair of adjustable gears.

For precise performance, we'll check to see if

the TDC mark at the crankshaft pulley is

accurate enough for us - we bent a large
washer, drilled a hole in it and bolted it
to the head as a stand for the
magnetic-base dial indicator.

With a tool through one of

the holes in the cam gear,

tighten the gear-to-camshaft
bolt - note that all of the adjuster nuts
on the gear must be tight before using
this method to install the gear - the
nuts can be loosened later if your need
to advance or retard the cam timing.

With an extension, we
have the dial indicator on
the top of the No 1 piston.

With the crankshaft at TDC for

number 1 cylinder, all the timing

marks must align properly. Now
fit the belt and release the belt
tensioner - rotate the engine a few
times by hand and check that the gear
marks still line up at TDC - now follow
the valve adjustment procedure in your
Haynes repair manual, and fit the
distributor at TDC.

If you don’t have a degree wheel to attach
to the crank, measure the circumference of
the puller and divide by 360 (as in 360
degrees in a rotation) - in our case, this
worked out to 1/16-inch for each degree of
crank rotation - we glued a temporary
pointer to the pan rail and made tiny punch
marks on either side of the “new” TDC mark
at 1/16-inch intervals (see intro text for
procedure to find true TDC) - this location
was used because it's much easier to
see than where the standard marks
line up at the timing belt cover.

1
e 1
« R



i”
z/J e

Set the engine to the new TDC mark, and position

the dial indicator on the top of the rocker adjuster

on the number 1 intake valve (either one of the
two in this case), then zero the indicator (see text for
explanation of degreeing the cams).

If you look at your “new” timing marks at the crank, it

should show the 8-degree ATDC mark lined up, this

means our cam is “straight-up” to the engine - if it

isn't, or we want to experiment with advancing or
retarding the cams, we loosen the nuts on the
gear, rotate the alignment marks the direction
we want, and tighten the nuts again.
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When we rotate the crank and watch the dial

indicator, we stop just as the indicator shows the

valve has moved 0.050-inch, which is the point
most cam manufacturers give you a timing spec for - our
cam timing card said we should be at 8 degrees ATDC
(after TDC) at the crank with the valve down 0.050-inch.

All timed and ready to go, we couldn’t wait to put the valve

cover and other pieces back on - our engine already had a
manifold and induction kit, so the new cams were just
what we need to add a little more "bite to our bark” -
midrange was good, and the VTEC was even better.

105



-~ Nitrous oxide as a horsepower source can appear to be a miracle or a
curse, depending on your experience. It's a fact that nitrous oxide (N,0)

is the simplest, quickest and cheapest way to gain serious horsepower
boost in your car. But, just like in children’s fairy tales, you court disaster

if you don’t follow the rules that come with the magic potion.

10k

Carefully used and
tuned, a nitrous
oxide system is the
biggest bhp-per-
pound boost you
can make.

Nitrous oxide is an
odourless, colourless gas
that doesn’t actually burn.
It carries oxygen that allows
your engine to burn extra
fuel. When you inject

nitrous oxide and petrol at

the same time and in the

proper proportions at full

throttle, you'll get a kick in

the butt as if you were

instantly driving a car with

an engine twice as big! l .




Nitrous kits

Done right, a nitrous kit is one of the best horsepower-
ser-pound investments you can make, and is the most
spular power-adder for small engines. The smallest
trous kits offer at least a 50-horsepower shot for an
westment of £300. In other engine bolt-on speed
daeting, that same £300 wouldn‘t even cover a really
-2 cat-back exhaust system that may only net you 15
nOrsepower.

Kits are available that add up to 300hp, because the

are nitrous and fuel you add, the more power the
engine makes, right up to the point where the engine

»mes apart. And that's the other side of adding nitrous.
1 the end, it is the durability of the engine itself, that
jetermines how much nitrous you can run, As tempting as it is to
5t keep putting bigger nitrous jets in your engine for more power,
sou need to do your research first to see what are the limits of your
engine and what can be done to protect against damage done by
jetonation. You may have heard horror stories about engine
fisasters caused by nitrous oxide, but in most cases the cause is
sually a fault in tuning the application. Serious racers have done
everything possible to their engines to strengthen them to handle
pig loads of nitrous.

The basic road-use nitrous kit consists of: a nitrous bottle, usually
ne that holds 10 pounds of liquid nitrous oxide; bottle mounting
orackets and hardware; fuel and nitrous jets; high pressure lines,
ssually braided-stainless covered AN-type with a Teflon inner liner
for the high nitrous pressure; nitrous filter; solenoids, switch and
electrical connectors. Kits are always sold with empty bottles, but
whoever sold you the kit should be able to get the bottle filled.

There are two basic types of nitrous kits that differ in how the
nitrous and fuel are delivered. The “dry” system has a nozzle and
solenoid only for the nitrous, and this nozzle may be almost
anywhere in the intake system; behind the airflow sensor (if
equipped) and ahead of the throttle body is typical. The dry systems
are designed for factory fuel-injected engines. To deliver the extra

The basic nitrous oxide kit contains all you'll need, including
the 10-pound bottle to hold the N,O - this kit from NOS
includes brackets to mount the bottle at the proper angle.

L 1R

PROGRESSIVE NITROUS CONTROLLER
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fuel to go with the nitrous, the standard system fuel pressure is
raised during the full-throttle period of nitrous usage, and
reverts back to the standard fuel pressure in all other driving
conditions.

The “wet” system of nitrous will have solenoids for nitrous
and fuel, both of which are turned on when the nitrous system
is activated. The fuel and nitrous in a simple system are
plumbed into a single injector that merges the two, the fuel
and its oxidiser, as they enter the engine. More sophisticated
wet systems may have an N,O nozzle for each cylinder of the
engine, and one or more fuel nozzles mounted separately. In
high-output racing applications, individually feeding each

cylinder allows for tuning each cylinder separately for fine
control. The extra nozzles also mean there is ample supply of
nitrous and fuel for very high-horsepower installations.

There are all sorts of “bells and whistles” available as extra
features on most of the nitrous kits on the market today. There
are varying designs of nozzles, different electronic controls that
work with your factory ECU to control timing and fuel delivery,
optional bottle covers, bottle warmers, remote shut-off valves
for the bottle, ECU piggybacks (see Chapters 4 and 5) that pull
back the ignition timing under nitrous use, and "staged”
nitrous kits that deliver a certain amount during initial take-off,
then a little more, and the full blast for the top end

108

On this Nitrous Express setup, there’s an in-line filter in both
the fuel (A) and nitrous (B) lines leading to the solenoids, a
good idea to prevent clogged injectors or N,0 nozzles.

No laughing
matter

In “wet” systems, the nitrous nozzle (arrow) can mix
and spray both fuel and nitrous into the intake.

The N,0 solenoids and controls should be mounted
in the engine compartment, close to the intake
system - this Zex installation is “dry”, meaning that
only nitrous is injected through the intake nozzle
(the extra fuel comes through the standard
injectors, based on an altered vacuum signal to the
fuel pressure regulator under “juice”)



Model-specific kits are available in addition to the
more universal nitrous packages - NOS offers this kit
for the Ford Focus with a unique plate-style injection
and an rpm “window” switch to prevent rpm-induced
backfires from the factory rev-limiter.

The two-piece construction of the Focus
intake manifold lends itself to the plate
system; the plate sandwiches between
the two manifold sections.

Express is this one that is adjustable from
35-50-75 horsepower levels - this wet-
style kit needs no electronics for timing

The most universal kit from Nitrous ‘
retard and uses the standard fuel pump. ‘

n the really ‘serious” nitrous installations, there may be a nozzle
for each cylinder, installed in the intake runners - this clean setup
ises fuel (blue) and nitrous (red) distribution blocks, and individual
stainless-steel hard lines to connect to the four nozzles.
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How does it work?

In basic terms for a simple nitrous system, the tank or bottle of nitrous oxide is mounted in the boot, and
plumbed up to the engine compartment with a high-pressure line. This is connected to an electric solenoid,
from which nitrous (still a liquid at this point) can flow to the nozzle attached to your intake system. If you
turn on an “arming” switch in the car, battery voltage is available to another switch that is a button-type

Your nitrous is generally stored in a 10-pound
metal bottle mounted in the boot - it should be
kept out of direct sun and mounted with the
control knob forward, the label up and the
bottle tilted slightly up at the front - like this.

located on the steering wheel, dashboard or gear lever. Push that
button when you're hard on the throttle and the solenoid releases
nitrous oxide which passes through a sized jet or orifice and turns
into a vapour, to mix with your vapourised fuel in the engine. The
extra fuel admitted at the same time as the N,O is easily burnt, and
creates enough cylinder pressure to add 50, 75, 100 or more
horsepower in an instant

That's the basics, but there's a lot more to the science that's
behind having this much fun. To start with, most systems today are
not activated by a hand button, There are dangers associated with
having the nitrous come on at any time other than full-throttle, not
the least of which is the chance of a puddle left in the manifold.
Anytime there Is nitrous hanging around in the intake tract at other
than full-throttle, a backfire could cause an explosion that could
violently separate the intake system from the engine. Not a good
thing. Thus, since you can’t always trust yourself as the driver to
only push a button during full-throttle, manufacturers have several
methods to ensure that nitrous is delivered only at the right time.
The most common system uses a momentary-contact electrical
switch mounted to your throttle body, turned on only when the
throttle is wide open. Other nitrous kits use a controller that taps
into the signal wire from your standard throttle position sensor
{which changes voltage with the amount of throttle opening)




Adjustable kits can vary the
horsepower levels through small
jets that control just how much
fuel and nitrous are delivered to
the engine - here's a handy kit
that stores jets and a spare nozzle,
and comes with a jet spanner

Installations

Balancing function with style

Here are some of the things you'll be doing in a typical installation. Obviously, you should
follow the instructions that came with the kit for specific steps. The bottle of nitrous oxide is
sually mounted in the boot of the car as the first step. Your kit manufacturer’s instructions
wii tell you how to mount the bottle, which must be oriented a certain way to supply nitrous
inder acceleration. The high-pressure hose is run from the bottle up to the engine
ompartment, either through the interior under the carpeting and through a hole (always
have a grommet around the hose) in the bulkhead, or routed under the car. If you take the
atter route, secure the hose all the way along with cable-ties, keeping the nitrous line away
from hot or moving components and where it won't be subject to abrasion or rock damage.
Whatever the route, tape off both ends of the hose before routing it through the car, and if
you have any nitrous-related wires (such as for a bottle warmer, remote gauge or remote
bottle opener), route them along with the hose.

Next, the solenoid(s) are mounted to the bulkhead, then the nitrous line for the tank is
-onnected to the nitrous solenoid. If it is a “wet’ system, the standard high-pressure fuel line

must be tapped with a T-piece, and a fuel line run to the fuel solenoid. Remember, never On a cool day at the track,

disconnect any fuel line without first fElIE\.‘ing the system pressure 5afeiy (see a Haynes fepaif competitors often remove the

rmanual for your car, and Chapter 7). bottle and keep it in the sun
Your kit’s instructions will be very specific about these safety-related connections. Now find until it's warmed up enough to

the manufacturer-recommended location for the nozzle and install it (usually on the intake provide the necessary pressure,

tube) with the nozzle oriented towards the throttie body, and install the jet(s) for the toa. low:a pressure and you'll
run rich and not make as much

power - too much pressure and
you run lean and perhaps hurt
the engine

You have to open the bottle
before you can use your
nitrous, and you should shut
the bottle off after use - a
convenient way to do that |
without going to the trunk

every time is a remote bottle

opener like this Nitrous Express

Next Generation kit.
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A more dependable and civilised way to keep your
baby’s bottle warm on a cold day is an electrically-
heated warmer like this Zex unit - it wraps around the
tank, and you can turn it on at the dash.

horsepower level you've selected. If have an
adjustable system, like 55-65-75 horsepower, start
your first usage with the jets for the lowest bhp level
until you've learned more about how it works on your
particular engine. Connect a nitrous line from the
solenoid to the nozzle, then do the same with the fuel
(if yours is a wet system) from the fuel solenoid to the
nozzle. Wet system kits generally have different-
coloured hose for the fuel and nitrous lines so there is
no mix-up.

Follow your kit's instructions carefully about wiring
the solenoid(s) and switch(es), and about purging the
fuel and nitrous lines. Having the fuel line empty on
your first shot of nitrous will get you off to a bad start.
When everything checks out, take your car out to a
track or safe location and put “the squeeze"” on your
engine (give it N;O)! Sweet!

If everything's working well, you'll soon discover
your nitrous addiction will be cured when you realise
that "horsepower isn't free”. The cost of a nitrous
oxide refill varies in different areas, but ranges from
£20 to £30 to fill a standard 10-pound bottle. Just as
an example of how long this can last you, a “100 hp”
system will use 0.8 pounds in a ten-second blast.
Actually, you may find that ten seconds is a long time
at full-throttle, unless you're on a dragstrip with no
other traffic. One final tip: when you're not using your
nitrous, you should shut off the bottle, just in case
there's a tiny leak somewhere in the system.

Deto

ar=1"

tigating ¢

on




Prepping for nitrous

gnition system Is vitally important in a juiced engine
nega cylinder pressure created when nitrous and
tra fuel are ignited in the combustion chamber
it more difficult for the spark to jump the
trodes in your spark plugs, and misfiring is like
wing out an anchor behind you. In a typical 50
road kit, standard ignition is probably all right as
1 as all components are in perfect shape. You'll
i good HT leads, a good cap and rotor arm (where
i), and the best spark plugs. For most road-use

ations, you should go one range colder on the -
In setups using more than 50 bhp jets, plugs "/;
steps colder may be required, and an
L

market ignition with high-output coil, phat
eads and ignition amplifier box will be helpful,
| a manifold and cat-back exhaust system
i you've previously added a chip or had your
reprogrammed to make a few more
rsepower, you should revert back to standard specs, since most
nputer “upgrades” increase ignition timing. The nitrous more than makes
) for the few horsepower you might lose through "un-chipping”, and
ng back to standard specs can help avoid detonation. In engines running
compression or using higher doses of nitrous, you'll want to fit an
ftermarket timing control that will actually retard the timing while the juice
Some companies include with their N,O kits an electronic controller
that gives you two programs - one for standard performance with increased
ng for normal driving, and another that retards timing and automatically
vitches on when the nitrous Is engaged
Your engine should be in top condition before adding a nitrous kit. The
xtra cylinder pressure can cause blow-by on worn piston rings, and any oil
t sneaks into the combustion chamber can create immediate detonation
ven In a good engine, you should change engine oil and filter after
sing a lot of nitrous, because some fuel may
> your oil. Other engine conditions that c
trous use include a partly-blocked or poor-performing
Jmp not up to spec, restricted exhaust system, or dirt
Running the engine lean (not enough fuel going in wit
f the biggest tuning mistakes that results in detonation
vour first few runs on your newly-installed nitrous system, you should do

orced past the r

ose examination. Refer to Chapter 5 for inspection of spar
discoloration or any of the other signs of overheating
detonation. When you make any other modifications or
hanges to your engine, you should do another plug reading
When you see the early signs of detonation on the spark plugs,
you have time to examine the engine and find the cause before
any parts are destroyed. If you have a factory or aftermarket
rev limiter and it interrupts the ignition system as a way to limit
the revs, you may want to invest in an aftermarket “window
vitch” that can disengage the nitrous system just before your
ev imiter cuts in
The pressure in your N,O bottle has a definite effect on the
richness/leanness of your combination on nitrous. Consistent
bottle pressure is important. Your kit manufacturer will
probably give you a recommended bottle pressure, or a range
to work within. Below this pressure will induce a rich condition,
which will hurt power slightly, but won't damage the engine
high a bottle pressure will cause a lean condition, and
e've established by now what that means

~— have to open the boot to read the
pressure gauge on the nitrous tank, you
can use this remote electronic gauge from
Nitrous Express and mount it in your dash or
windscreen pillar pod.

If it's inconvenient to always

When you see
the radical
purple
components. You
know you‘re looking
at something from
Zex Nitrous
systems - their
bulkhead-
mounted box
is unique
because it
puts the
solenoid,
throttle
switch and
nitrous
manifold all
inside for a
clean look.

Here's a "pilot-
friendly” location,
and the angle of
the bottle is good,
but any bottle in
the cockpit should
have its relief valve
hard-plumbed to
the floor so that in
case of a high-
pressure blow-off
(0o-er), the driver
isn't in danger.
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The temperature of the bottle has a lot to do with the internal
pressure, which 1s why on a cold day at the races, you may see

people in the pits with their nitrous bottle out of the car, trying

to warm it in the sun. To raise the pressure in a8 bottle, many

tuners use an electric bottle warmer, which is a plastic
wrap that goes around the bottle and has a heating
element in it. When the tank pressure is right, you
can turn off the warmer, and a
bottle cover (like an insulated
blanket) can be put over the
bottle to retain the warmth

An additional option to avoid detonation is an

adjustable

low-fuel-pressure switch, which taps into your fuel system. If

your fuel pump slows down or there’s a leak that cause the fuel
pressure to fall below a set level, the nitrous is shut off to save

Prepping for nitrous

the engine from a lean burndown. That’s good insurance

In an unusual mid-engined application, this one gets the nod for “most

You've seen the pro racers squirting a blast of fog
from the engine just before takeoff? - it’s called
purging, and it ensures the solenoid gets only
liquid nitrous, no spots of gaseous N,O - this is a
NOS purge kit operated by a dash button.

.n a show car, there’s nothing like the interesting nitrous layout” - three bottles feed into a Nitrous Express rail with

IF'-' iwhen it's a polished one.

On a race car,
every pound
counts, And this
bottle really shows
you're serious
about nitrous

it's made of
composite, it's half
the weight of a
metal bottle, and
it holds two extra
pounds of N,0, for
12 in total.
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‘ appeal of a nitrous bottle, especially a single gauge, while two solenoids at each end of the rail feed the engine.

Sometimes the boot becomes the scene of a competition for space between
two passions, music and performance - this owner laid things out right .



PROGRESSIVE NITROUS CONTROLLER
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Nitrous controls have become very
sophisticated compared to controls of
even five years ago - this box from NOS
can set a variety of tasks, especially
multi-stage application of the nitrous
for drag racing.

d the bottle’s mounted all wrong - sideways-

cations means the system could go way
ch under acceleration (not enough nitrous)

Nitrous and
turbocharging

As we'll discuss in the next Chapter, turbocharging and nitrous can
work well together, especially on a race car. Turbos can add
tremendous horsepower to an engine, but it's not a simple bolt-on.
The turbocharger itself must be sized exactly right for the application
to work well in a variety of conditions. When a turbo is large enough
to flow really well at high revs, it’ll usually be too big to spin up
quickly at the low end, thus exhibiting what most enthusiasts call
“turbo lag.”

Racers have found that they can have the best of both worlds by
using nitrous and turbocharging together. They design a turbo
system that works great at the top end for maximum horsepower,
but add a carefully calculated dose of nitrous, which is just what is
needed down at the low end. When it's coordinated properly, the car
has a great launch from the nitrous, but the juice is cut off just when
the boost is up and the turbo takes over for the rest of the ride, with
no lag! Some nitrous kits can be specified with a controller that shuts
off the “go-juice” when a preset level of boost is achieved.

Obviously, when you have two such amazing power-adders on
your engine at once, there's a giant step up in the cylinder pressures.
Some of the things we may have mentioned as "options” for a mild
N,O system are suddenly not options any more, like free-flowing
intake and exhaust components, an all-out ignition system with
racing plugs, a pumped-up fuel system with an
extra pump, bigger injectors and a fuel
management box, and a few items to prolong
the life of the engine. Forged pistons, good
connecting rods, strong crankshaft and
cylinder head studs may all be M‘
necessary. Your car's going to have a
serious problem getting all this new-
found power to the ground, so you might
even need to look at aftermarket -
driveshafts. If you put on the slicks you !
need to get traction, the high loads are
going to take their toll on your
economy-car driveline components.

One final note on nitrous oxide; you'll start
off your “adventure in chemistry” with a
manufactured kit for your car, designed for safe
operation when installed and used as directed.
If you start altering the engine in other
ways or you're having some problems,
contact the tech people at your kit's
manufacturer. A few minutes on the
phone getting their advice could save
you an engine!

A number of companies offer a
switch that cuts off the nitrous
system in the event of the car’s fuel
pressure running low, and also
prevents nitrous application if you
operate the throttle when the
engine’s not running
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Show, go, race, road,
aftermarket or factory-
installed, there’s something
special about a turbo car -
equipped with all the right
goodies, its like having a
big monster motor under
the bonnet, just waiting to
come out and play.




Left - This layout of Edelbrock’s 1996 to
2000 Civic SOHC VTEC turbo kit shows
the kinds of components to expect in a
good kit - there should be good
instructions, turbo, turbo manifold, pipes
hoses, hardware, oiling components and
air filter - the Edelbrock kit makes 5-7 psi
with a Garrett T28 turbo, and

tercooler and their

DE’FT”"‘E X intake manifold.

Below - If you're planning on making a
show-and-go ride out of your Ford Focus,
Gude ha urbo kit with intercooler

ther hardware you need,
plus the pipes are all chromed

Boost, the increased pressure inside
your engine when the turbocharger is
working, pumps up both the engine
and your heart rate. Unlike nitrous
oxide, which only comes on when you
arm a switch and hit full throttle, the
turbocharger lies under your bonnet
ready and waiting for any opportunity
to rocket you forward with a smooth
whoosh and a high-speed whine like a
small jet engine. The sound and the
performance are both addictive. You
find yourself looking for opportunities
to see some psi on your gauge, and let
the guy you passed know what kind of
magic science gave you that mid-
range/top-end advantage.
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In a typical turbo installation, in this case a GReddy kit on a Honda Prelude, the main components of a non-intercooled system include:
the exhaust-driven turbocharger (1); the exhaust downpipe from the turbine to the exhaust system (2); the compressor side of the
turbo (3); the piping to duct the pressurised air to the intake manifold (4); and the intake piping that brings air into the compressor (5)

How it works

There are basically three main elements to a turbocharger - the exhaust turbine;
the intake air compressor; and the housing/shaft/bearing assembly that ties the
two pressure-related sections together. The job of the turbine is to spin the shaft
of the turbocharger. The turbine is composed of an iron housing in which rotates
a wheel covered with curved vanes or blades. These blades fit precisely within the
turbine housing. When the turbine housing is mounted to an engine’s exhaust
manifold, the escaping hot exhaust gases flow through the housing and over the
vanes, causing the shaft to spin rapidly. After the exhaust has passed through the
turbine, it exits through a large pipe, called a downpipe, to the rest of the car’s
exhaust system.




-omputer upgrade, and . . .
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This typical complete turbocharger kit (GReddy for Civic S1) has all
the good stuff, plus a set of performance fuel injectors and a

. this is what that same kit looks like after fitting on a Civic Sl in
the real world

Vithin the compressor housing is another
eel with vanes. Since both wheels are
nnected to a common shaft, the intake
eel spins at the same speed as the turbine,
the compressor draws intake air in where
e rapidly-spinning wheel blows the air into
e engine’s intake side. The more load there
on the engine, the more the turbocharger
rks to give the engine horsepower. As the
jine goes faster, it makes more exhaust,
ch drives the turbocharger faster, which
nakes the engine produce more power.
The unit in the centre of this turbo
wandwich® has the important function of
iably passing the power between the two
usings. What makes this so difficult is the
wemendous heat involved and the high
peeds the shaft must turn
Millions of turbochargers have been
nanufactured using a sleeve-type bearing
that relies on a high volume of engine oil to
«eep it and the shaft cool enough to continue
thout seizing, but many of today's
verformance turbochargers feature ball-
pearings. The technical name for the centre
artion of the turbo is the CHRA, for “centre
busing and rotating assembly”. Some turbos
are fitted with a water-cooled CHRA, where
enging coolant is circulated through the
bearing housing to carry away extra heat
neyond what the oil can do. The CHRA is also
sometimes called a "cartridge”.

Turbochargers
by the numbers

You like high engine speeds, like 8000
or 9000 rpm? At speed, a turbocharger
is rotating at 100,000 rpm or more!

Some turbo tuners speak of boost in
“inches” instead of psi because it's a
finer measurement. If you need to
mentally convert, the inches are about
double, i.e. 20 inches of boost is about
10 psi.

A good intercooler will reduce the
intake air temperature by at least 50%.
If this is a difference of 100°, that
translates to a 10% increase in
horsepower.

After a period of “spirited driving”,
parts of the turbocharger can heat to
1800°F.
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Here are two show-winning efforts on the same kind of car, the Toyota Supra inline six-cylinder - this one uses HKS turbo components
to blow through an up-front intercooler (not seen here) then into a Veilside “surge-tank” intake plenum with huge 100mm throttle
body - there’s some serious flow here . . .

Consider the turbocharger like the six-gun "equaliser” of
the old West - the SOHC applications are a good
candidate for boost because it allows them to compete in
performance with the more-talked-about DOHC motors,




.. but look at this setup - two turbochargers, in fact two of almost everything and nitrous oxide for the bottom-

end punch until those big turbos start spoolin’. Whoa, baby...

Y RTY %

ins up against physical limitations eventually and can’t pump any
re. In order to make any more boost with a supercharger, you
iwve to change the pulleys or gearing that dnives it, and there's

erally nothing you can do to the internals to make more boost

ood side of the supercharger is that the posit

e blower gives an engine more bottom-end torque because the

wer is working right from idle uj

vards

e limitation for the blower-equipped car is in top end

formance, and this is where the turbocharger has the distinct

itage. The turbocharger Is much m customisable, with

us wheels and housings available to suit

Boost can be made to come in early, o

or modified to make more boost than your engine can live \

e done by an experienced

mponents 1or your engine

pert can take your
yttom-end strength and
v required to meet those

d turbocharger with the

oo small, and you and your
enagine will be unt appy

4

One of the more serious disadvantages of the turbocharger is the
heat it will put into the intake air charge. Actually, superchargers also
heat up the intake air, but the hot-exhaust-driven turbocharger
definitely warms the air charge mast, which is why most successful
turbo systems utilise an intercooler to combat this, Heat is the enemy

of power and of reliability
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While trying to make
and keep heat in the
exhaust to make boost,

you also need to protect
other components in the

engine campartment
from heat - in this very
professionally-done
turbo Supra installation,
the turbine has a heat
shield, but also a metal
heat dam was placed to
protect the ABS brake
components from turbo
heat

Turbochargers and heat

Anytime air is compressed and made to move very quickly, it gets hotter. For example, run your
hand slowly across the carpeting in your house and you can feel slight friction from the carpet.
Now move your hand more rapidly across the carpet at the same hand pressure and you'll feel
warmth in your hand - go too fast and you'll have “rug burn”. The same thing happens to the
air inducted into your engine. Just travelling through your air intake, throttle body and intake
manifold in non - turbo mode, air incurs a certain amount of friction between it and the surfaces
its touches, especially cast surfaces that aren’t perfectly smooth, like the inside of an intake
; - ' manifold. Now force that air in under the pressure of a turbocharger, and the high-speed air
> tends to really heat up.
: Beyond the frictional heating of the air, the turbocharger itself adds extra heat because it's
mounted on the exhaust. If you've ever seen a performance turbo on an engine operating under
B a load on the dyno, you can turn out the lights and see the turbine housing and exhaust
manifold start to glow red-hot! It's making serious power at this point, but obviously the air
| compressor side of the turbocharger is going to get some of that heat
This heat Is perhaps the biggest downside to turbocharging, but a number of excellent fixes
| have been developed over the years. First, improper turbo selection can worsen the heat
' problem. If the chosen turbo is not running at its proper efficiency, it can overspeed (over
100,000 rpm) - here, the air is moving too fast for the capacity of the
engine and “backs up” in the pipeline. This hurts the turbocharger and
your performance. The proper initial choice of turbocharger and the
match of its turbine and compressor to your exact needs should keep you
out of that range and make the right amount of boost without excessive
shaft speeds,

Next up, everything should be done to keep the turbine’s heat 1solated
from the compressor. It's true that heat on the exhaust side is what makes
the turbine work, but that heat should be kept “inside” as much as
possible and not transferred to the engine compartment air and the
compressor/intake side, This is perhaps more critical on engines that have
the exhaust side of the head facing the radiator, like most Hondas. Extra
hot air from the radiator is flowing right over your turbo, which is usually
mounted very close to the radiator, probably the hottest spot in the
engine compartment

Custom tubular manifolds for turbocharger installations
make sense in terms of equal-length flow or if there is no
cast manifold available for the application, but they tend
to develop weld cracks and don’t keep as much heat in,

unless it's made of thick stainless steel, or ceramic-coated

lee



This racer used a cast-iron manifold with wastegate
mount, and had the manifold high-temp-coated to retain
even more heat in the turbine for more boost - heat is
good on the turbine side, bad for the intake side.

e sign ast-iron manifold, here with a Turbonetics
vast - mounted, is ideal for road-use constant heating and
- ) ¢ es, but reqular “high-temp” exhaust paint will come off in no
One of the best ways to keep the exhaust heat inside ' PRI, PR SISO Pare W SO O3
me - temperatures here get into the red-hot range under a full load.

the turbine tract where it's needed is the right manifold
nough it may not look as trick as a custom-fabbed
undle of tubular pipes, a cast-iron turbo exhaust
nanifold is the most durable choice for the exhaust,
sspecially for road use. It's thick enough to retain the
eat inside, and can withstand repeated heating/cooling
ycles without cracking, which is a problem with
exhausts made from tubing. This heat can be further
olated by having the cast manifold treated to a high-
temperature coating. The standard "high-temp”
batings used on manifolds will probably fail on a turbo
anifold, but some of the coating companies have a
‘eramic-based coating that can withstand very high
temperatures (up to 2000 F). The equal-length tubular
:xhausts seen on the old F1 turbocharged race cars can
extract that last little bit of extra horsepower, but a good
ne's expensive, and if it isn't made of thick-walled
tubing, preferably stainless steel, it may not retain all the
eat, and all the weld joints along the route may even
ow the exhaust gases down
Further isolation of the exhaust side heat can be
:chieved by using a shield over the turbine housing
shields are available that are a formed sandwich of thin
stainless steel sheetmetal with a core of high-
temperature insulation. Some have an exterior that looks
ke formed tinfoil, but others have a smooth-shaped
tainless exterior that has the added benefit of making
he whole installation look as cool as it acts

Having the
exhaust/turbo so
close to the
radiator led this
tuner to have his
tubular manifold
ceramic-coated
Also fitted is a
larger aluminium
radiator. Nice.

You say your need for speed exceeds - then top off your
turbocharging installation with a full-on nitrous package
that pours on the juice until the turbo is pumping - this
nstallation uses four Nitrous Express nozzles and stainless-
steel hard line plumbing for both the fuel and N,O
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When you add an intercooler to the mix, you have additional plumbing - here on a turbo installation on a VW Golf
(seen here with the front bumper off), the hot, boosted air leaves the compressor on the engine, travels out to the

front where it enters the intercooler, exits the intercooler in “refreshed” mode and finally enters the intake manifold.

ang maos
n air temperatu n the intact tract on a
intercooler. This is

like a

ooler just | engine

jonal radiator. The

The Subaru WRX also has its factory intercooler located on top of the
engine - when some tuners do a turbo upgrade on the WRX, they fit
a much larger aftermarket cooler in place of the standard one




at vehicle

ger piping of the
er system does more

area for the air to pass
cooling effect makes
ge in horsepower to
make up for that. In
> cases, a good intercooler is
g out more than half of the
eat, and for every drop of
n the intake air fed to your
e, your power goes up about
If the intake air from your
essor is up to 200 to "F
iding on the boost level), the
er can drop that to 100 to
ork out the figures, and
ler's effectiveness is a
or! The same engine and
rger combination may
e pound or so more boost
it all that piping to travel
ugh, but the temperature
ment is worth more than
ght drop in boost.

urse, you can run a turbo
thout an intercooler, but
an't make optimal horse-
and the dreaded spectre of
nation will be haunting you
you're using high-octane
d a few other tricks. Even
built turbocharged cars,
ke the Subaru WRX and others,
sve intercoolers designed into the
3r, both to make more power at a
level of boost and to cope
vith the poor quality of fuel

vallable to us at most pumps

-
-

If you want the maximum airflow over the intercooler, and you want everyone to know
you're packin’ forced induction, the area below the bumper provides the space for a
wide intercooler installation
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Controls

The main boost control device on a turbocharger is an exhaust wastegate - the
more the turbo system is designed to flow, the bigger the wastegate must be.

As wonderful as boost can be, it's a dangerous animal that needs
certain controls to harness its power. Too much boost for the
octane rating of your fuel and you have serious detonation. Even
without detonation, high boost can and will destroy your engine
if it isn't sufficiently reinforced to handle the increased cylinder
pressure.

The primary “leash” on the turbo beast is an exhaust wastegate.
The wastegate is a device that senses boost pressure in the engine
and releases some exhaust to the atmosphere when needed. If the
boost is too high, releasing the exhaust pressure built up causes
the turbine wheel to slow down, reducing the boost to a safe
level. On most production turbocharged cars, the wastegate is
integral to the turbocharger, and dumps excess exhaust back into
the exhaust system downstream of the turbine. In most of these
applications, the systern is designed for a relatively-low level of
boost to maintain reliability. When the wastegate actuates, the
driver never even notices it - the power simply doesn't increase,

If you make more boost than the factory intended, the engine
will need more fuel and probably less ignition timing advance. You
may be able to do both with an aftermarket electronic
“piggyback " controller. There are boost-regulated mechanical fuel
pressure regulators that raise the fuel delivery pressure to meet the
boost conditions, more fuel for more boost. Depending on the
make of your car and turbo, even higher boost levels can be
obtained if you're careful. As always, our advice is to make
changes in incremental steps up, listening to your engine signs of
detonation, and always keep checking your spark plugs for signs
impending problems.

The efficiency of your exhaust system has a lot to do with the
boost level you can achieve. Sometimes factory engineers design
an exhaust with just enough backpressure to keep the turbo from
making too much boost. A really free-flowing aftermarket
downpipe and larger-diameter cat-back exhaust system will
probably increase your boost and still be within acceptable levels.

Really high-performance turbocharging applications will use a
wastegate that is not integral to the turbocharger, mounted
instead on the exhaust manifold ahead of the turbine. These are
generally much larger than the factory type and are adjustable for

boost level with the simple turn of a screw on top of the
wastegate. They can also be regulated by dashboard controls that
alter the vacuum/boost signal to the wastegate. To operate
efficiently, the wastegate must be sized to the horsepower level of
the application. Too small a wastegate can't keep up with a
powerful turbo, and you could overboost beyond what the
wastegate is set to. While factory wastegates dump their excess
exhaust downstream into the system, the aftermarket wastegate
is usually allowed to vent into the atmosphere, though they all
have a mounting flange that can permit a pipe to be installed that
routes the gases away from the engine compartment. Most
enthusiasts don‘t put on a pipe, they like the loud “braaakkkkk”
noise when the wastegate opens!

A second type of control used in most aftermarket turbo
installations is a blow-off (dump) valve. Unlike the wastegate, this
type fits on the intake system. When a turbocharger is spinning at
high speeds and making boost, it can‘t stop or even slow very
easily or quickly. If you happen to quickly back off the throttle
when you've been under boost, the intake system is still filled with
pressurised air. The blade in your throttle body is closed, but the
turbo's compressor is still packing in air behind it. Since the
pressure has no place to go, a pressure wave backs up into the
compressor and tries to make the wheel go the other way, causing
a pressure surge that is damaging to the compressor. Another
negative effect of the pressure backwave is that the compressor
starts to slow down, so when you get back on the throttle again
it has to work to catch up to the pressure it had before. These two
problems can happen any time the throttle is closed, but is a real
pain where you're on-off-on the throttle for every gearchange.

The solution is the dump valve. Mounted on the intake pipe, the
valve contains a spring-loaded diaphragm or piston that lifts when
it senses a surge. As soon as the air is released for a split-second,
you've finished changing gear and the boost resumes with hardly
a noticeable lapse. Aftermarket dump and bypass valves are
available for any turbo application, but the most common Is the
dump valve because it makes a sharp and loud hiss ("tsssch”)
when it opens. A must-have noise for any seriously-tuned engine,
you'll find you're changing gear just to hear it.




The other type of boost
control is a dump valve.

Vastegates mount in the exhaust stream ahead of the turbine To be a little more subtle and Designed to be mounted on
Vhen the boost limit is exceeded, the wastegate releases some quiet (why?), this wastegate the intake side, it prevents
exhaust to slow down the turbo - in this installation with a very has a pipe plumbed down to pressure surges if you close
tzll wastegate, an elbow’s been used to mount the wastegate for the exhaust system - the pipe’s the throttle quickly, like
wderbonnet clearance - note how they wrapped the downpipe also insulated to keep the when gearchanging, while
~ith insulation to prevent heat transfer to the engine’s sump. heat away from the radiator. the turbo’s working hard.

™
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n this installation, a flange was welded to the intake tube just If you really want everyone to know you're
before the intake manifold to mount the dump valve - as in most boosted, get a dump valve like this, with a
setups, the valve's release port is left open to atmosphere rather horn-shaped exit - makes a real blast for
than plumbed back in ahead of the turbo (don’t lose the noise) every gearshift you make on boost.
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Preparing
vour car for
turbocharging

Of all the accessories you can get to go
along with a forced induction system,
none is more important than the
boost gauge.

Although most turbocharging kits have everything you need to actually fit the turbo,
there are a number of considerations beyond the supplied parts. Is your engine ready
for boost? The kit instructions, if they're good ones, will give you recommendations for
other modifications you can make to allow the turbo setup to work even better on your
engmne.

Perhaps no other "accessory” is more important for a turbo’d car than an accurate
boost gauge. Unless you have a way to keep track of actual boost in the engine, you'll
never know if the turbo is working at its potential or if the wastegate is adjusted where
you want it, and working. The gauge is also helpful to diagnose faults on your system
If you see a lesser amount of boost than normal (under the same conditions of throttle,
rpm and load), you should inspect the piping and hoses in your intercooler plumbing to
see if there's a minor leak. The best boost gauges are dampened to give steady needle
readings and indicate both vacuum (negative side, in inches of mercury) and boost
(positive side, in inches of mercury or psi)

A strong aftermarket ignition system will be very helpful to fire the plug gaps in the
dense atmosphere in the combustion chamber when the turbo is cramming all that air
in. The manufacturer may also recommend different spark plugs to use, or just a
different plug gap for the standard plugs you're using.

This “pilot” has the
controls and data
equipment he needs to
watch over his boost
accumulating engine
one is a piggyback fuel
controller and the
other an electronic
boost controller, both
from A'PEXi




Heat s always a critical factor in a turbocharged application, The
*urbo kit you use should include or recommend what'’s needed in
e way of fuel management and timing controls to prevent
etonation, but there's also engine heat. A really good radiator is
>ng to be crucial, and you might consider an aftermarket heavy-
“uty radiator with more rows of tubes than standard. Aftermarket
companies also make some excellent fan/shroud combinations
mat flow more air through the radiator than a standard fan. If you
2on't opt for a new radiator or fan, then at least check the Haynes
=pair manual for your car for info on ceaning and maintaining
sour standard cooling system,

Oil is a big issue with a turbo because the oil not only lubricates
thus very precisely machined and balanced assembly, the oil is also
e cooling system for a device that gets mega-hot. Keeping the
turbo alive and cool means there must be a steady flow of clean,
uality oil, in and out. The supply line should be free of sharp
mends or kinks, but this is even maore critical on the much larger
irain hose that comes from the bottom of the CHRA. The hose
Joesn't carry a great deal of pressure like the supply hose, but it
must be capable of carrying away an unrestricted volume of oil
nack to your sump. Route the drain hose without kinks, and when
e drainback hose fitting is welded to your sump, have it come
~to the sump at a slight downward angle and above the normal

level. If there is any restriction in this drainback system, oil will
sack up into the CHRA and slow the cooling/lubricating action.

Most kits don’t include this, but you may want to consider a
turbo timer as an option. This is an electronic unit that will run
rour engine for a specified period, say five minutes, after you shut
t off with the key. This is a cooling cycle for the turbocharger, and
some factory turbo cars have one. The reason for this is a problem
-alled coking, which occurs when you've been running your turbo
nard and then shut off the engine. Tremendous heat-soak occurs
1 the CHRA because oil is no longer flowing through to cool the
pearing. The coking happens because the oil that remains sitting
n the turbo’s bearing area may caramelise into coke, the kind of
-oal-like material used in steel foundries. These little particles of
now-crunchy oil get circulated in the turbo and the rest of your
Jbrication system. The turbo timer gives the turbo a chance to
ool down after a run

A final entry on your good-idea list for the lubrication system is
using an engine oil cooler. Many standard engines have a factory
oil cooler sandwiched between the oil filter and the block, with
coolant lines connected to the cooling system. If your car doesn't
have one, there are a number of aftermarket oil coolers available
An oil cooler is a good thing for any high-rewing small engine, but
good insurance for a turbocharged one. Keeping the oil cool is
one reason not to run uninsulated turbo pipes near the sump.

As we have mentioned in other Chapters, your engine should
be thoroughly checked out and in top shape before any mods are
undertaken, but especially for a power-adder like a turbocharger.
Boost is going to rapidly kill any engine with weak valve springs,
worn rings or loose bearings. Depending on the level of boost,
there may be other steps to take to give your engine a longer life
under pressure. If you're running a 5 to 7 psi setup and you have
adequate controls against detonation like high-octane fuel and
fuel/timing controls, you should be fine unless your driving style
means the engine's on boost for five minutes of every ten-minute
trip to the shops. Higher levels of boost require more safeguards,
starting with your pistons. New forged pistons with a lower-than-
standard compression ratio will help deal with the pressure much
better. Once you get to the 8-10 psi range you should lower the
static compression to 9:1, and if you venture to higher boost
levels, you'll need
to get pistons for
8:1 compression.
In the higher
ranges of boost for
serious road or
drag racing
horsepower, you'll
have to do a lot
more to strengthen
your engine, and

these kinds of
"insurance” mods
are covered

elsewhere in this
book

Above - The GReddy “Profec EO-1" is a
multi-tasker for the boost-minded - it

and the LED screen can display boost,
rpm and another channel all at once.

Left - In some boosted applications, the
fuel pressure is raised under boost, or
larger injectors are used to supply extra
fuel - using one or more additional
injectors that are only used under boost
is one way to keep the engine happy

injector(s) makes this possible

manages your boost, has several warning
functions, can log 3 hours’ worth of data,

without affecting normal driving air/fuel
ratios, and a controller for the additional

129




.......

The 300ZX may be
old now, but you
can't tell by how
it runs - the JWT-
upgraded twin
turbos do their
thing, and the
engine's never
had the heads off
for work in
200,000 miles.

. m
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. Turbo durability
It looks like a plain, white, older Nissan, despite it being in great shape and having a nice set of wheels.

The 1990 Nissan 300ZX owned by Alfred Torres is actually a fine-handling sports car that gets driven
daily, and turns in dangerously close to 11-second guarter-mile times at the dragstrip.

Alfred bought the car when it was two years old, and has put 200,000 miles on it (under boost most
of the time) and it's a great example of what you can do by buying a factory turbo car and upgrading it.

The performance work on the twin-turbo car was done over a period of time, as he could afford the
changes, and included a pair of upgraded turbos from the Nissan specialists at Jim Wolf Technology, a
computer from that same firm, and a number of aftermarket control devices. The electronics include: a
GReddy exhaust gas temperature (EGT) gauge, A'PEXi multi-checker, GReddy boost controller, two boost
gauges (one for each turbo bank), and a steering wheel button (remote) that operates the boost
controller without Alfred’s hands leaving the wheel, The EGT is fitted to No 6 cylinder - it's the one that
runs hottest and leanest so it's the one to watch. He uses iridium plugs, one range colder than standard.

The happy owner controls the boost setting depending on the fuel available. In everyday driving, the
control is set for 15 to 16 psi for ordinary petrol. When Alfred can get a little high- octane unleaded, he
clicks the control and runs 18 psi, and when he’s at the track and can get racing fuel, he's got his “phasers
on stun” at 23 pounds of boost! That's when he runs right around 12 seconds or less in the quarter.

What's the moral of the story? Just that, contrary to what most people think, you can have a
performance daily driver that's smooth, reliable, and you can keep it for years. Do careful research on the
right car and the right components for it, learn what you need to know to take care of it (of course, buy
a Haynes repair manual for it) and know the car’s limits, and yours,

Two boost gauges,
several electronic
aftermarket control
devices, and an
ominous-looking
pushbutton on the
steering wheel all
contribute to putting
the driver in control
of how much power
he wants, and when
he wants it. Now! Go!
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Turbo ultra-performance

etter example of the power
'\g when dealing with small

engines th: The Summit mail(
[-g-r";ur.':-.-|:|:|- company I1s 4 tamiliar name 1o .i‘.':"."

American modifying usiast, being a similar outtit to

Demon Tweeks in the UK. They campaigned this “2002

Chevrolet Cavaher”™ in the NHRA/Summit Sport

Compact draq senes, where it won the 2002 Modified

Championshup. For us Brts, a Chevy Cavalier is a _ : . ‘

to our Vauxhall Vectra - not the kind » |
O be doing this sort ot "|||".r.]_ At all 6. 4 l

broadly similar car

of car you'd exy
It ran a best of 7.665 seconds at just shy of 180 mph

n the quarter-mile, and what makes that a phenomenon is the engine that did it, a 2.2 litre Ecotex

ar was built by Jerry Haas and driven by Matt Hartford, our real interest here

r-cylinder. While the «

n the basic GM (Vauxhall/Opel) engine that now runs like a blown hemi V-8
John Lingenfelter Performance Fll']f‘.]”ll\(-r_.r][}‘ famous builders of Chevrolet engines, took a quite
engine that originally squeezed out 130 horsepower, and turned it into a tire-breathing

1080 t orsepower at the wheels!

all the detailed specs on the engine's internals, but it's safe to say that considerable
v W done to make the reciprocating parts stronger and lighter, to reinforce the block t
withstand the huge increase in cylinder pressure, and to do everything possible to the cylinder hea
ork. valves, and cams to achieve high-rpm flow of the highest order

ya Garrett

aver in the engine compartment has to be the | ball-bearin

nost of the power increase is from the senous amount of boost it pumps. We do

turbocharger, and
ompressor output travels

know that the engine sucks air in through a large intake duct, and that the «
through a liquid-to-air intercooler before entering the fabncated Hogan intake manitold with big
throttle body The engine also teatures an MSD 8 ignition, an Autoverd dry-sump lubrnication system
and a Big Stuft 3 engine management system

This race car was built by some of the top people in the country, and \ 2 not suggesting that this

kind of power level 1s available to you simply by bolting on a turboc t 1s an incredible

example of what can be done in small-engine turbocharging. Probably no other technology would
have permitted such performance from a couple of litres

Owners of Vauxhall/Opel Ecotec engines should be very encouraged by the varnety
General Motors. Their US

it performance

equipment offered for these engines by GM Performance Parts Division of
atale ncludes a 2.2 litre heavy-duty block with steel sleeves, bigger head and main st
t's machined for metal O-ning type head gaskets. They also have ava lable billet crankshafts and rc
a tabncated intake manitold and a

CNC-ported cylinder head

These DOH( engines have
balance shafts in standard 2.2 litre
fnrrnl but most engine builders fteel
these are a himitation in high-rpm
race enqines, so GM even offers a
pair of balance shafts witl
"neutral balance ftor use n
performance engines. And don't
let's forget, the Ecotec series engine
was originally designed to be

SIons and environment-

If this one friendly. Yeah, right!

pulls up

next to you

at the lights,
let it go... §




If you've read Chapter 6, you know that an internal-
combustion engine operates like a compressor. It sucks in a
combustible mixture of air and fuel, ignites it and uses the
resulting pressure to push the piston up and down and make
the crankshaft deliver the power to the wheels. For the
purposes of this Chapter, the key word in that very simplistic
explanation is “sucks”. Hmmm.

Your engine relies on the downstroke of the pistons to
draw the air/fuel mix through the air filter, intake pipe,
throttle body, intake manifold, cylinder and finally, past the
valves to the combustion chamber where the action is. That’s
one very long and tortuous journey when you think about it!




Many methods have been tried to “help out” the
engine so it didn‘t have to work so hard just to get
a breath of freshly-vapourised petrol and air.
Forcing air in by some external device has been the
project of engineers almost since the car was
invented. Superchargers have been used on piston-
driven warplanes and racecars since the Twenties,
and the technology and marketplace have
narrowed this field called “forced induction” down
to the two basic devices we're concerned with in
this book - turbochargers and superchargers.

Atmospheric
pressure

Or why your car runs better at
the beach than in the Rockies

. =0R
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This Toyota V6
features a belt-
driven, Rootes-
type blower. The
entire bolt-on kit
is available from
Toyota Racing
Development
(TRD).

Our last Chapter dealt exclusively with the
turbocharger. It's similar in function to the supercharger,
but differs in that the turbo is driven by exhaust gases,
rather than by mechanical means. A supercharger is
driven by the engine, either with gears, chains or belts, so
there is direct correlation between the engine speed and
the boost produced by the supercharger. While the
turbocharger may have the upper hand when you're
talking about all-out high-rpm performance on the track,
the supercharger shines at improving road performance
almost from idle speed upwards

Since the supercharger is directly linked to the
crankshaft, it starts making its boost right from "the
basement”. This gives you the kind of low-end power
you get to enjoy in most normal driving circumstances
without hammering the right pedal to the floor all the

time. Driving a supercharged car gives you the sensation
that you have a much bigger engine, without the nose-
heavy weight and less-acceptable fuel economy.

Low-end torque is what we need and that's what a
mechanical supercharger does best. By packing in more
air, the engine ingests a denser mixture of air and fuel
without the effort of having to suck it in using normal
atmospheric pressure,




Boost

You must have a boost gauge to monitor the performance of any
forced-induction engine. The best gauges indicate both the full
range of vacuum (negative pressure, usually in inches of mercury)
on one side of the zero mark, and the positive pressure (boost)
side goes from that zero mark to 10, 20, or more psi of boost. In
a typical vehicle in good condition, your engine may be idling at

600 to 700 rpm and vacuum is high, maybe 17 to
20 inches unless you have an aftermarket camshaft, which
would lower the idle vacuum. This vacuum will drop rapidly
when the engine is accelerated quickly, but then smooth out at
most speeds; when you're in top gear and cruising, your gauge
may again read something like your idle vacuum, indicating that
you are driving at good efficiency.

Put a supercharger on that same vehicle and your gauge
readings are quite different. The idle might be close to standard,
but once you first start to hit the pedal and the revs rise, you'll
see the vacuum reading go down and stay down as you increase
engine speed, At a certain speed under load, say 1500 to
2500 rpm, you start to go right onto the boost side of the gauge
What many newcomers to boost-gauge watching don't realise is
that the section of the vacuum/boost gauge from your idle
vacuum reading all the way up to zero on the gauge can't be
discounted. Anytime your forced induction system is “taking
away" vacuum, it's making performance, so you don't have to be
showing 6 pounds of boost to feel like your engine is bigger than
it used to be. The more your gauge goes clockwise, the more you
have to hang on!

As heady as all this is, we must be realistic about boost levels
As with a turbocharger, fitting a supercharger doesn’t mean your
engine will get trashed. Nonetheless, there's a limit to the boost
your blower can make, and probably a much lower limit of how
much boost your engine can take, regardless of how the boost
was generated. Most road-use supercharger kits are limited to

Y
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Above left - This shot of the JR Focus kit outside the car shows
how the long belt arrangement works the blower drive in with
all the factory accessories.

Once the kit is installed, the underbonnet view of the finished
Focus installation by Jackson Racing looks almost standard, until
you spot the Eaton supercharger near the bulkhead.

between 5 and 7 psi, to make some power while working well on
a basically standard engine that sips pump fuel. Some kits on the
market have optional pulleys that will spin the blower faster for
more boost, but, as with any power adder, you can only go so far
in increasing cylinder pressure before you have to make serious
modifications to strengthen the engine (see Chapter 13 for more
on engine durability mods).

Your engine’s existing compression ratio has an important effect
on the boost level you can hope to use with any forced induction
system. The higher the static compression ratio, the less boost you
can run without detonation. If your compression ratio is too high,
the small amount of boost you can reliably use may not be worth
the effort and expense of the supercharger system.

Our modern engines generally have higher compression ratios
than other vehicles on the road, which is 3 good thing for engine
efficiency, but not so good for supercharging. If you have a Jap
import, or a Jap engine conversion, the compression could be 10:1
or even higher because of Japan's 100-octane fuel and less-
stringent emissions laws - in that case, your engine is not a
candidate for forced induction unless you change to much lower-
compression pistons, Just as a guideline, you should be able to use
5 to 7 psi of boost if your engine’s compression ratio is 9:1 or lower.
if you're rebuilding your engine before installing the forced
induction, it's a good idea to equip it with new forged pistons of
8:1 compression. This should let you run 8 to 12 psi of boost, which
i5 a big difference in perfarmance when your big right Reebok goes
down. This is just a general guideline - the design and efficiency of
the supercharger you choose will also be a factor

w
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Most us only dream about riding in a true
sports car like the Honda NSX, but if you've
got one, the Honda experts at Comptech have
this screw-type blower package you'll want

it fits under the standard engine cover and
doesn‘t void your warranty (most of these kits
are fitted by Honda dealerships)

With the top cover off the Whipple twin-

screw blower used on the Comptech NSX kit,
you can see how the two screws squish and
compress the incoming air between
them for good mechanical
efficiency - such
precision comes
expensive

;]
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Heat and
= cdetonation

kg f  We discussed the demon that is detonation in the turbocharging
Chapter, but it bears repeating here because the problem is the same
with all power adders. The octane rating of a fuel is an indication of its anti-
: knock resistance. In the Sixties, you could buy 100-octane petrol right from the
_-“ * pumps (like you still can in Japan) - those were the glory days for hot rodders, who ran
around the streets with 12:1 compression pistons. Once that nasty lead (ethyl) was
removed from the gas for environmental reasons, what we're left with at the pumps today is not so
suitable to modified engines. Knock, pinking, pre-ignition and detonation are all terms that describe
abnormal combustion in an engine. What it boils down to is when the combustion chamber pressure and
temperature rise to a certain point, hot spots develop in the chamber and instead of one steady flame
front across the mixture, you have more than one fire burning, or burning taking place before it's
supposed to
The two main factors in detonation and its control are heat and timing. Octane is also a factor, but once
you've stepped up to using the “super” fuel, there isn't much you can do to get more octane unless you
resort to using a can of aftermarket octane booster with every tankful. That can get both annoying and
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Intercoolers help make more power and stave off Heat is the enemy of your engine, and the more you can reduce
detonation by cooling the incoming air and that, the more boost you can run - an oil cooler kit will help
making it more dense keep temperatures down.
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expensive. Ignition timing does offer some ways to
Jeal with detonation. Supercharged engines generally
Iike” more timing, especally initial advance, but
nce you're making full boost and the car's under
sad, too much ignition advance can bring on the
“death rattle” you don’'t want to hear. Your
computer-controlled engine management system
ncorporates a knock sensor on the block that signals
the ECU to pull back ignition timing if knock begins.
~owever, things happen more rapidly in a boosted car
than a normal situation where it’s just reacting to a
bad tank of fuel. How much advance your application
can handle s a trial-error-experience thing, but if
you're using a production blower kit from a known
manufacturer, these tests have already been made,
and some kind of timing control program should be
ncluded.

Note: When you do pull back lgnition timing,
sou're also reducing your power, so there is a point of
diminishing return.

Heat, in the blower and intake tract, has a major
sffact on detonation control. A boosted application
that can take 8 psi on a cool morning may need some
«nd of controls to counter detonation on a hot
afternoon, Although a supercharger doesn't put as
much heat into the intake tract as does an exhaust-
driven turbocharger, plenty of heat we don't want is
still added to the intake tract. When you compress air
=nd force it through the whole intake tract, the friction
of these parts against the airflow heats the air. Hot air
i less dense, and remember that the reason for using
a supercharger is to make the intake charge denser. A
mechanical supercharger may add 100 to 200 F to
whatever the ambient air is, so on a 70-degree day,
the intake air could be nearly 300 degrees!

As we discussed in the turbocharging chapter, one
really effective way to lower the temperature of the
ntake side is with an intercooler. This is a heat
exchanger, usually an air-to-air cooler, which mounts
n the intake tract. When boosted air is forced to
travel through a cooler (like a small radiator) that's
exposed to outside air, the intake charge temperature
drops and power goes up. Thats the beauty of
intercooling; it not only helps avoid detonation, it
makes more power. With normally-aspirated or
forced-induction, for every 10 °F you drop the intake
temperature, you gain 1% in power. Drop the
temperature by 100 degrees and you gain 10%,
which is substantial when we're talking about
already-efficient small engines.

The bad news Is that most bolt-on supercharger kits
don’t include an intercooler. In some cases, small
mechanical superchargers don't make high levels of
boost, and plumbing the whole thing through more
pipes and an intercooler may slow down the air
enough to almost wipe out the positive effect of the
cooling.

Blower kits

There are several types superchargers used in kits designed for
modern engines. Of course, each manufacturer will tell you their
Ylenty of research on your own
3 kit that may cost £2000 or more
1n you'll see are the Rootes
entrifugal design
ises a pair of rotors that turn
ght rotors with two or three
s 3 certain amount of air and

the case and out to the intake

design is the best, &

before making a decis

The two main types of supercharger ¢

type or "positive displacern
The Rootes-type mect

inside a housir

lobes, and as the ]
propel it to the inner cir
manifold. Each time the they capture air, hence the
s that it starts making
wers are noisier than
other designs, induce more heat into the intake tract, and take a little

* description. The benefit of this type

boost at very low rpm, but s¢

more crankshaft horsepower to drive. Most of the smaller blowers
N around for years,
sed Dy major car

used on kits have very prover
and in the case of the Eato

manutacturers on facto

A variation of this type of blower pe. These have two

rotors with helically-wound

vanes .r(l' as the name

mphes, ook like two giant

screws. When the two

Packaging a supercharger kit for an already
“compact” engine compartment can be a challenge -
this kit puts the blower right where it needs to be by
using a (very) long-belt drive system.
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This well-engineered Civic 5! kit <
from Vortech includes a shaft that N z _
is belt-driven at the drivebelt end I 1

Il llj'

of the engine, and places the "'IIII'. ['®)
centrifugal blower at the gearbox L L L L
end where there's room - the kit - 2
includes a dump valve and a )
liquid-to-air intercooler not often ~
seen on road car installations. P

0010101616, ‘e HANDA IV $1 161
01040, f?())g PYOYCY  SUPHRCHARGING SYSTEM

This very complete package includes wiring, hoses, fuel pump, FMU, supercharger and
drive, and the compete water system for the Maxiflow Power Cooler.

screws mesh together (there 1s a male and a female rotor), the air is actually compressed between
the screws
The other major type of bolt-on supercharger is the centrifugal design. From a quick
examination, the centrifugal blower looks just like the compressor half of a turbocharger, being a
multi-vaned wheel within a scroll-type housing. Unlike a turbocharger, this type of blower isn't
driven by exhaust but by a mechanical drive from the engine, usually a belt. On the back of the
compressor is a gearbox that speeds the compressor wheel up compared to engine rpm. Now you
have some of the boost potential of a turbocharger without the added intake heat from the
exhaust-driven turbine. These types of blowers are not “positive-displacement”, and thus do not
necessarily make their boost down on the low end, but have plenty of air-movement potential
when they’re spinning rapidly. The centrifugals also don't take as much horsepower to drive as
some other mechanical blowers that are positive-displacement. In general, centrifugal
superchargers will make more power than a positive displacement type, but the power will come
at higher rpm. You have to decide what your own performance needs are to decide on the right
kit for your application
like a turbocharger kit, a supercharger kit for most cars includes a whole new intake
1CE 1 tlet configuration of the blower. On most centrifugal
I't needed, because the boost can be plumbed to
your existing intake as is done with a
turbo install

This Honda is equipped with an
Eaton blower from Jackson Racing -
note how neatly the blower drive
tucks in under the standard power
steering pump, like it grew there.
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ell-thought out
installation that takes
maximum advantage ¢
the supercharger will

include other
modifications - in addition
to'the JR blower, this
showy Honda has an
induction kit, manifold,
high-output ignitionand
a revamped fuel system
with custom | rail,
FMU, fuel pressure gauge
and biqg fuel filter

]y need t the standard parts and slapping new parts in. The quality of

the system and use t tr 1 t ns varies among manufacturers, but al

ver, intake manif ting | gware npanies have tecr nes to answer your questions about
ictions and some type of electro o control fuel fitt t 35 WE ebsite

very and/or ignition 1-:'1';|-‘.r_] Some | 1 : SKed QueE
jard fuel pump that replaces your a ry f € ' -
3l fuel-pressure regulator that may be b ealir t e t K¢
er components could be hoses, wire harnesses, a here fy - k
tercooler, and parts that relocate items in the engine want to have a t 1 T
partment to provide room for the blower. Some ence
tallations may include an oil filter rel kit that allows aim their Kits
easier oil changes after the supercharger kit is installed it
sse kinds of extras are installation-specific, but well worth  because of engine compartment and engine layout, and you
eking out, for making installation easier, and living with the  may need to spend the weekend working on it. Just take your
wer afterwards less of a problem time and you'll have a successfu nversion to forced
Most kits can be fitted by a competent mechanic, provided nduction. As with any other kind ot car moditying, it always
e reads the manufacturer’s instructions before ripp ng out pays not to rush it
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Good for any forced-
induction application,

Holley makes this

boost-compensating

adjustable fuel
pressure regulator
adjustment range is

from 20 to 75 psi, and

it will raise fuel

pressure 4 psi for each

psi of boost the
engine sees.

Making vour
engine suit the
supercharger

The manufacturer of your kit has done their homework to make their blower right for your car, but
it's your responsibility to see that your engine’s ready for the blower. At the relatively-low boost
levels of most kits, a standard engine in good condition should work fine. The supercharger should
not have any serious effect on the engine’s longevity, but of course that assumes your engine's in
perfect condition to start with, There's an extra load on the crankshaft to drive a mechanical blower,
and the boost is not going to be all that effective if your valves are leaky and piston rings really
waorn. Leaking valve guides or rings can let engine oil into the combustion chamber, and this is an
invitation to detonation under boost, even if everything else in your installation is done right.

Start your “boost-suitability-check” by giving the engine a
thorough service, then check the engine’s
compression and take vacuum readings. Both
these important diagnostic checks are
covered in the Haynes manual for
your car. Your car's most

If you need to have a stronger head
gasket to handle boost, this

GReddy metal-
reinforced piece is
what your need

- some are
available in a
thick version to
reduce static
compression so you
can apply more boost

In race applications with

lots of boost, you may need
an extra injector to provide
enough fuel - bosses like this GReddy can be
welded to an intake tube and accept stock or

aftermarket injectors




ul:ely computer-controlled, which means that the engine management system stores
diagnostic information in the form of fault codes. If you experience idling or driveability
problems that your service didn't fix, you may want to visit a good garage with the diagnostic
equipment extract any fault codes from your car (see Chapter 4 of this book to read more about
code readers and fault codes).

Check your Haynes manual to learn more about diagnesing faults on your fuel system, and perform all
basic maintenance, such as changing fuel filters and checking fuel pressure. In Chapter 7 of this book, you'll
find more information about aftermarket improvements to your fuel system that ensure a steady supply of
clean fuel so you aren’t going to “lean out” under boost.

By now you're aware of the effect of high temperatures on your engine, and adding a forced induction
system will tax your cooling system further than most other mods. You must make sure your radiator and
water pump are in perfect order. At the very least, you should have

the radiator professionally cleaned and tested at a radiator SPLIT
specialist. If you plan on running under boost a lot, or want to SECOND
upgrade to higher boost levels, you may need a larger

aftermarket radiator to keep temperatures under control AIC1

We have discussed earlier in this Chapter how big a role s
played by your existing static compression ratio, and how
switching to low-compression pistons (like 8:1) will help you make
better use of a supercharger by allowing more boost to be used.
Aftermarket steel head gaskets are available that are thicker-than-standard, to reduce the compression

ratio for power-adder applications. Even if you have a relatively low
compression ratio engine already, use of

s

Split Second makes several
types of programmable electronic
controls and software for modified
engines - this Additional Injector
Controller does just what the
name suggests - it can
control up to four extra
injectors and is usually
calibrated by forced-
induction kit installers.
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GM Performance Parts is there for the forced
induction needs of GM owners in the US,
with neatly-done kits like this even having
full 12-month warranties if fitted by an

approved dealer.

more than 8 psi of boost can compromise engine internals if you
learn to love the sensation of boost and are constantly on the
throttle. In such a case, you may want to switch pistons anyway,
fitting forged aftermarket pistons that can better take the stress.
After all, the first components to feel the bad effects of
detonation will be the tops of your pistons, and forged pistons
can take abuse longer than your cast standard pistons. Hopefully,
you won't experience detonation, but the forged pistons are
good insurance, When you get into double-digit boost, further
engine mods may be required.

Boost and detonation both put increased loads on pistons,
rods, bearings and crankshaft. For applications where you'll be
drag racing or running high boost on the road, you might
consider aftermarket internals such as improved connecting rods
and a high-strength crankshaft if one is available for your engine.
At least, if you're stripping the engine anyway, have a machine
shop go over the con-rods by Magnafluxing them for flaws,
smoothing the beams, shot-peening, restoring the rod bores,
balancing, and fitting them with aftermarket rod bolts.

As with turbocharging, if you're running high levels of boost,
you may want to give your cylinder head the treatment by fitting
stainless steel valves, a three-angle valve job, and even
machining the head for metal O-rings to better seal the cylinder
bores. Unless you're racing, you don't need to spend money on
porting and polishing the cylinder head. While we're talking
about the cylinder head, camshaft choice can make a difference
in your boosted engine. What works best for an “all-mator” (no
nitrous/turba/blower) engine isn't going to be productive for a
supercharged engine. Check with the manufacturer of the kit
you're fitting. to see what they recommend, cam-wise, Even if
you leave the standard cams in place, at least fit high-

- b

if your car’s of the German persuasion, Neuspeed has
this nicely-packaged blower kit for several Vee Dubs.

performance valve springs and lightweight retainers (Chapter 8).

The two most important engine modifications that can
complement your forced induction (other than a low-restriction
air intake, which we'll consider a given) are the exhaust and
ignition system. The supercharger is designed to pack more air
into the engine, and your standard exhaust system is going to
stifle all that from getting out of the engine. A good manifold
and cat-back exhaust will help reduce backpressure, allowing the
supercharger to do a better job,

The ignition system will be important because of the extra-
dense mixture that the plugs are trying to ignite, All that boost
pressure makes it harder for the spark to jump the plug gaps, so
an aftermarket coil and HT leads should be considered a
minimum investment here. Any of the good CD ignition boxes
will also be helpful (see Chapter 5 of this book).

If you've done your homework and picked a good kit, set your
engine up properly to take advantage of all the supercharger can
provide, installed a good boost gauge on your dash and loaded
your fuel tank with super, then buckle up your belts and get out
there and rock 'n’ rolll You will love the feeling of boost, and for
your first month of driving you'll be using it all the tirne, but you
may eventually settle down to where you only use the boost 5 to
10% of your driving time, and your fuel economy will come back
to something near standard. While a supercharger does have
some mechanical noise to it, it's more “stealthy” than a
turbocharger, without the sound effects from a dump valve or
wastegate. You can expect to gain anywhere from 50 to 100
horsepower with a blower, depending on the type of kit and
your application, but whatever the improvement, you can bet it
will outweigh quite a few other 5 to 10hp mods, and it can all
be fitted in a weekend!



Fitting a
supercharger

The staff at Comptech deal with precision work and

demanding customers all the time. They have a range of

intake and exhaust components for most Honda

applications, including the common-man models you and |

drive, but their greatest involvement has been with the

higher-end cars from Honda, like the NSX, the new $2000

and the Legend Coupes. The following is an installation on

the V6 Legend Coupe. Okay, so it's not.a car often seen in

the UK, but at least it’ll give you an idea what's involved in

a supercharger install. :

e I'I, .:,::Li' I""",,'I_;I. i dl’ _'i”"_" " .; it thiv e I ik The first order of business (after
e Lt e, A : “ : disconnect the battery negative

iy ; 2 VR Ay TR f.Exacl y : lead) is to relocate the power

steering pump’s fluid reservoir with a new

bracket supplied in the kit - the drive end
mMode! of the supercharger system has to squeeze

it home in at this end of the engine - also relieve

the fuel system pressure (follow your
Haynes manual).

Once you have the extra air
When the alternator is refitted, the upper coming into an engine that a

The alternator is unbolted, and the alternator pulley bracket is replaced by this billet mount forced induction system can
swapped for a pulley with new grooved section that will secure one end of the supply, manifolds are
to power the blower - you can remove/frefit a supercharger drive - the wiring highly recommended
pulley with two spanners, but an impact gun harness has to be relocated slightly to allow the engine to
makes the job way easier, where it runs by the alternator. exhale better as well,
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Drain the cooling system -

clearance is tight between the

engine and the radiator, but

that's where the blower will

live, so a new radiator hose is

supplied (fitted here) that has
a tighter radius on the
upper bend. It's all
about making room
for the new kit.

L4y

Comptech calls their

induction kit the

“Icebox”, and this V6
Icebox is included with each
supercharger package.

The fan shroud on the left
(standard one on the right)
has been modified (it's an
exchange item) to give
clearance to the new radiator
hose (notice the cut-down
area at the front
here) - two ribs are
removed also.

After the standard air

cleaner box and hose

is removed from the
engine compartment, the
lower pipe of the lcebox is
worked through this opening
in the left inner wing - the
radiused entry to the pipe is
good for airflow, but hard to
angle in here (this will be
clamped from below once the
airbox is mounted).

In addition to the shroud

modification, the fan motor is

moved to the radiator side of

the shroud, and mounted

using these spacers between

the motor and the shroud,
effectively giving more
clearance from the fan
to the blower and new
radiator hose.

The two-piece air filter

box is bolted down

into the inner wing,
after unclipping and
relocating one wire loom -
note the room for the blower
provided by the smaller
battery, lower-mounted
battery box and smaller
coolant overflow bottle.

The standard battery and
battery tray (big ones at the
left) are taken out and
replaced with a new battery
tray, new “slenderised”
coolant overflow bottle and
more compact 51R battery.
Big kid's toys are just
like little kid's toys . . .
the battery isn‘t
included!

After removing the

standard EGR valve

(where studs are
located here), remove the
two bolts and the rear
camshaft cover at the back of
the front cylinder head - this
is where the blower
mounting will go.



The aluminum blower
mounting is fitted with an
O-ring and pushed into the
camshaft hole (provided for
camshaft removal). Lube the

The blower mount is bolted to

the cam cover holes, and the
EGR valve is refitted with a
new gasket - for further
blower support, a third bolt is
threaded into the cylinder
head, but because of the

casting variations in the heads,

a threaded collar is adjusted

There are two throttie bodies
on automatic cars - here the

This cast-aluminum elbow will
take the place of the main
throttle body (at right) - mark
and disconnect all the hoses
and electrical connectors at
the throttle body, then mount
this block-off plate with
O-ring to the original MAP
sensor locationon the throttle
body - the MAP sensor is
relocated to top of this cast-

O-ring with clean oil and work
the mounting into the
hole slowly so the
O-ring isn't pinched.

to take up space between the
bracket and the head
before the bolt is
tightened.

aluminum elbow which will
take the place of the
throttle body at the
intake manifold.

I H
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first TB (for the
traction-control
system) is unbolted
and set aside.

AJ-
-
/.
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At the belt-drive end,

the air conditioning

hose is moved until it
fits between the mounting
bracket and the pulley - fit the
two bolts through the
mounting and into the
alternator bracket, but don’t
tighten them yet.

Tim carefully lowers the package into place onto the two
mountings at the engine, making sure there's no
interference with wiring harnesses or coolant hoses.

The supercharger

package comes

assembled as you see it
here, with the Eaton blower,
the drive and the cast intake
and outlet housings in place.
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The lower four bolts

where the drive meets

the blower are
removed (do NOT loosen the
top bolts, or the blower's
internal oil reservoir could
leak) - when the longer
Allen bolts are inserted
through the mounting on
the engine to the blower and
started, you can tighten the
pulley-end mounting bolts to
spec, then tighten the four
Allen bolts at this end.

The fuel pressure regulator
mounts to the edge of the
cowl (you work through a
hole in the cowl once a small
access panel is removed) and is
plumbed according to the
instructions - it's specifically
sized for this application with
a large diaphragm to
respond better than
the small standard
regulator.

Before mounting the

rest of the intake

system components, a
brace is mounted from the
supercharger body to the
gearbox - note that the studs
from the top of the throttle
body mount at the intake
manifold were removed (use
double-nuts to remove) and
fitted at the blower intake
flange, along with a new
gasket.

Hoses that were

attached to the throttle

body in its standard
location are replaced with
longer hoses (mark the end
locations before removing the
standard hoses, so there's no
mix-up) and several wire groups
that went to the throttle body
sensors (idle air control, MAP,
throttle position sensor) must
be separated from the
corrugated plastic looms, and
run to the new locations. Any
unprotected wires should be
covered with loom material or
electrical tape.

The standard fuel pressure regulator (FPR)

is replaced with an AN fitting whose
braided lines goes to the “IN" fitting on
the new regulator, and a new vacuum
hose runs from the intake manifold to the
FPR - the other fuel side of the
FPR connects with a hose to the
standard steel fuel return line.

Slide the silicone
hose and clamps
over the intake

elbow, bolt the elbow to
the intake manifold with a
new gasket, then centre
the hose over the joint and
tighten the hose clamps.

The main throttle body is rotated until the cables

are up and there are no kinks, then it's bolted to the

intake elbow of the blower, and the coolant hose
and IAC and TPS connectors are hooked up.
This elbow being clamped in place is to
mount the other throttle body for the
traction-control system,




The bottom of the
elbow (shown here

with traction-control
throttle body attached) has
two fittings for vapour lines,
one from the valve cover and
one to the air-assist valve for
emissions - it’s easier to attach
the hoses here before
mounting the elbow or
throttle body - they hook up
just as they did before, but
here with longer hoses.

Here both throttle

bodies are fitted and

all linkages, hoses and
wires connected

The last step before the car goes back to an anxious owner is a

thorough check of everything on the rolling road - a calibration

of the electronic signal modifier between the ECU and the MAP

sensor and the V6 was running factory-smooth, but with extra
horsepower to use - the test car made 40 more bhp, but
they're looking to greatly improve that with a piggyback
fuel/spark controller.

Remove the top from

the air filter housing,

and mount the new air
filter and its rubber elbow in
place, clamping the elbow to
the traction-control throttle
body, then refit the airbox
cover.

Just for comparison to our

subject car, here's the intake

end of the package on a six-
speed manual car,
where there’s only one

throttle body.

At the belt end of the

installation, you can

see how the new belt
goes around the blower drive
and the alternator pulley,
while the supplied tensioner
keeps it tight - you can also
see here how the air-con line
is routed and why the steering
pump reservoir had to be
relocated.

This is an overall view of the
six-speed installation - in both
manual and automatic
applications, there’s some
minor trimming of the plastic
engine covers where they
meet the blower and drive -
the six-speed cars gain
up to 70 bhp with the
Comptech conversion.
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It’s not all about the sound.
You can gain some horsepower too!

Whether you're a real performance nut or just content to pose and profile, you car's sound is st
important. Lucky for us a good performance exhaust system can satisfy both needs. When you put
together the right package of exhaust components that allow your engine to really breathe, the car’s
going to sound as good as it performs. It bears repeating here that the exhaust system is one of the few
aspects of the car you can modify that gives you the performance you want without any of the drawbacks
or compromises that usually come with engine mods. Exhaust work should have no effect on your idling
or smooth driveability, and your fuel economy will actually go up, not down! The cool sound is a bonus
{oo

Production car exhaust system designers are saddled with a bucketioad of considerations, such as
emissions testing, vehicle floorpan configuration, bean-counting accountants who want the least
expensive part that does the job, and achieving sound levels down to that suitable for the average library
Unfortunately, none of these restrictions contribute to the production of a highly-effective performance
exhaust but, luckily for us, the aftermarket has been filling that void almost since the car was invented



Backpressure
and flow

Even a standard engine that operates mostly at lower speeds has to get rid of the
byproducts of combustion. If it takes fuel and air in, it has to expel those gases after the
reciprocating components have turned the cylinder pressures into work. The exhaust
system needs to allow swift exit of those gases, and any delay or obstruction to that flow
can cause engine efficiency to suffer. If there is an exhaust flow problem somewhere in
the system, the pressure waves coming out with the gases can "back up”, which can
cause the cylinders to work harder to complete their four-stroke cycle. In exhaust terms,
this is called backpressure, and getting rid of it is the chief aim of performance exhaust
system designers. An old prank kids used to pull was to take a raw potato and stick it
nto the end of a car’s exhaust pipe. While the kids watched, the owner would start the
car and it might run for a second or two, but then quit and not start again. A silly thing,
but it demonstrates the important role played by the exhaust.

Almost every type of system has some backpressure. Even a straight length of
open pipe adds some frictional delay to the flow. The biggest compromise
to having the least backpressure is the muffling of the sound.

J

The two main sections
of the performance exhaust
system are the tubular
manifold that lets the exhaust
out freely and may even ﬂ
l

draw it out . .. 4

.. and the remainder of the exhaust "

system, including the back box and exhaust
pipe(s) - even the catalytic converter you
choose can be a performance factor.
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Any road car is going to have some kind of exhaust
system that quiets down the engine to an acceptable
level. Almost anything you can do to muffle the sound
of an exhaust system will create some backpressure, so
the trick of performance tuning the exhaust is to have
the best compromise. For instance, there may be
dozens of silencer designs that will reduce sound to the
desired level in any one application, but the trick is
finding the design that accomplishes this with the least
backpressure. If a potato created maximum back-
pressure and caused the engine to quit, what would be
the effect of say, half a potato? The engine would run,
but its efficiency would be drastically reduced,
especially as engine speed went up. A sharp old
mechanic we used to know would check many things
on the car when a customer came in with a complaint
of a sudden power loss when accelerating or on the
motorway. He always checked the full length of the
exhaust system on a hoist, because he knew from
experience that a kink or crush in the exhaust pipe from
road debris or driving over a kerb could cause this
sluggishness on an otherwise perfectly-tuned engine.

It seems that if you improved components to the
point where you had no restriction at all, you could do
no more for the exhaust, but there's another element
of gas flow dynamics we haven't talked
about. It's possible for an exhaust to perhaps
flow better than a straight piece of pipe, or
at least to make more horsepower. Why does
an aftermarket induction kit make more
power than just having the throttle body
open to the air with no filter or entry pipe?
Part of it's due to cooler air coming in, but
also because the long shiny intake pipe
helps build an intake momentum, what
used to be called a “ram” effect. Instead of £
letting air come in, the intake pipe helps
the air come in better.

The same type of improved flow is what
aftermarket exhaust engineers have been focused
on for decades. There are many theories and lots of
experiments have been tried, but one thing we know
for sure, the right parts can almost suck the exhaust
out of the engine. In other words, instead of releasing
the gases, the right system can draw them out. On a
multi-cylinder engine, a combination of the right size
and shape of pipes, connected in the right order, can
take advantage of the engine’s timing of its exhaust
pulses. Let's say your engine’s firing order is 1-3-4-2, If
you arranged the manifold pipes in a way that the pipe
carrying the exhaust pulse from cylinder one was
meeting the pipe from cylinder four at the right time, it
could conceivably create a slight negative pressure that
helped the pulse from cylinder four come out faster. If
you follow the idea, its possible for a manifold to be
designed where each cylinder’s exhaust pulse helped
the next one, in a process called cylinder “scavenging”.

Manifolds

The first major component of your performance exhaust
system is the manifold, a tubular replacement for your
standard cast-iron exhaust manifold. In most modern cars, the
original manifold isn’t too bad, at least for the needs of your
standard economy engine. The exhaust flow needs of an
engine go up exponentially with the state of performance
“tune”. The flow and backpressure needs of a standard
engine aren’t excessive, especially when the engine spends the
bulk of its driving life under 4000 rpm. But what happens
when you modify the engine and then take advantage of
those modifications by using the high end of the rpm scale?
The exhaust system that was once adequate is now restrictive
to a great degree

How much power you make with just the manifold depends
on several factors. On a car with a really restrictive standard
exhaust system, particularly an exhaust manifold full of tight
bends and twists, the manifold will make a bigger
improvement than on a car with a decent system to start with
What's behind the manifold can make a big difference as well
If the standard exhaust system
includes restrictive converter and
silencer box designs, small-
diameter exhaust pipes and lots of
“wrinkle bends” to boot, the
manifold isn’t going to have much
chance of making a big
improvement in performance. A
good manifold on a typical
engine with few other
modifications can be expected
to make only 3-5 horsepower,
depending on how good or bad

the standard manifold had been
That's with a standard exhaust
system from the manifold back
That sounds disappointing, but if we
take a case where the engine has numerous
modifications yet still has a standard exhaust

manifold, the same aftermarket manifold could
gain 10 horsepower. Any of the big "power-
adder” modifications, including nitrous oxide and

supercharging virtually “require” a manifold and
free-flowing exhaust system to take advantage of their
power potential

Manifold design is an inexact science, most of what
we know is through trial and error, but basically the
idea is to have the right size and length pipes, and
arrange them so each pipe complements the others
in terms of timing.
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One of the popular manifold designs is the 4-2-1, or “four-
branch”, in which four pipes merge into two pipes which travel
back and finally merge into the one collector pipe

Fitting a performance manifold is quite easy arket When shopping for a manifold, look for clean
ifolds are made to use all the factory mounting points and complete welds and thick, flat flange plates
sces. In fact. beware of one that doesn't. because the manifold for a good seal - note the pairing of cylinders
ay sound “tinny” when fitted if the proper braces aren't 1 and 4 and 2 and 3 in the four-tube section.

nected. Make sure betore buying a manitold that you give your

xact year, model and engine. On cat models, the location of the
xygen sensor varies, too - that's it you're keeping the cat

Other factors to consider when manifold shopping would be
king for thick flanges that aren’t going to warp and leak, and
ck-walled tubing that won't rot out (and sounds better than thin

bes). Ground clearance Is another issue

This four-to-one racing manifold design keeps all four pipes long,
for good torque - a four-to-one design may provide less ground
clearance for road use than a 4-2-1 - note that this racer has
wrapped all the pipes to keep heat in.
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If your ride is standard height and going to stay that way, any
manifold design is going to work for you, but on a seriously
lowered car, you may want to stick with a 4-2-1 manifold,
because the two pipes under the car are side-by-side and take
up less room under there than the four tubes on a 4-1 manifold

Manifold finish is a consideration. There are usually a few
choices, even within one brand of manifold. The least expensive
finish would be plain steel, which you would paint yourself with
spray cans of manifold paint (lots of colours available). Next
would be factory-painted manifolds, followed by high-temp-
coated manifolds and manifolds made of stainless-steel. The
high-temp coatings and stainless pipes are the longest lasting,
and the polished stainless pipes are arguably the coolest looking.
Some manitolds are also available in chrome-plated steel, which

IS pretty trick, too
rl. n
i y

In a race-only application, there's room to
build an exhaust without compromises -
most designs use larger tubes because
they're only concerned with high-rpm
operation, and equal-length pipes and
collector length are also important when the
header is all there is to the exhaust system.

b

&

Some manifolds have unusual
requirements to satisfy in the application
- this Focus manifold has to work with Racing improves the breed they say — Shad Huntley of Comptech poses with his
the existing cat location and flange, so to company’s stainless-steel four-cylinder Honda header and a pair for a V6 engine.
get some primary-tube length, the tubes

have to curve around like this.

ACAV AV AV AV AV 4V |

Some sports
hatches
models have
tubular
performance
manifolds as
factory
equipment
(left) .. . . compared to a typical aftermarket 4-2-1 manifold like this.
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This 4-2-1 has gone a little further in trying to get all four Keeping the heat in the manifolds makes the exhaust
mary pipes to be of equal length - the outside pipes have to flow faster, which is what we want - this high-

be longer, so the inside pipes snake around just a little before temperature insulating “wrap” may not look exciting,

joining the others, but it could help you a little on exhaust scavenging.

All about
exhaust flow

BETTER - A second type of bend, the
"crush” bend, is normally seen on pipes
S— bent on hydraulic benders - it's smoother
STANDARD - “Wrinkle bends® often seen in OEM inside than a wrinkle bend, but not ideal
Note how the section at the bend is a
smaller diameter

and mass-produced aftermarket pipes will give some
restriction as the exhaust exits

. m ! ,v".;. -
0 e + 41
L > BEST - Good aftermarket

performance exhausts have
less bends than standard,
and where there have to be
bends, "mandrel” bends are
used that are smooth and as
consistent in diameter as the
straight sections of pipe




Standard silencers often
have an indirect route
for the exhaust,
through a “maze”
that scrubs off
some of the harsh
tones (as well
as some of

your

A classic performance silencer/back box is a
straight-through design, in which there’s a
perforated core surrounded by fibreglass sound-
. dampening material. This is the classic ‘cherry-
bomb’ design.

Depending on the level of
modifications, the exhaust pipe
in the cat-back system should be
sized for the engine capacity and state-
of-tune - this system features two-inch

c o nve rte r pipes, which should be good for road-use.
and bevyond

Once the exhaust gases leave your efficient new manifold, they travel a long way to get out from under
your car, and our goal is to make it more of a motorway than a labyrinth. First off, there's the catalytic
converter, usually bolted right there to the downpipe. For most of us, this is not an optional component
because we have to have it. That's fine, because the converter does do a great job of cleaning up engine
emissions, and the designs of current converters are more free-flowing for legal road use than the older ones
so the converter isn't something to whine about too much. If you have to replace yours due to its age, by all
means shop around and try to find as free-flowing a replacement cat as you can. There are a number of
"performance” cats on the market that have a stainless-steel shell, which is long-lasting and looks good. If
your engine 1s going to eventually get forced-induction, you might even think about using a slightly larger
cat, or at least one with larger inlet and outlet pipes than your original

if your standard converter is going to stay for the time being, at least have it checked out to make sure it
isn't clogged. A clogged converter can choke your engine down like the half-a-potato we talked about earlier
The biggest causes of a clogged catalytic converter is using non-approved fuels or additives, or a worn engine
whose rings allow too much oil in the exhaust (you'll be able to tell because people driving behind you wil
always be coughing)

Polished stainless-
steel exhaust parts
will probably last
the lifetime of the
vehicle, besides
looking the nuts -
you can’t go
wrong.
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rusted exhaust
bolts and nuts

ents can
\ selt (and vour knuckles)
penetrating oil you ). Spray it on al
and 1t be use a lot of

d long time

eaker bar to gain some extra leverage. In
r hangef ) it things go snap, Iits

acement eners anw

ol r studs on the engine,

st of the aftermarket exhaust systems on the . L > , \dl penetrating o

irket are called “cat-back”, becau

verything from the converter back

me in several pieces (see our how-10 pr

one) to simph packaqing, shipg
but it should boit nght up to the back

your col

verter and include whateve

ncer(s) are needed. Many of the

clude the back box, which is a
ery visible, especially when it's a really t
unted r!.':;hr_ at the rear bumper. It y T

s out there don’t offer the kind of back

tion you're after, choose a system minus a box
idd whatever kind you want o

hanging the exhaust of you

< ' If the fasteners are rusty, get out the penetrating oil and give
erformance system (s one of the moaifications wit them a good soak first. Hopefully, once the clamp nuts are
ore perks than almost any other. You get reased L rvw-vd_. the clamp can be persuaded off, and the joint itself
: he sound that will separate - removing a section like this isn't as bad as a
iNd parts t *sleeved” joint, like you get on the back box

nake your ride look better, too. All that, and there's
-’t..'d! gownside or sacrifice as with most engine

nods!

Hold the bolt h th one
spanner, and loosen the nuts with

another. If the bolts break, that's | TR .""-
y. If the nuts rusted _

After unscrewing the

If you have lowered your car quite a bit, you might away to nothing, you're in :
consider using a system with an oval-shaped muffler trouble - locking pliers or a nut manifold nuts, inspect the
rather than round - the oval muffler and oval tip splitter will be need
doesn’t hang down as low as a large round muffler,
giving you some additional ground clearance at this
critical spot.

i studs - if they're really rusty

or damaged, replace them
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Use a long ratchet and six-point
socket to loosen the nuts/bolts at
the rear of the catalytic converter.

 Cat-back
installation

This Honda has another bolted
joint at the rear of the system,

just ahead of the rear
suspension - take
these fasteners off.

For the performance enthusiast, the exhaust system consists of two
main ingredients: the exhaust manifold and cat, and everything
else. The latter makes up much of the system, and on today’s cars
with emission controls, we call them “cat-back” exhausts because
we have to keep the catalytic converter to pass emissions tests. The
modern catalytic converter poses less of a restriction than older
ones; just make sure yours is not clogged up before you add high-
performance exhaust components, or you won't get the gains you
expect.

The installation of a quality-built cat-back system like this one
isn‘t difficult, and while the use of someone’s hoist would be great,
it can be done with the car on axle stands if you need to. Just
follow common sense with the jack and four sturdy axle stands.
New performance and the sound to go with it can be yours in one
to two hours!

Use a crowbar to get the rubber

exhaust hanger “doughnuts” off

the body mounts - be gentle There's also a doughnut near
because these are going the rear system joint,

to be re-used (if they're and another holding
in good shape). D up the silencer.




Clean the exhaust D
doughnuts of grime,

then refit them on the
car - any broken ones must be
replaced.

The exhaust came with stainless-

steel fasteners, so stainless nuts

were put on at the cat, with a
little anti-seize on the

| threads, so they'll come
off easier if needed in
the future.

Clean the threads on the studs at
the converter flange,
then put the new gasket
in place.

08

Here laid out on the floor, you can see how the shiny
new stainless-steel system compares to the standard
| exhaust (upper in photo) just removed - it fits just the

same but is much more free-flowing.

l D? i Before putting the
‘ new components
~———— on the car, apply a
little white grease to the

holes where the exhaust
hangers have to squeeze in.

The rear section of the exhaust includes the large rear section

— and back box - hang this section on the rubber

].I | doughnuts at the front and rear - this holds the pipes )
s0 you can bolt them up.
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The system is in three
pieces and we have
the front and rear

lE When you bolt up the
rear of the middle
section with a new

hanging there, 50 now gasket and bolts, the whole
position the middle pipe to system starts to line up and
the back of the front become more solid - tighten
section, using the new the bolts at both ends of the
gasket, and start the nuts in middle section now.

place by hand - you still
have to support the rear of
this piece while doing the
front, so you may want a
helper.

A little tip
The back box has a "coffee-

fD r i y our can” size tip, but it comes
stainless with this bolt-in insert - this

system has a great sound,
Stee' not raspy, but with the

insert bolted in (one
1'3 bolt) it becomes more
civilised.

Go over all that polished
th alcohol,
any fingerprints or

)u may have

without cleaning it fi
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Manifold
fitting

For comparison, you can see the restrictive standard
manifold (left) and the new 4-1 manifold - the new
manifold is much lighter and maintains good exhaust
velocity all the way.

Almost everyone with a modified motor has at least two
modifications: a long shiny intake pipe with an aftermarket
air filter, and an exhaust manifold. When people see your
engine compartment, they expect at least that, but a good
exhaust system is important for more than just cool looks
The right manifold for the application, a good cat-back
systern and a few tuning tweaks at the dyno and you have
the feel and sound of performance along with the looks



Start with a car that has cooled down - spray the bolts with
penetrating oil, let them sit, then remove the bolts securing
the factory heat shield over the exhaust manifold.

| —

Soak all of the exhaust manifold retaining nuts with
penetrating oil, then remove them.

Depending on the application,
the oxygen sensor may be in the
manifold, the collector or the
catalytic converter - if it's in the

, way, disconnect the Remove the
U electrical connector and DLl converter flange
remove the sensor. nuts/bolts.

~—Ap-. .
>

4

\'. .

‘.‘."Lﬁi

Remove the remaining bolts and
o brackets securing the
U 5 forward pipe and
manifold.

Slowly work the exhaust down
and out of the car (take care
not to damage the radiator in
the process). On some cars, the

front crossmember
may have to be
removed.

&

159



o

L 'S |
= |
- ’., ’ ‘. - / L . - : g A

2t [ PR : - e || 0
Remove the hard Attach the fasteners,
gasket ring and fit it

With the old crossmember removed, there’s plenty of
room to install the new high-temp-coated manifold. but leave them loose
on the end of the new at this time,
manifold.

If your application uses a
manifold gasket, fit a new one

and bolt the manifold
to the cylinder head Tighten the bolts at the manifold collector-to-converter
flange and the manifold is completely installed. Don’t

]lD with all of the original | ]‘l
nuts. . forget to reinstall the oxygen sensor!

- -
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= e
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WHAT IF . ..

flanges don’t
line up?

].IE | Such is the power of Honda that sev

companies make special crossmembers f
———— sports manifolds - compare the ¢
high-strength steel tubing crossmember and
anodised radius rods to the ugly standard
crossmember,

One problem you may encounter,
especially with engine swaps or
when parts had been previously
replaced, is that the "clocking” or
arrangement of the flange bolts

The tubular crossmember bolts into the Honda to the may be different

same bolt holes where the original towing bracket d i | | We just removed the cat, cut the
used to hang down. The new radius rods bolt to the # | front flange off with a bandsaw,
crossmember and lower control arms with spherical TR put the cat back onto the car and
joints at each end, and its length can be adjusted by moved the flange (now free to
holding the knurled center, threading one of the joints rotate) in front where it would

1 in or out, then tightening the large locknuts - A " line up with the manifold flange
]‘3 | the final adjustment should be made at a ' ;

: A te or tw h the MIG-
| garage (it affects the front wheel alignment) TSI OF TG W e G

welder and both the manifold and
cat flanges align perfectly
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durability

Why is there always money
waiting for go-faster
parts, but none for keep-
alive longer parts? That
big ol’ tow truck could

. be right around the

2 corner waiting for you.

Most engine damage comes about from detonation
during the tuner's "learning curve” - here are the
results, a piece of block, half a mangled connecting rod,
and a piston with a valve-head embedded. No, it's not some art
student’s project - this really is what the engine internals will look
like if it all goes Pete.



Once you put on the
slicks and head for
action at the track,
that's when any
potential weakness is
exposed, even on a
combination that has
worked fine on the
street,

Ny engine not

tressed beyond their design lim

High-horsepower engine:

Ttakeston

edlly increase C

ind turbocharging

.

i3



Like a chain, the engine is only
strong as its weakest link, and once
have a stout piston that can take s
punishment, the stress IS going tc
on the con-rod and its fasteners

Aftermarket con-rods are
popular with racers, and a wide var
are available. The basic pro
making a “forged” connecting
goes like this: A red-hot chunk of n
is put into a machine that has dies
slam together to force it
something that resembles the des
finished part. These “blanks” are
machined and treated to produce
final product. The benefit of
forging process is that grains of
metal are packed together and alig
into the desired shape, making 2
strong, dense part that has
inherent tendency to fracture.




Connecting rods
and aftermarket
crankshafts

Aftermarket rods are available in a number of types of steel, and in various cross-
sectional shapes. Many have names that describe the shape, like the H-beam, A-beam,
I-beamn, etc. While all of the manufacturers have their own features, they will all offer
superior strength to any standard or race-prepped standard rod. They come with high-
strength fasteners, are precision balanced, and in addition to being strong, are often
lighter than the original standard rods!

There are a few companies making forged cranks for other modern engines. They are
much stronger than a standard cast (standard crankshafts on Hondas are forged)
crankshaft, and for racing use can even be made lighter than a standard crank, so the
engine revs up quicker and has less reciprocating loads

15



On Honda blocks the cylinders sit
in the middle of the water jacket
area, without connection to the
deck - when your cylinder
pressures are distorting them, you
may want to try a block-guard
like this one - it taps in between
the top of the cylinders and the
block, and has holes for water
passage connection,

The block

ave a lighty ght block design

xtra material where it isn't needed. Basic high-

ed tor ethicienc)

performance machining techniques will assure you of a
bottom-end that will stay together in all but extreme
conditions. Among the blueprinting procedures that are
useful is precisely "decking” the top surf

that it is flat and perfectly square to the crankshaft centreline

ace of the block so

Align-boring the crankshaft saddles assure

crankshaft will run true with minimal friction

achieve an exact fit of bearings
If you're putting in new pistons, then you re putting in new
rings and the d for

surface the new rin n seat against and “wear ir

vliinder walls need to be h

If your cylinder walls have any scores

For those eight and seven-second Honda-powered
ceraterhe i ken et 5 n then vou' .
scratches from a broken piston ring, then you racecars, the ultimate solution to block problems

have to bore the engine first to get rid of that and could be this new block from Dart with a
“conventional” deck, available in two
bore sizes and complete with main caps

and replaceable ductile-iron sleeves.

order oversize pistons

GM (Vauxhall/Opel) Ecotec racers
J/@P) also have a race block available,
‘ a__‘.‘ Part#88958630, which is this steel-
'\ liner'ed aluminum block
g | machined for stainless O-rings to
- . contain serious boost.

kb



Regular maintenance
could be vour most
important job

ng 20 psi of boost or a 200hp shot of nitrous, but

Multi-valve engines

Double-overhead-camshaft
engines
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Cooling and
Lubrication

the heat

snerated

The power in fuel vhen you light it, and a performance engine

going to make more heat. Worse yet, a turbocharger jammed Detween the engine
and the radiator can really raise the underbonnet temperature

S, Usudlly in a s

1 pipes. In stéd

aqay

ou don't want to

lant through a contai

The answer, for cars with or without a factory oil cooler, may be to mount

a radiator-type liq

3ir cooler out in the car's airstream, although hopefully

where it doesn e coolant radiator for airflow. The extra

plumbing and the n of the cooler to the system also increases the oil
capacity

the engine

The Honda engine has
a great lubrication
system, but under hard
racing conditions the
gears have been know
to fail (above) -
ProDrive makes these
billet gears good for
extreme use.

This oil cooler kit, when mounted in the right place to get cool
outside air, can keep engine temps down, even on a turbo
application where engine oil must pass through “lubricant hell”
to get back to the sump.

l1k8
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Aftermarket cooling fans keep the air moving faster than a standard fan,
and the aftermarket fan/shroud packages are generally slimmer - this is an
FAL (Flexalite) setup for a Civic.

A small radiator is light and handles normal loads, but
doesn‘t have a lot of coolant capacity and is usually a
one-row style

The radiator in most small

cars i1s, wel

aftermarket companies have a

small. Luckily, the

wide variety of radiators with
Even in
the conventional-construction
category,

specialist can supply you with a

extra cooling capacity

your local radiator

rachator just like your standard

one, but with extra rows of
tubes in it. Yours may be a one
rw now, and you can replace it
with a two-row for peace of

mind

Compare this
Honda with the
previous photo -
this tuner has
added an
aluminum
radiator - it's
roughly the same
size as the
original but cools
better - you can
even get racing
radiators that
incorporate an
electric water
pump, which
saves engine
horsepower.

Aftermarket aluminum
radiators are rugged and
available in sizes to fit
almost any car.
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When done with patience anc
care, the swap will not only
give you better performance
but also a great new look

swappi

Sometimes it just makes sense
to make a change

170



How tough will
the job be?

Do your research!

In a typical swap, you'll need to change the engine compartment

component mounting brackets. In some cases you may also need to

change the gearbox (or linkage), driveshafts, clutch, radiator and front
springs (to alow for a heavier engine). Every swap is a little different, so
it's important to study up before you get the spanners out.

In all probability, you‘re not the first person to try the swap you're
planning. And why make the same mistakes the others made? Go to
car shows and events. Find a car club. Go on the Internet. Basically,
locate people who have already done the swap you're thinking about,
and pick their brains . . . see their car . . . find out what worked and

what didn't.

Now let's say you want to add a
manifold, cat-back exhaust system
and induction kit. On the 1.5 litre
engine, these mods might have
netted you 20 extra horsepower.
The same mods on the 2.2 litre
engine would likely get you closer
to 30 extra brake, or about 50 %
more. This is the simple, yet
powerful argument for extra cc’s

Another reason for engine
swapping is to obtain the latest
technology and tuning potential
For example, swapping your tired
Single OverHead Cam (SOHC)
engine for a later-model Double
OverHead Cam (DOHC) engine will
get you some extra power, even
though the engine capacity may be
the same. The additional benefit is
that the DOHC engine will respond
better to tuning, since the cylinder
head design is less restrictive and
will allow better airflow when
other modifications are made. And
don't forget about other
interesting standard later-model
features, like turbos!

Engine

ST

I —:;' ‘}_f

mbers
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Keep it legal -
engine swaps and insurance

Insurance companies are just out to spoil your fun, basically, aren’t
they? All you want to do is modify your motor for maximum stand-
out appeal, style and performance, and there they are, holding you
back.

Trouble is, you do an engine swap and don't tell them, and they
won't pay out if you stack it. Which gets to be rather inconvenient
if you end up hurting anyone other than you, thanks to all those
personal injury claims specialists which seem to have sprung from
the American culture of suing people. If your insurance company
finds out your humble 1.2 litre Nova's actually a fire-breathing
2.0 litre monster, they'll void your insurance, This might firstly be of
interest to the police, of course. Driving without insurance s an
offence, after all. But the real stinger is all those thousands of
pounds you'll be paying any other accident victims when they claim
off you, That's thousands. And you'll be paying. Because your
insurance company won't. Think about it

Okay, you're convinced - what's the secret to keeping your
insurance company happy? The secret is having no secrets, and
telling them everything. In the case of a new engine, they'll
probably want an engineer’s report on the car. These can be
arranged through any garage doing vehicle inspections - look in the
Yellow Pages. Don't put your car in for one until all the work’s been
done, and not just on the engine. A vehicle inspector’s looking to
see not just that the engine’s been put in properly (not likely to fall
out, rip away from its mountings, or spring fuel, oil and coolant
leaks) - he's looking for appropriately-modified brakes, suspension,
wheels and tyres. He has to approve your re-engined car to be safe
to handle its new level of power, essentially. Which means no
bodges. So a bit like the MoT test then - a bit of a pain, but good
for safety and peace of mind.




Who will do it?

Probably the most important question is who will actually do the work. Usually, the safest option is to
have a tuning specialist that specialises in your type of car do the work for you. Often, this is the most
costly option. But the advantage is that the work will be warrantied and done by people who are familiar
with all the special considerations for your vehicle. If you also buy the engine from them, you may get a
warranty on the engine, as well. So if anything goes wrong, there won't be any finger-pointing.

If you want to save some money, buy the engine separately and take it to a garage to have it fitted.
Many people choose this option and save the mark-up that a specialist is likely to add onto the engine
price. But remember - you can't blame the garage if you purchase a bad engine. So if you're not sure of
the quality of the engine, it's usually best 1o let an expert select the engine for you.

If you're a hands-on person whao's pretty handy with tools, you may be able to handle the job yourself,
with the guidance of someone who's done it before. The advantages to doing the job yourself are:

1) You'll save money.

2) You'll know exactly what was done, so, if you have repair issues later, you'll be able to

knowledgeably explain to the technician what was done.

3) You can do the job the way you want to do it. There's a bit of art to this, as well, and since a pro
will be doing the job quickly, they may not pay attention to the details the way you would. You
may want to take some extra time to add artistic flair to your wiring, or paint your engine
differently. When you do it yourself, you can take the extra time.
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A reconditioned or
remanufactured
engine provides your
best assurance of
quality - most have a
warranty, too.

Finding vour engine

Remanufactured
engines

Your best chance of getting a quality engine is to purchase it
remanufactured (reconditioned) from an engine rebuilder. As
you may have guessed, this is the most expensive option. But
getting a warranty and being assured that the internals of the
engine are “like-new" is usually worth the extra cost. Another
advantage of a recon engine is that you can sometimes specify
upgrades for internal parts. For example, if you'll be putting
nitrous oxide to the engine, you should pay extra for forged
pistons and high-strength connecting rod baolts.

Used engines

Used engines provide a more cost-effective option if you're on
a budget. Since you probably won't be looking inside the
engine, it will be difficult to know its condition, The best
indicator of quality is the reputation of the seller. Find other
people who are happy with their replacement engines and find

out where they got theirs. Again, try to find a reputable seller
who will provide a warranty on the engine. We've seen quite a
few people who were told they were getting a good engine,
but, when the engine was actually fitted, they found it was in
poor mechanical condition. Don't be caught like this without a
warranty! The best answer, of course, is to hear it running.

Engine retailers

As mentioned earlier, if you're not sure how to check the
quality of a used engine, it's best to let the garage who's doing
the work select the engine for you. The next best approach is
to locate a source that warranties the engines they sell. There
are many sources for used engines, especially in larger cities -
check in Exchange & Mart. If you're not lucky enough to have
inexpensive used engines close by, check the Internet. Often,
you can find prices so low they're still a bargain, even after
adding the postage cost. But be sure you're dealing with a
reputable company that will warranty the engine,

Used engines are a more
economical solution.
Secondhand engines are
available from many
sources and often have
very low mileage. Check
low-mileage engines for
signs of accident
damage
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Top tips for scouring
the scrapyard
Check it out!

Checking out an engine at a scrapyard can be difficult, since
you’'re working in relatively primitive conditions. But if you know
what to look for, you can do a pretty good job:

« If the engine is still fitted in a vehicle, check the mileage.

+ Aside from obvious body damage, look at the overall
condition of the car. Chances are, the owner who polished
the paint and vacuumed the carpets also changed the engine
oil and replaced worn engine parts.

» Remove the oil cap and check for a “mayonnaise” look under
the cap and in the oil itself. This is evidence that the cylinder
head" is cracked or the head gasket has blown - look for
another engine if you see this. Also check the dipstick for the
same evidence. Remember, cars end up in scrapyards for
other reasons than a huge accident - expensive engine
repairs could be why this one’s here.

* Carefully look inside theé valve covemfa small torch helps).
Look for signs of carbon or sludge build-up, which indicate
an abused engine (overheating and/or irregular oil changes).

» Compare the spark plugs to the condition chart in the
Ignition Chapter to get a clue about the inside of the engine.
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monitoring
engine performance

Having the right gauges provides you with an
early warning system to help you spot problems
before they can cause major engine damage. On
a standard road car, the engine is so reliable that
these situations are pretty rare. But when you
start modifying your engine, stuff happens,
which is why you'd better keep tabs on things.
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Where do | put the
gauges?

When cars were bigger, so were the dashboards. There was
always room for extra qauges. On modern cars, however,
there's not a lot of unused space for extra gauges. The one
really flat space for gauges is of course the existing instrument
"cluster” (the one-piece unit that houses the speedometer,
tachometer and a few other gauges such as the fuel level and
coolant temperature gauges). So, if you're swapping the old
instrument cluster for a new unit, it should be a very
straightforward procedure. But if you're planning to install
additional gauges, then you'll have to be creative.

Gauge "cups” are the traditional strategy for housing
gauges that can't be installed in the instrument cluster area, A
cup is usually a black metal, chrome or plastc enclosure
designed to house one gauge or a series of gauges, These are
often simply mounted at the bottom edge of the dashboard,
One drawback is that the wires between the gauge and the
sender, voltage source, ground, etc. are exposed between the
back of the cup and where they disappear into the dash.

All of the gauge manufacturers offer finished mounting
plates, pre-cut to fit into storage recesses or ashtray
receptacles in the dashboards of most modern cars. These
empty spaces, which are usually located in the centre of the
dash, were intended for storing small sundries such as
sunglasses, cell phones and other small items. If your car's dash
is equipped with one of these storage areas, consider yourself
lucky, because this is an easy way to add some gauges and
make it look "factory.”

There are gauge plates designed to fit into the ashtray
receptacle of many makes and models. One neat thing about
the ashtray is that the electrical lead to the cigarette lighter
means that a convenient battery voltage source is already
available.

Most of the gauge manufacturers also offer 3 wide range of
“gauge pods,” which are plastic housings designed to accept
various sizes of gauges. There are pods for just about every
vacant area on the dash: above the instrument cluster, to the

left or night of the cluster; in the centre of the dash, etc. Gauge pods
usually have & black pebble-grain finish that blends nicely with most
dashes

One popular variation of the gauge pod is known as a “pillar pod.”
Pillar pods, which are designed to fit the drivers side A-pillar (the
windscreen pillar), are manufactured to accept one, two or three small
gauges. A pillar pod is easy to install and looks as if it were installed at
the factory, but be ready to do some drilling in the body and/or the dash
to hide all the wires.
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horsepower?
How fast?

G-TECH/Pro
tuning tools

One interesting and helpful  product in

ory
aftermarket instrumentation 1s the G-TECH/Pro, from
The G-TECH/Pro uses a

a sensor that can measure

America HMHCON accelerometer

which 15 cceleration, or G
force. The G-TEC H/Pro measures the speed and distance

travelled by integrating acceleration over ume. its all
y, out

O know how much power you

very complicated exactly how it work bottom line

it does Work

It you want

really gained with that new induct tl

on kit, hook upt
1/4-mile
without going to the drag -..'tl[:-" Plug in the G-TECH

The G-TECH/Pro ndiculously easy to fit
G-TECH/Pro in the middle ol the

(helow the rear view mirror), pus

e G

TECH before and after

Want to know times
i )
STENY
position the das!

 the rubber suction cup

against the inside surface ot the windscreen, and plug it

nto your cigarette hghter. That's all there 1s to it. You're

ready to go!

The G-TECH/Pro COMPETITION
model can measure:
1/4-mile elapsed time and top speed
1/8-mile elapsed time and top speed
1000-toot time
Accelerating and braking Gs
Braking distance
Engine rpn
Engine rpm vs. time qraplt
(35 vs. time graph
Handhing Gs
Horsepower
Horsepower and torque vs. rpm graph
Reaction time
speed vs, distance grapn
speed vs. ime graph
Torque
Zero-10-100 mph
Zero-to-330 feet
Zero-to-b60 feet
Zero-to-60 mph

Another advantage s its portability. You can
remove 1t from its mounting bracket to study your
tuning data more closely. You can review the
results, store logged runs that you want to save and
even change the settings before putting the unit
back in the car. Or in another car: Specific vehicle
data such as weight and shift light settings can be

stored and recalled for upto four vehicles
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Fitting a
tachometer

It's recommended to mount the
tacho where it's easy to see
without taking your eyes off the
road. Make sure that the dash
material is substantial enough
to support the tacho. Once
you've settled on the perfect
spot for your tacho,
mark the position of
the mounting bracket.

Remove the tacho from the

mounting bracket, and mark
the position of the
bracket holes for
drilling.

Before you drill anything,

remove the trim panel from the

dash below the mounting area

(refer to the Haynes manual for
your car if you don't
know how to remove
the trim panel) . . .




- . . and verify that your

drill bit {(and mounting

screws) won't hit
anything important like
electrical wiring.

Fit the tacho in its mounting
clamp, then bolt the clamp to
the mounting bracket. Before
tightening the mounting bolt
and nut, hop in, adjust the seat
to your regular driving position
and adjust the angle of
the tacho so that it's
facing directly at you.

Carefully drill the mounting bracket holes. If

you've got a fancy right-angled drill adapter,

this job's a lot easier. Most of us will have to
struggle just a bit.

Most electric tachos have four wires: power, earth, illumination

and signal. To route the wires so they're hidden from view, we ran

them through a gap between the left end of the dash and the A-
pillar trim. Then we covered the short exposed section of
wiring between the tacho and the pillar with some split
loom tubing.

Place the tacho

mounting bracket in

position, align it with
your marks, fit the bracket
screws and tighten them
securely, but don't overdo it or
you'll strip the dash material.

Pull the wires down to the
interior fuse panel (usually
located on the kick panel or
tucked up under the end of the
dash) and cut off the excess,
but leave enough so there's
plenty of room to add
connectors to the ends. If
you're new to wiring, it's a
good idea to label the
wires so that you don't
mix them up.
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Now you're ready to start hooking up the wires,
First, using a test light or continuity tester, find a
pair of vacant 12-volt terminals on the fuse panel
for your power (red) and illumination (white)
wires. You want a switched 12-volt terminal for
the power wire, which means that it's open-circuit
when the car is turned off, but live when the
ignition key Is switched to ON. You'll also need a
switched 12-volt terminal for the
illumination wire that's only live when
the sidelights are switched on,

Unlike the other three wires, the signal

wire must be routed through the bulkhead

to the engine compartment. Look for a
convenient cable grommet (throttle, clutch, bonnet
release, etc.) in the bulkhead and make a hole in it
with a bradawl. We used the clutch cable grommet
because it's big and because it's easy to get to.

Strip off a little insulation from
each wire, crimp a connector

the same size as the spade

terminals you're going to hook

up to and connect the power Look for a close and convenient
and illumination wires to the fastener to connect the earth

fuse panel, Those of you with wire, Make sure that it earths
sharp eyes will notice that these  the wire to metal, not plastic.
wires are oversize. That's We attached the earth wire to
because we plan to use these the body at this crossmember
same wires for the illumination  brace bolt. If you can't find a
and power leads to the pillar fastener nearby, drill a hole into

pod gauges and the the body and attach the
airffuel ratio meter we'll earth wire with a self-
be fitting later. tapper.

T
A

Insert the signal wire through the plastic tube from

under the dash and pull it through from the engine

compartment side. Crimp on a suitable connector and
connect the signal wire to the negative primary terminal on the
ignition coil (standard-type coil) or to the auxiliary terminal
meant for a tacho wire (aftermarket, high-performance coil).
That's it! You're done. Now set the telitale needle to the
desired redline and be sure to not let the red needle go past it!




Unpack the oil pressure gauge kit and make sure you have
everything you'll need to fit it. If you're fitting a mechanical type
oil pressure gauge like this one, you will need to tap into the hole
in the engine block or cylinder head for the oil pressure sender. So
make sure that the kit includes all the adapter fittings
you'll need to tee into the existing hole for the oil
pressure sender.

Fitting
pillar pod
gauges

Unpack the voltmeter kit, and make sure everything is Okay, let's get started. Place the pod in
there too. Unlike oil pressure gauges, voltmeters are pretty Get your pillar pod and position on the pillar,
simple to fit. Once you've checked everything for both kits, dummy it up exactly and mark the locations
push them aside (but keep them separate!) and read the where you want to put it. Make  of the four holes you're going
instructions that came with each kit. Pay close attention to all sure it's a good fit before to drill. Make sure the holes
notes, cautions and warnings by the gauge manufacturer, For proceeding. Then drill a hole at  aren't going to be too close to
example, if a manufacturer specifies a certain gauge wire for a 12-  each corner of the pod as the edges of the pillar.
volt connection, don’t try to skimp by using a smaller wire than shown.

specified, or you might see smoke coming from your new gauges!




We spliced the power,

illumination and earth

leads from all three
pillar pod gauges into the same
leads we used for the
illumination and earth wires for
the tachometer. Then we routed
the oil line for the oil pressure
gauge through the bulkhead to
the engine compartment.

Find the oil pressure

sending unit and

disconnect the electrical
connector. The sender is usually
- but not always - located
somewhere near the oil filter.
Refer to your Haynes manual if
you have difficulty finding it. Be
prepared to catch any oil that
runs out when you remove the
sender - the lower the sensor
location on the head or block,
the more oil you'll lose when
you remove it.

Here's our setup for

tee-ing into the

standard sending unit
on our project vehicle. Before
assembling, be sure to wrap the
threads of the sender, the
adapter fitting and the
compression fitting with PTFE
tape to prevent leaks.




Screw the tee-fitting

adapter into the block

and tighten it securely.
Make sure that the compression
fitting is pointing in a direction
that will allow easy connection
of the oil pressure gauge line.

Insert the line into the

compression fitting,

slide the olive down
the line until it seats inside the
open end of the fitting, thread
the nut on and tighten it
securely.

Screw on the oil pressure sending unit, tighten it securely,
reconnect the electrical connector to the sender and you're
done!



Most gauge manufacturers offer

a wide varlety of mounting

\ solutions for any gauge

~—— [nstallation. We bought this

gauge bracket, which was
designed for under-dash
installations, but works

Just fine for this job.

—_ e o

" Fitting
an air/fuel &3
ratio gauge

)i “ﬂ{} ! J;

—

Using a hole saw bit, Once you've drilled the Tack-weld the boss With the boss tacked

drill a hole in the hole and cleaned it up, into place. into position, remove

exhaust, then clean up place the weld-in boss the socket/extension,
the edge around the hole with over the hole, centre it with a then weld the boss to
a small grinding tool until it's socket or an extension to keep the exhaust pipe.

smooth and clean. it exactly in place.



You'll also need to buy an
oxygen sensor and a weld-in
boss from the manufacturer of
the gauge. Don't buy a sensor
from the manufacturer of your
car. It will cost more money, and
it won't include a weld-in boss,
which you're going to
need in order to screw
the new sensor into the
exhaust pipe.

Inspect your work and

make sure the weld

completely surrounds
the boss, with no holes. Any
holes will allow air into the
exhaust system and will cause
false readings.

After removing the entire
ashtray assembly, we discovered
a couple of mounting holes that
we could use for our under-dash
mounting bracket. (If you need
help removing the ashtray, refer
to your Haynes manual,) We also
discovered a big hole behind
the ashtray receptacle through
which we could route the wires
{another reason why the
ashtray receptacle is a good
location for this or any
other gauge which you
might wish to fit in this
spot).

Apply a film of anti-

seize compound to the

threads of the new
sensor . . .

For our installation, we removed
the gauge and fitted the bracket
first, then fitted the gauge in
the bracket. Then we routed the
power (red), earth (black) and
illumination (white) wires over
to the fuse panel and spliced
them into the same
connections that we
created for the
tachometer install.

.+« then screw the

sensor securely into the

boss (a special sensor
socket is being used here),

Now for the fun part! There's no
place to fit your new oxygen
sensor, so you're going to
have to make one. First, mark
the spot with a punch where
you want to fit the new sensor.
For the best accuracy, it should
be very near the oxygen sensor
for the engine management
computer (but be sure to
offset it enough so the
sensor tips don't touch
each other).

Finally, attach the sensor

wire to the gauge wire;

we used a bullet
connector here. Now lower the
car and test the gauge. Keep in
mind that the gauge won't give
you an accurate reading until
the sensor has warmed up fully.
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Smokin’ those tyres
looks cool, but to get
vour power to the
tarmac, you’d better
take a hard look at
that driveline.

Once you‘ve started modifying your machine, you can’t go back to a standard
clutch, or the combination of an aggressive driving style and an aggressive engine
will fry a new standard clutch in short order. If you've “done” your clutch once
already, you know much trouble it can be to get the car safely jacked up enough
to be able to drop the gearbox out on the driveway. You don’t want to have to do
that too often. If you're having a pro do the installation, there’s even more reason
to do it once and do it right, since it can get expensive to re-clutch professionally.
With an investment either way, in knuckle-busting labour or hard-earned cash,
you need to choose your new clutch wisely.



Typical clutch components

Flywheel

Clutch disc
Pressure plate
Pressure plate bolts
Release bearing
(throwout bearing)
Release lever
Release lever ball
stud (pivot point)
8 Release lever boot

™

oW -

~
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A typical clutch
system for
performance use |
would include

an aluminium
flywheel,
organic-faced
clutch disc and

higher-pressure T

clutch cover -
this set is from
Advanced Clutch
Technology.

Clutch disc friction materials run from like-stock to the
exotic, but most street clutches use organic or Kevlar
material for holding power with long life and good clutch
“feel”- note the springs around the center of each disc
hub; you've got to have

these for a smooth street

clutch engagement

Most clutches &
are of the

diaphragm style, in t

which a multi-fingered SR

plate leverages against the pressure plate to clamp down on
the clutch disc - most aftermarket clutch covers are similar,
but with altered leverage to increase clamping power
without a big increase in pedal pressure.




Safety

Shrapnel and scattershields

If you plan on racing at the dragstrip, you'd also be wise to check

that the clutch is of an approved type. At many events, you must
have an approved clutch and flywheel if you go quicker than
12 seconds.

Under extreme racing use, an original-type clutch and flywheel
combination can literally explode in the car. The continued heat
from hard gear changes can crack a flywheel or clutch pressure
plate to the point where the component eventually comes apart.
Flying pieces of clutch/flywheel shrapnel can injure the driver or cut
a fuel line and cause a disastrous fire. This we don’t want, so invest
in a quality approved lightweight flywheel. Even with the right
clutch and flywheel, there are some events and classes in which

i you will also have to have a “scattershield” which is a 1/4 -inch-
Not all aftermarket flywheels are aluminium - this thick steel shield that goes around your bellhousing to contain
‘Comptech flywheel is made of CNC-machined chrome-moly shrapnel if anything happens. We should also mention that when
steel, yet still weighs only 8.75 pounds. fitting a performance clutch and or flywheel, you should use only
top-quality, new, high-strength bolts to secure them. Go fast, but
be safe.

pedal pressure, how the clytch engages (or its
"feel"), and how long a particular clutch can
be expected to handle performance use.
Flywheels are an important part of the
clutch system as well, but the choices are
fewer. A lighter flywheel allows an engine to
rev quicker. For road use and only
accassional racing with a mildly upgraded. -
engine, the standard flywheel should be
fine. As your driveline needs get more
demanding, consider a performance
flywheel at the same time your!
upgradéd clutch is fitted. And '
aftermarket companies have been @ 3
making lightweight aluminium -

flywheels for performance use for years.

Racing clutches have

solid hubs {no springs)
and usually have exotic
materials for the friction
surfaces, like ceramic or metallic
pads, either in a full circle or in
pucks like these

sssssssssssssssssssnsnssen
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There aren’t a lot of gear ratio choices
for modern cars, and a new ring and
pinion set like this is expensive, but if
you're racing and determine that you
need the extra gearing because you're
running much bigger tyres (slicks) these
could be just what you need,

A limited-slip differential
works great on the

traction, but for track-only use, a
nearly-unbreakable spool like this

Since all your new power is getting transferred very suddenly to your
new slicks, you may need to upgrade your hub assembly to one with
a billet flange and stronger wheel studs - this one is from Pro Drive




With plenty of power and plenty of traction, the only thing missing:in the equation is
plenty of driveshaft strength, Your driveshafts typically have a CV joint on the outside, a
middle shaft, and a tripod-type joint at the inner .end. One or all of these components
will fail with enough force against them on the start line. Once you've upgraded your
driveline, you'll be fine until the tyre companies come out with a stickier or bigger slick,
then you'll have to upgrade to the next level of shafts.

If'you've been reading our book p to this point, and you're making enough new
power and torque to start worrying about driveline breakage, that makes us feel good.
Not that you're breaking parts, but that our advice in the power-making department has
served you well!

Stronger driveshafts and bigger CV joints will handle the ext

once you upgrade, you won't have to carry spare standard driveshafts to the track with

ra loads imposed by running slicks

As engine builders keep finding
more power and use bigger slicks, for
extreme drag use you need a
completely-new drivetrain - this
package from Moore Performance
includes big shafts, billet joint
components, billet spool, and
chrome-moly knuckles with hubs,
bearings and lightweight disc brakes.
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Safety

We all know that working on your car can be dangerous - and
we're not talking about the danger of losing your street cred by
fitting naff alloys or furry dice! Okay, so you'd be hard-pushed to
injure yourself fitting some cool floor mats or a tax disc holder, but
tackle more-serious mods, and you could be treading dangerous
ground. Let’s be honest - we have to put this safety section in to
cover ourselves, but now it's in, it would be nice if you read it.

Burning/scalding

The only way you'll really burn yourself is if your car’s just been
running - avoid this, and you won't get burned. Easy, eh?
Otherwise, you risk burns from any hot parts of the engine (and
especially the exhaust - if you've got one, the cat runs very hot), or
from spilling hot coolant if you undo the radiator hoses or filler cap,
as you might when you're braiding hoses

Fire

Sadly, there's several ways your car could catch fire, when you think
about it. You've got a big tank full of fuel (and other flammable
liquids about, like brake fluid), together with electrics - some of
which run to very high voltages. If you smoke too, this could be
even worse for your health than you thought

a Liquid fuel is flammable. Fuel vapour can explode - don‘t smoke,
or create any kind of spark, if there's fuel vapour (fuel smell) about,
b Letting fuel spill onto a hot engine is dangerous, but brake fluid
spills go up even more readily. Respect is due with brake fluid,
which also attacks paintwork and plastics - wash off with water.
c Fires can also be started by careless modding involving the
electrical system. It's possible to overload (and overheat) existing
wiring by tapping off too many times for new live feeds. Not
insulating bare wires or connections can lead to short-circuits, and
the sparks or overheated wiring which results can start a fire. Always
investigate any newly-wired-in kit which stops working, or which
keeps blowing fuses - those wires could already be smouldering..




Crushing
Having your car land on top of you is no laughing matter, and it’s a
nasty accident waiting to happen if you risk using dodgy old jacks,
bricks, and other means of lifting/supporting your car. Please don't.
Your standard vehicle jack is for emergency roadside use only - a
proper trolley jack and a set of axle stands won't break the
overdraft, and might save broken bones. Don’t buy a cheap trolley
jack, and don't expect a well-used secondhand one to be perfect,
either - when the hydraulic seals start to fail, a trolley jack will drop
very fast; this is why you should always have decent stands in place
under the car as well.

Steering, suspension & brakes

Screwing up any one of these on your car, through badly-fitted
mods, could land you and others in hospital or worse. Nuff said?
It's always worth getting a mate, or a friendly garage, to check over
what you've just fitted (or even what you've just had fitted, in.some
cases - not all “pro” fitters are perfect!). Pay attention to tightening
vital nuts and bolts properly - buy or borrow a torque wrench.

To be absolutely sure, take your newly-modded machine to'a
friendly MOT tester (if there is such a thing) - this man's your
ultimate authority on safety, after all. Even if he's normally a pain
once a year, he could save your life. Think it over

Even properly-fitted mods can radically alter the car’s handling -
and not always for the better. Take a few days getting used to how
the car feels before showing off
Wheels
Don't take liberties fitting wheels. Make sure the wheels have the
right stud/bolt hole pattern for your car, and that the wheel
nuts/bolts are doing their job. Bolts which are too long might catch
on your brakes (especially rear drums) - too short, and, well, the
wheels are just waiting to fall off. Not nice. Also pay attention to
the bolt heads or wheel nuts - some are supposed to have large
tapered washers fitted, to locate properly in the wheel. If the
nuts/bolts “pull through” the wheel when tightened, the wheel’s
gonna fall off, isn't it?

Asbestos 3

Only likely to be a major worry when working on, or near, your
brakes. That black dust that gets all over your alloys comes from
your brake pads, and it may contain asbestos. Breathing in asbestos
dust can lead to a disease called asbestosis (inflammation of the
lungs - very nasty indeed), so try not to inhale brake dust when
you're changing your pads or discs,

Airbags
Unless you run into something at high speed, the only time an
airbag will enter your life is when you change your steering wheel
for something mare sexy, and have to disable the airbag in the
process. Pay attention to all the precautionary advice given in our
text, and you'll have no problems.

One more thing - don’t tap.into the airbag wiring to run any
extra electrical kit. Any mods to the airbag circuit could set it off
unexpectedly.

Exhaust gases

Even on cars with cats, exhaust fumes are still potentially lethal
Don‘t work in an unventilated garage with the engine running
When fitting new exhaust bits, be sure that there’s no gas leakage
from the joints. When modifying in the tailgate area, note that
exhaust gas can get sucked into the car through badly-fitting
tailgate seals/joints (or even through your rear arches, if they‘ve
been trimmed so much there’s holes into the car).

Tools

In writing this book, we've assumed you already have a selection of
basic tools - screwdrivers, socket set, spanners, hammer, sharp knife,
power drill. Any unusual extra tools you might need are mentioned
in the relevant text. Toxand Allen screws are often found on trim
panels, so a set of keys of each.type is a wise purchase.

From a safety angle, always buy the best tools you can afford -
or if you must use cheap ones, remember that they can break
under stress or unusual usage fand we've all got the busted
screwdrivers to prove it!)

DO Wear goggles when using power tools

DO Keep loose clothing/long hair away from moving engine parts.
DO Take off watches and jewellery when working on electrics
DO Keep the work area tidy - stops acadents and losing parts.
DON’T Rush a job, or take stupid short-cuts

DON’T Use the wrong tools for the job, or anes which don't fit.

DON’T Let kids or pets play around your car when you're working.
DON’T Work entirely alone under a car that's been jacked up.
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;‘:‘- The harsh & painful truth

The minute you start down the road to a

sorted, the coppers will find

ied motor, you stand when they pull 5 d dead

s a good chance of being in trouble with the Man. It seems like cert. Trying not i« d them up too much before this h and

L there's almost nothing worthwhile you can do to vour car, without certainly not ¢ re stopped) will make for an easier life. Theres
S0 the answer's not to do it at all, then? showing oft, and then theres taking the pee. Save it for the n cruise

g M 1

[ There's this bund vehicle-related requlations called

& Use. Its a huge set of books, used by the car

urers and the Department of Transport among others, and

it sets out in black and white all the legal issues that ¢

in trouble, It's the ultimate &

uld land you

nodifying, in theory. But
few people (and even fewer policemen) know all of it
and it

to the letter at the roadside - just in court

nside-out

orever being updated and revised, so it’s not often entorced

ite the existence of

C & U, in trying to put together any guide to the law and modifyin
| tt

ear that almost everything's a "grey area”, wit

It quickly becomes ¢

e prepared to go on record and say whq

10O Mo

and what's not. Well bnlliant. So if there's no fixed rules (in the real

world), how are you meant to live by them? In the circumstances, all

we can promise to do 1s help to make sense of nonse

i

Avoiding roadside interviews
Why do sor

people get pulled all the tme, and ot hardly ever?

It's often all about attitude. We'd all like to be free to drive around “in

yer face”, windows down, system full up, loud exhaust bellowing,
sparks striking, tyres squealing - but - nothing is a bigger “come-on
to the boys in blue than “irresponsible” driving like this. Rest assured,
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Number plates
C of the simplest mods, and one of the easiest to spot
Nowadays, any changes

yracter font (such as italics or tancy type),

and

made to the

fi

pacing, or size of the plate constitutes an offence. Remember
that if vou've moved the rear plate from its original spot (like
the ta ss, during smoothing) it still has to
proper t at night. You're to even buy an illegal plate
35 the companies making them are also liable for
t stopped. It's all just something else to
ime sed cameras - plates have to be easy for them to
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attentior g5t Of your ca it smart. At a

Lights

biggest problem
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Light mods are a priority for any modder
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» 3 few quid?
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the beam alian
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If Plod's really having a bad day, he might even question the
legality of your new biue headlight bul ba- -
Keeping the bulb packaging in the glove
solution here (60/55W max)

Many modders favour spraying rear light clusters to make them
look trick, as opposed to replacing them - but there's trouble in
store here, too. One of the greyest of grey areas is - how much light
tinting is too much? The much-talked-about but not-often-seen
comes into play here. Making your lights so dim

!\f_"“.

are they too powerful?

DOX neat

might be a

“common sense”
that they're reduced to a feeble red/orange glow Is prett y dim |
if you're spraying, only use proper light-tinting
many coats of that. Colour-coding !;qh:s ordinary spray paint
is best leftto a :Jr(: sprayer or bodyshop (it can be done by mixing
lots of lacquer with not much paint, Tinted lights are
actually more of a problem . 50 check yours
while the sun’s out

Lastly, two words about neons. Oh, dear
all kinds have now been deemed illegal for road use (and that's
interior ones as well as extenors, which have pretty
been a no-no). if you fit neons inside, sure you rng in
50 you can easily turn them off when the law arrives - or don’t drive
around with them on (save it for when you're parked up). Distracts
other road users, apparently.

t 100

pray, and not too

!D! nstance)

ngnt

in daylight than at

It seems that neons
much always

a Switch

make

Big alloys/tyres
One of the first things to go on any lad's car, sexy alloys are night at
the heart of car modifying. So what'll interest the law?

Well, the first thing every copper’s going to wonder is - are the
wheels nicked? He'd need a good reason to accuse you, but this is
another instance where having copies of receipts might prove useful

Otherwise, the wheels mustn't rub stick out from, the
arches - either of these will prove to be a problem if you get
stopped. And you don't need to drive a modded motor to get done
for having bald

on, or

tyres

Lowered suspension

Of course you have to lower your car, to have any hope of street
cred. But did you L-no v it's actually an offence to cause damage to
the road surface, if your car’s so low (or your mates so lardy) that it
grounds out? Apparently so! Never mind what damage it might be
doing to your exhaust, or the brake/fuel lines under the car - you can
actually get done for risking damage to the road. Well, great. What's
the answer? Once you've lowered the car, load it up with your
biggest mates, and test it over roads you normally use - or else find

your g

town that avoids all It you've

into speed got
| easier time tuning out the scraping noises

-bore exhaust or backbox must be

a route Dumps

colov

ars, you'll have

Remember that ir new DIg

VoL
hung up well enough that it doesn’t hit the deck, even if you
haven't absolutely slammed your car on the floor. At night, leaving
a trail of sparks behind is a bit of a giveaway

Exhausts

One of the easiest-to-fit performance upgrades, and another
essential item if you want to be taken seriously on the street. Unless
your Dsen pipe/sy 1 is just too damn loud, you'd be very
unlucky to get stopf t, but It you will draw attention this

way, you could be ki 'fr\ufm;-'-l‘ ater

For instance 1 fact fitted a home-made straight-
used to have a “cat”? By drawing
that extra-loud system, he could then ask you

to get 1l sions tested - worse, you could get pulled for a

"random” de emissions check. Fail this (and you surely will),
and you 1t in the brown stuff. Even if you re-convert
the car back to stock for the MOT, you'll be illegal on the road (and
therefore without insurance) whenever your loud pipe's on Still

sound like fun, or would you be happier with just a back box?

It's also h mentioning that your tailpipe mustn’t stick out
beyond the very back of the car, or in any other way which might
be dangerous to pedestrians. Come on - you were a ped once!

Bodykits
The popular bodykits for the UK market have all passed the relevant
tests, and are fully-approved for use on the specific vehicles they're
intended for. As long as you haven't messed up fitting a standard
kit, you should be fine, legally-speaking. The trouble starts when
you do your own little mods and tweaks, such as bodging on that
huge whale-tail spoiler or front air dam/splitter - it can be argued
in some cases that these aren’t appropriate on safety grounds, and
you can get prosecuted / bodywork is fitted so it obscured
s, Or so badly attached that a strong breeze might blow it
off, you can see their point. At least there's no such thing as Style
Police. Not yet,

wort

It any

anyway

Other mods

Anything else we didn't think of - is probably illegal too. Sorry
Any questions? Try the MOT Helpline (0845 6005977). Yes, really

Thanks to Andrew Dare of the Vehicle Inspectorate,
help in steering us through this minefield!

Exeter, for his
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i (May 91 - 7 3504 Land Rover Series IL, 1A & W Petrol (58 85), 0314
Audi A4 (95 - 1575 Mazda 323 (Mar B1 - Oct 89) gl
L 3 Austin A35 & (56 - 67) * 0k3A  Mazda 323 (Oct 89 - 98) 5
- Austin Allegro 1100, 1300, 1.0, 1.1 813 mmwu-msn n4an
{73 - b Okl Mazda B-1600, B 1800 & B-2000 Pick-up
J AustinMGRover Maestro 1.1 816 (83 -95) 022 (72-88) o2e?
i Austin/MG Metro (B0 - May 90) 0744 Mazda RX-7 (79 - 85) * Bhen
; AustinRover 13816(84-94) 10k Mercedes-Benz 190, 190 &
Austin'MGRover Montego 2.0 (84 - 95) k7 1900 Petrod & Diesel (83 - 93) Juzp
Mgzﬁ!‘.l 0527  Meredes-Benz 200, 240, 300 Diesel
Mimi (69 - 01) Ohvh  (Oct 76 - 8S) iy
Austin/Rover 2.0 litre Diesel £ (B6-93) 18%7 Mescedes-Benz 250 & 280 (68 - 72) 03uk
Austin 100/ & 3000 (56 - 68) * 0049 Mercedes-Benz 250 & 280 (123 Series)
- Bedford CF (b% - B7) O3 (Oct 76 - Ba) w77
BedfordVauxhall Rascal & Mercedes-Benz 124 Senes (B5 - Aug 93) 3253
Suzuki (B6 - Oct 94) 3015 Mercedes-Benz C-Class Petrol & Diesel
BMW 316, 320 & (75-Feb 83) 027 (93 Aug 00) 3503
BMW 120, 120k, 123 & mg—w- o 75
(Oct 77 - Sept B7) 04L5  MGB (62 - BO) 1755
\- BMW 3-Series (Apr 91 - 96) 3210 mlmwm B0y o2es
' BMW 3- & 5-Series (sohd) (B1. 91) e Shogun &
BMW 520i & 525¢ (Oct 81 - June B8) BS540 unnmu;-mm JETH
BMW 1500, 1502, 1600, 1602. 2000 & Morris ftal 1.3 (B0 - B4) o708
2002(59-717) * G240 Morrs Minor 1000 (56 - 71) oo2e
Chrysler PT Cruiser (00 - 03) w058 Nesan Bluetwrd (May 84 - Mar 86) 1223
Citroén 20V, Ami & Dyane (67 - 90) 03 Nissan Bloebird (Mar 86 - 90) 73
Citroén AX Petrol & Diesel (87 - 97) 3014 Nissan Cherry (Sept B2 - B6) 033
Citroén BX (83 - 94) Ato L 0408 Nissan Micra {83 - Jan 93) Y3l
Citroén C15 Van Petrol & Diesel (89 - Oct 98) 3504  Nisan Micra (93 - 99) 3254
Citroén CX (75 - 88) D524 Nissan Primera (90 - Aug 99) A851
Citroén Saxo Petrol & Diesel (9 - 01) 350%  Nissan Stanza (82 - 86) Dagw
Citroén Visa (79 - B8) D20 Nisan Sunny (May B2 - Oct 86) nass
Citroén Xantia Petrol & Diesel (93 - 98) 1082 Nissan Sunny (Oct 86 - Mar 91) 1378 Vauxhall Corsa (Mar 93 -
Citroén XM Petrol & Desel (89 - 00) 3451 Nasan Sunny (Apr 91 - 95) 1219 VauxhalVOpel Corsa (Apr 97 - Oct 00)
Citroén Xsara Petrol & Diesel (97 - Sept 000 3751 Opel Ascona & Marita (B Seres) (Sept 75 - 881 0314 VauxhallOpel Frontera Petrol &
Crtroén Xsata Picasso Petrol & Diesel 00 - 02} 7945 Opel Kadett (Nov 79 - Oct 84} Okds  Diesel (91 - 98)
mnn&mm-g 122 mmmn-mn& 05«3 Vauxhall Nova -%‘
Gitroén ZX Petrol (91 L8844 Peugeot 106 Petrol & Diesel (91 - 02) 1682 VauxhallOpel Omega (94 - 95)
Citroén 1.7 & 1.9 litre Diesel Engine (B4 - 96) 1379  Peugeot 205 Petrol (83 - 97) 0932 Vauxhall Vectra Petrol & Diesed (95 - 38)
Flat 126 (73-8D * 0305 Peugeot 206 Petrol and Diesel (98 - 01) 3767 VauxhallOpel Vectra (Mar 99 - May 02)
Fiat 500 (57 - 73) 00%0  Peugeot 305 (78 - 89)* 0534 VauxhallOpel 15, 1.6 8
Fiat Bravo & Brava (95 - 00) 3572 Peugeot 306 Petrol & Diesel (93 - 99) 3073 1.7 litre Diesel Engine (82 - 96)
Fiat Cinquecento (93 - 98) 1501 Peugeot 309 (B6 - 93) 12k Volkswagen 411 & 412 (68 - 75) *
Fiat Panda (81 - 95) 0793 Peugeot 405 Petrol (B8 - 97) 1551 Volkswagen Beetle 1200 (54 - 77)
Fiat Punto Petrol & Diesel (94 - Oct 99) 3251 Peugeot 405 Diesel (88 - 97) 31Me  Volkwwagen Beetle 1300 & 1500 (65 - 75)
Fiat Regata (84 - B8) 37 mmm«ammg 371w Volkswagen Beetle 1302 & 13025 (70 - 72)
Fiat Tipo (88 - 91) W2t Peugeot 406 Petrol & Diesel (99 - a2 Volkswagen Beetle 1303, 13035 &
o ord I 2t i mi?iﬁmmm O e b
. pa71 n;?u i I ]
Ford Anglia (59 - 68) * oooa - 96) 0450 Diesel (Apr 99 - 01)
Ford Capri (& ) 16 & 2.0 (74 - 87) n2ai m?mlﬂ.li.lll Volksw, Golt & Bora Petrol &
Ford Capri tl (& 1) 28530 (74 - 87) Iy 2 MMTI.’M 90} 1e?  Diesel 98 -
k Ford Cortina Mk I11 1300 & 1600 (70-76) * 0070  Porsche 911 (65 - D@k Volkswagen Golf & JettaMk 11.1 &
Ford Cortina Mk V(A V) 168 20(76-83)* 03%3  Porsche 924 & 924 Turbo (76 - 85) o3y 13(74.84)
Ford Cortina Mk IV (& V) 2.3 V6 (77 - 831 *  0%2.  Proton (89 - 97) 3255 Golf,
Ford Escort Mk | 1100 & 1300 (68 - 74) * @473 Range Rover VB (70 - Oct 92) Dkib  Scirocco Mk 115, 16 & 1.8 (74- 84)
Ford Escort Mk | Mexico, RS 1600 & Reliant Robin & Kitten (73 - 83) 04 34 Golf &
RS 2000 (70 - 74) * 0339 Renault 4 (6 - 86) * D072 Jetta Mk | Diesel (78 - B4)
Ford Escort Mk Il Mexico, RS 1800 & Renault 5 (Feb 85 - 96) 1249 Golf &
RS 2000 (75 - 80) * 0735  Renault 9 & 11 (82 - 89) D822 Jetta Mk 2 (Mar 84 - Feb 92)
Ford Escort (75 - Aug 80) * fesl  Renault 18 (79 - 86) &I Wl
l’ord&cu‘l(ﬁm:kmm b8k Mlsmg-m bk Vemo & Diesel (Feb 92 - 96)
Ford Escort & 90 - 00) 1737 Renault 19 Diesel (B9 - 96) 194k Volkswagen LT vans & light trucks (76 - 87)
Ford Fiesta (76 - Aug 0338 Renault 21 (86 - 94) L 2397 Volkswagen Pawsat &
Ford Flesta 83 - Feb B9) L1030 Renault 25 (84 - 92) 1228 m&ﬂmﬂl
Ford Fiesta B9 - Oct 55) 1545 Renault Clio Petrol (91 - May 98) 458 Voh«m &
Ford Fiesta (Oct 95 - 01) 1377 Renault Gio Diesel (91 - June 96) 303%  Diesel 83 - 96)
- Ford Focus (98 - 01) 178" mmmt%n-wnu ELli W"""Em Petrol &
- Ford Galaxy Petrol & Diesel (95 - Aug 00) 3944 Renault Espace Petrol & (85- 3497 Diesel 96 - Nov =
m&mﬁgﬁ;hblm uwal  Renault Fuego (BO - B6) * 074 Volkswagen Polo & - ban 82)
Ford Granada & (Mar 85 - 94) 1245 Renault Petrol & Diesel (94 - 00) 3252 Volkswagen Polo (82 - 90)
Ford Ka (96 - 02) 3570 Renault & Scenic Petrol & Diesel Volkswagen Polo Aug M)
rudmmug;m 1123 (96-98) | 1195 Volkswagen Polo Petrol &
Ford Mondeo Dievel (93 - 96) ks Renault Mégane & Scenic Petrol & Diesed 99) -
mo«mmgm 100%  Diesel (Agr 99 - 02) EL Y mmm-g
Ford Sierra 4 cyl. (B2 - 93) 0903 Rower 213 & 216 (B4 - 89) 11Lk  Volkswagen Trarsporter 1600 (68 - 79)
Ford Seerra V6 (82 - 91) 040%  Rower 214 & 414 (89 - 96) it \htnar-hmllﬂ.ﬂl
' TRt R SV B PN S It
. 19h4 i ansporter
 Ford Transit Diesel (Feb 86 - 99) 304%  Diesel (Dec 95 - 98) . iy (- ™
~ Ford 1.6 & 1.8 litre Diesel (B4-96) 1172  Rower 414, 416 & 420 Petrol & Vbtw{ﬂm {water-cooled)
pﬂ Ford 2.1, 2.3 & 25 litre Diesel Engine Dieel iy 95 -98) 53 (B2-
77 90) k06 Rover 618, &623(93-97) gﬁ wln?nm. 63-79*
Freight Rower -8N Dwh3  Rover B20, 825 & 827 (86 - 95) - Voivo 120 & 130 Series (& P1800) (61 - 73) *
lﬂmml-x -8 0037 Rower 3500 (76 - 87) Diks  Volvo 142, 144 & 145 (66 - 74)
Hillman kmp (63 - 76) * 0022 Rower Metro. 111 & 114 (May 90 - 98) 1741 Volvo 240 Series (74 - 93)
Honda Accord (76 - Feb B4) 0351 Saab 95 & 96 (66 - 76) * 04 Volvo 262, 264 (75 -85) *
Honda Civic (Feb 84 Oct 87) 122 Saab 99 (69 - 79) * 0247 Volvo 340, 343, (76 -91)
Haynes Car Service and R Haonda Civic (Now 91 - 96) nm m%m:?(g}-mm 0768 mmm -7
; . Hyundai Pony (85 - EEL L] . 512 Volvo
Manuals are available from car Jaguar E Type (61 ﬁ O340 Saab 9000 (4-cyl) (85 - 98) obh  Volvo 850 (32 -
accessory retailers. Jaguar Mkl & II, 240 & 340 (55 - 69) * 00%8  Seat Ibiza & Cordoba Petrol & Diesel Voivo 940 (90 -
For further information or to R} S ool e S i s
1 { Sovereign (68 - Oct 86) n2k2  Seat Ibiza & Malaga (85 - 92) 1607 Volve S70, V70 & C70 (96 - 99)
find your nearest stockist, call mm:m-mmswn 32ul MM%% I::g; e
01963 442030 or visit 0 e bovble sx (2 0478 Skoda Felicia Petrol & Diesel (35 - 01) 3508 \

2 (95
w Jeep Cherokee Petrol (93 - 96) 13 Subaru 1600 & 1800 (Nov 79 - 90) 2915
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How much of your hard-earned cash disappears just keeping your car on the road? Too much,
no doubt - roadax, insurance, fuel, oll, tyres, servicing and repairs. Haynes Manuals can't
do anything about'tax or insurance, but they can help with the rest. These days they don't
just tell you how to take your car to bits and rebuild it. They are simply packed with useful,
money saving information and procedures. At just £14.99, they cost less than 30 minutes of
a garage MEChaNIC’s tIMe. e guoe Wbousie now 640 per hout e Retail Motor Industries Fedatation 1998
# Detailed Service Schedules: A step-by-step guide can help you do it yourself

or check that someone else has done it right!
¢ Fault Finding d‘larts Fix it before it gets worse!
¢ Pass the MOT: A clear quide to getting it through without unnecessary expense.
# Engine: Simple tune-up information to cut fuel costs.
# Bulbs and fuses: Precisely where they are and how to replace them yourself.
# Weekly checks: How to check your oil, coolant level, battery, brake fluid and tyres
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the knowdedge you need to get more from your modded motor’s
motor. ether you fancy just alittle or a lot more performance, we
can turn your car into something not to be messed with at traffic
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supercharger conversions, we'll show you what’s possible. Ready to
turn yom‘dreams into reality?
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an induction kit
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[15. Full colour throughout
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how-to instructions
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