








HAYNES L r- I 

. . 

The definitive wide to -no 
8 , ! .  - - . -  ' 

. . 
< I - .  . ,  

,_ ... . r 

- .  



- 
We am grateful for the help and cooperation of APC (American Products 
Cumpany). 22324 Tknexal Canyon Rd., Corona, CA 92883 (mrrmr.4apc.net), 
w h o ~ m a n y o f t h e m o d f f i e d c a r ~ L a e d t h r o u g h o u t t h i s  
hok, Stcnre Rothenbwhk at Dynamic Autoqrarft Inc, 23901 Remme fWge. 

.cam), who provided valuable 

~avariwsshaws#Ideventsduringthewk.lterandsprinOof 
200;3. Spedal thanks to Charks Gutrnann and lkam Speedtrix for making 
theircarzav~andassistingwithresearch. 

C~phato:~usedwithpmnibyLlMdkttemat iond,HondaCiv ic  
project veMde for Auto Vent Ulade (wwv.autnwnrrhade.corn). 

A U t i g M s ~ . N o p a r t o f t h k b o d c m a y b e ~ o r t r a ~ i n  
any form of by any meam. electronk or mechanii, including photocopying, 
~orhyanyinformathstorageormievalsys&m,without 
permirsiwCinwritklgfromthecopyrightholder. 

ISBN 1 84425 0% 3 

rrrvnaNorthAmwkCbK 
$61 Driva, Nswkrry Puk, C- 91320, USA 



wasn't I my I idea 

1 Advice on safety procedures and ptecautions 6 Any advice provided k correct to the best of 
6 contained throughout this manual, and more our knowledge at the time of publimb, but 
specifally on page 1%. You are strongly thereadershouklpayparthtbrattentiontoany 
recommendedtonotethesecomments,andto changesofyncificationtothevchiorparts, 
pay dose attention to any i m  that may w h i i  a n  occur without notice. 
be given by the parts wppli .  

O J H Haynes recommends that v e h i  
cummisation should only be undertaken by 
ndnriduals with experience of vehicle mechanii; 
d you are unsure as to how to go about the 
customisation, advice should be sought from a 
competent and experkxed individual. Any 
queries regarding customisation should be 
adbessed to the product manufacturer 
concerned, and not to J H Haynes, nor the 
Mi manufacturer. 

3 The instNaions in this manual are followed 
a the risk of the reader who remaim fufly and 
solely responsible for the safety, roadwlorthiness 
dnd k g a l i  of h i  vehicle. Thus J H Haynes 
are giving only nompeafic advice in this 
-. 
4 When modifying a car it is important to bear 
m mind the legal responsibilities placed on the 
owners, driver and m o d i  of can, including, 
but not limited to, the Road Traffic Act 1988. IN 
PARTKULAR. IT IS AN OFFENCE TO DRIVE ON A 
PUBUC ROAD A VEHICLE WHKH IS NOT 
HSURED OR WHKH DOES NOT COMPLY WITH 
THE C O N S T R W  AND USE REGULATIONS, 
OR WHICH 6 DANGEROUS AND MAY CAUSE 
INJURY TO ANY PERSON, OR WHKH DOES NOT 
HOLD A CURRENT MOT CERTFKATE OR 
D W U Y  A VAUD TAX MX. 

6 The safety of any alteration and its 
compliance with construction and use 
regulatiis should be checked before a 
modiiwhideissddasitmaybeanoffe~~e 
to sell a vehkk which is not roadworthy. 

7 Alteratiocls to v e h i i  should be dixloded to 
insums and l i n g  auhritb, and kgal 
advketakcmfromthepdke,vehidetesting 
c e m s , o r ~ n g u l a t o r y b o d i e s .  

The vehicles c)rc#en for this project are some 
of thox most widely modEfied by their owners, 
and readers should not assume that the 
w h ' i  manufactwen have given thdr 
approval to the modifications. 

o Neither J H Haynes I& the 
manufactwen give any warranty as 
to the safety of a v e h i i  afte!r 
alterations, wch as those 
contained in this boo&, have been 
made. J H Haynes will not 
accept liability for any 
economic loss, damage 
to property or death and 
personal injwy arising 
from useofthis man4 
other than in mspectof 
injury or death d n g  
directly from J H Haynes' 
ml'gence. 



Manifold imtdldlov3 158 





- 

It3 beepid 'speed is j inp qwstim of tydrnuch you 
want p spend: Thekt3 a lot of truth ig this s';tatemcnt 
P e o p l e w i t h b i g i n c ~ ~ s a n d r a a # l w i t h ~ c a ,  

'6 

afford to "Bad 7 d  caa~ut remember also that 
s p e e d a ~ m e r W i t h ~ , a n d a n a n g i n e k ; r i f t t o  

600 horsepawar a the track won? ide smoothly, get 
decent furri gconomy or go 100,000 miles behrreen major 
overhauls. Qerformance modjfications are frequently called 
"upgajes," but we nee$ to keep in mind that the 
perfom#nce is what3 bei$ upgraded, and OM you'll 
haw to give up some of the pr&ical aspeck, like the 
~,rdiaMeandeconamkatoperatianthatmodem 
carsawfamusfnr. 

So it4 b e - 8 ~  hwe a plan fgp your project, emn if you 
donlhaveallthemoneytodoemything,rightaway. 

m c b a t d ~ i s a a v t h a i i t a ~ t r ,  
sh ,puWl ike i t ,butstHlpr#t ica l t~~to~ 
every day. Many upgrades, such as a four-branch manifdd, 
ca-badcsyml, and induction kit give 'free" tKwsewm, 
meaning only downside is more engine noise (that4 a w F & ~ ~ y ~  and - 
are 'no-brainers" for ny modifier. Wh you into 

turbos an uperchargm, you 11 be spending mon 
'.I - \ 

monApd ltro pcmnJ.pto mom risk of en@ damage 
CaniMts~pd Mmder head Wrk wil d u q  ywr carf 
b w - q h  driveahility and frequently also hwt pur fuel 
ec~nomy ( b ~ t h d ? f  -*e to 
iaac-aWnnwinlor-nmcbaamC 
end. SometimeJ you can't have emything. 

MMy-workb€!stonly~en~ne!dmothcr 
upgrades. For exampk, W n g  a hi-ce ignition 
d l  a n d ~ m ~ ~ y o u ~ o ~ s t o b ~ n e w i # b d r  
nice, but pmbably won't aW any power. These bits are 
designed to praride ultta-high vdtsge to avercome high 
cylinder pressures created by high-cwnpcessian, 
twbabging or sumarging. At the nomul presbra"4.'~ ] 
created hy your st& mine, ywr% gskky-looking 
win 7 were pybably plentlS Mkqw*. 
lhkspmmzthey~we t n a c k a e d ~ ~ i n w k l r h  
case, ,go ahead. 

Soit4morethwrjustwhetherornottkpa~fit. Itfa& 
I 

knportant to make wre that the upgrades am appmprht 
\I Fitting a dear k wi s u w  a 
that you can +I in 

uch of an iqease? 



Magazine acls m very specific with horsepaww nu- but it3 important Oo 
understand that these numbers may mt alwayr epply, Why? Beanrsa a new fm- 
flowing exhaust system will do wonders f a  a car with some engine mods but still 
stuck with a restrictive standard exhaust. On the other hand thaw same components 
mqM dolittle (apart from sound better) for a bog&a&d engine with a decent 
factory exhaust system. 

The mystety of how some camponerrts work together (and some don't) is why Irs 
~mportant to talk a tuner or knddgeable engine builder before you pet out the 
t ~ ( o r y o u r ~ . F r g u n o u t h a v m ~ p o n a a n d ~ p u w n f h a .  I 
cmportant things like driuwbility and sconomy are to JQU, and how mud? yw have to 
spend. A tuner who has ercperlence on modem engines win pwide you to the.best 
amwers for your needs. 

what are you waiting for? Theref plenty of hcmepmm out there, just waiting 
home under your bom& 



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. 





w sell knaw quite a kt), and some of them will e m  
thepmductsywbuyfromthernonyowcar.Buttheyoftendon't 

provide tuning sewices wch as flow bench and dyno work, custum 
machining, welding or fabht lq.  h the initial stages of a project (when 
you're upgrading the wheels. tyns, brakes. sllspension and instatling bott-- 
on pcrformsKe a guy Uke this might be perfectly satisfactory. 

0thertunersarem'handwwr"-theydon'tjustK#speedw. 
thqc act as technial b l t a n t s  to their clrstomerr, dl them the products 
and/or sewices thy rKcd to improve their car3 pedomme. and them 
install the product or make the necmary m o d i t h s .  If you're not 
already Mcsxdwith mahimid AWyandphntyof tods, get younelfa 

"tuncriiithk.Whatpunadisxwonewhocanserue 
as your &nid guru, but who tan help jmu reach your , p#rormamgoak.bydoingsome~a#dtheworkforyou.~katcen 

kccause they don.'t'tdu/'into 
a*. M-c wkr an 

save you a kt of aggravation and monsy m the early stages of designing 
and b u W i  your prrJiKt veh i i  becwrc he'll M p  you make good 

onq.msiveupgdesdratnquirexwnephning. 



paid for this service, pethaps in the form of free or dixounted parts skills. Does he have an exhaust gas analyser, fault code readn, an 
and labour. odlkwqe, rd l iq  rBpd and a flow ben&? If he doesn't, he 

VVh@n asked about hi d9round, a novice & Wing for shgwldn't be tuning modem m. Just having the gear is a gcmd f nm customers might fudge the tmth@bit. An aqmiend turn sign, beaux tools am t to buy just to impress 
who4 been h business for a while we@ md to. If his kkshop cugomm. lf%g how the engine 5 snafdmdfi*rdwimhnd,pcmndmwhinmobuul mnagmmtsystem each other means 
dean vehicles, and he4 - c h e c a n a p p r o e c h ~ ~ a n d S o h n t h c m k g i .  

LookforatunerwithsatkfMvlMisdMtarr=rnouth 
admMgshbuWbepwtofywrsardr.butdon't . 
I - n r p k e k t h c o n l y ~ ~ , ~  

a l e ~ ~ t s t o a d m i t  



d - /' 1 is the tuj-ie~ imael,? 

A J t y o u d m ~ h e n - y a u c a F f * b a r i c d l y d r a y  
*. t h e w a y L t i s , s o w h y d o y o u ~ t o ~ m $ h q c ~ i t f a s G r -  

to pose, mdreyoufed better. o r t o ~ t a c e ? T h i n g s l i k e t h b .  
coupled with how much dosh you;w got in the first place, should W 
yw how much to bbw on engine tuning. Some mods an mon cost- 
effecbkethanotharr.ApromayhanUPHRIQdansntygrandinhb 

I 



hem tune? 

\ ~ o e s  Zhe tuner . 
'.-do the work on t ime? ,  

kpmises things he h% Mvw. 
I 

The 
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. 

Since the power output of an engine is directly proportional to 
the amount of air it can inhale, a good tuner will try to remove all 
resistance to airflow in the induction system, so the engine can 
pack as much mixture into the combustion chambers as possible. In 
order to do so, he must be able to measure the volume of air 
flowing through the intake manifold and the cylinder head to 
check that his modifications have done the business. The device he 
uses to measure airflow through the intake manifold and the 
cylinder head(s) is known as a flowbench. For tuners, the 
flowbench is an essential tool - without it, you're just guessing. 
Don't mod your head without one. 
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P L '  

Pop thehnnet on - ical mo&n hatc 
see? ~ ~ a d c  plastic air %& ho- Mack 
bapy ,  Mack wiaot a-ter hm@, 
hrse box, black electrical hmeores, black , (with, &i$wrse, a M I  oil fil*.gyp), b l a c k ~ Y ~  .-, + 0 wait, ha en, there's rey bit - there - 
n ma comp1rtment dkgad h r  r%merd or dmth&tg? the 

1 
&"e i"* did + * * '  $. 

~hauvcar enakre aJmwrbnerrts don't look like midniaht in a coal mine, s w4w rhouCd - 
~ ~ ~ h o ; J ~ e t r a r ; d g ; a j ~ ~ 0 o m ~ ~ a b ~ e - ~ o n ) ~ t ~ ~  W ., 
hundredq and a couple weeken&. V L  h '\ 1 



Detail your enn3- 

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 30,000 miles, an engine usually begins to leak a ri le codant or 
engine oil. Brake fluid, poww-stedng fluid and transmission fluid leaks might ako 
appear. As the miles build up, so the mess - these little leaks slowly spread 
out, dkt and road grime start stkking to the areas covered by oil, and the engine 
gets d i .  Some of the Mi flukis, if they're not regularly removed, can attack 
paint, piastK and ~bber. Bateries can ako be messy. A duff voltage regulator (in 
your alternator) urn result in the battery being overcharged, which can spit highly- 
corrosive batmy acid onto painted surfaces. Dirty battery connections could mean 
that one day you'll hear the dreaded "clickdii", which means that you're not 
pbyingwithafull 12vob. 



~ n ~ i n e "  washing ' steam clmkning 
In a basic wsh and detail,.a clean engine ygh t  need nothi g more The ird option is 8 take your ca to a place th does engine + P f t t c f h a n  a simple soaping up aid hosing down If you can't re ove the stea cleaning. Before the general ailability of g consumer 
accumulated dirt and grime this easily, stronger measures are called engine cleaners in spray cans, this was the only option, and you had 
for. Chemical clea@ers for degreawg engines arewailable at yo% to "know +re to go" towen find a caqyash that did qgine 
local car accessory shop, and there are even *some effective steam-cleaning. As its name implies, this process involves a pressure 
household cleaners. Most oven cleaners work well on heavy grease spray of really hot water and solvent. It does a superb job of 
#deposits ap your engin-nd many homehold liquid 4r spray r ew ing  baked-onwease and dirtirom engines, earboxes and + 
cleaners will also work in most cases. Observe all the cautions on running gear. Many professional modifiers and tuners make the 
the container, and wear rubber gloves and eye protection when steam-cleaner their first stop when starting a new project. 
haeing off this st&- some of theie cleaners are &stic, and m h  Steam clebning, if you dh find somewdCre that still dks it, 
can damage your eyes and skin. deans everything extensively. The only drawbacks are that it can 

Proper engine cleaners are even more effective than household rem ye paint from the engine o from 
cleaning a4ents. Gunk is% widely-availab brand that n[s been es&ally if the painfis already begiking to 
used for many years, but it's not the only option. Some of the age, chemical exposure or heat, and can also damage rubber 
engine cleaners arq available in 9 t h  spray and f p m  - the foan?, you're not w f u l .  But if yoq@ going to go 

covers and the engine bulkhead. - y*.. -' ; L; 

type is good at staping in place on vertical surfacej such as timin$' compartmeht detailing. this shouldn't 
much because you'll eventually repaint most components anyway. 

+ -$ + + 
Pre;rur~wL*h~n~ Of? ! . I ~ , .  Y Airturm 
On engines with heavy grease de its, it's helpful to have som Another with pr ure washing a d steam clea 'ng is 1 kind of pressure €6 help loosen tgeposits. ~ e n h g  or buying b isn't g% for igniti and fuel &stem 
pressurewasher is the best solution if you're willing to spend the components. Keeping critical components dry during engine 
money. clea 'n is a precau 9 9  The loc8coin-op carwgh or wpermaiet jet wash is% ideal method you use - 
place to clean your engine. There's plenty of pressure, hot water best plan is to avoid getting water on sensitive components in the 
a@ even soapy w w r  to wash off *e chemicals bejgre rinsing w i t b  first place, hyt with steam QLeaning it's prew much unavot$able! 
clear water. But don't forget your mobile - if your car won't start Steamy, pressurised water can get inside your distributor cap and 
after a vigourous session with the jet wash, you'll be stuck (see other places that you think are completely sealed. Your engine 
~'moisture'#,Some peopleQvour spraying& the Gunk t i  then migbstart but run m r l y  after a st+m bath, or it rS)ght not start $ 

-.driving to the jet wash - this is a good way to start dissolving the at all. 50 have some WD-40 and some clean rags handy. You might 
grot, but remember those cleaning solvents might have burnt off have to dry out the distributor cap or the boots at the ends of the 
bfhe time you g& there! ++ 3 '9 coil king leahnd each HT ldbd. + $ 

To keep them from getting wet in the first place, protect the coil. V' - y: , , , , ,a , . *,yfl distributor carburett r or throttk and any car a rm modules. 

- L '   he$ can be effect ly household a minium foil, 
-& '&L 

W, 
-&- ' plastic bags or "cling-film" plastic food wrap. 

e 



I n i p m c t  cmd cihn % 
rubber homes,  I 

m 

~ p ~ m ~ - i t 6 0 n c a u s e # r l a m C o  
and squeal.* leads that become 

I 

.-' anddl&€hekghiWbrkyNrwalfdawnto 
the par&* fhe chassis @dm exposed engine 





from %thermostat wing. 





. . . and the 
wusadporhionofthe emds of the mw braided 





I . . . install the end of . . . then rotate the That's it! You're done with the PCV hose. It's always best 13 the PCll hose onto 20 ends of the clamp 21 to concentrate your hose braiding efforts to the hoses at 
the pipe on the down where they're the top of the engine (nwne's going to see the ones 

valve cover . . . less noticeable. buried further down). 



+ + + + + 
Most replacement dipsticks look better than the stock unit, but the 

I 
ones with Ullet hand11 are amon,the prettiqt, so we sebcted a + $J blue-anodised billet-handled dipstick for our engine compartment - 

dress-up project. 
~nd%hile you're at*, whv not adds match~nq oil f ief cap? Get abillet cap! ~ n &  

n the color oi your choice, oi course. If you own a popular car, you may find someone who - 'II ? " ?  
does chrome wsta~nless bottbcaps (or cap cqprs) - go for itl) • + ; . j 

if. 
, + - I  

+--9 - +. ... ttmimthttmnew 



Wiri* covers caRprotect wiring frdm damage: d * 
in addition to making it look good. Replacing your 

%Id, rottingrvacuum hodes with low-life silicorve hoses 3 4' 4 
may even fix a vacuum leak that's causing your engine .T'; 
to r w  poorly. And you've go$ to get s o w  high- ,. J 4 
performance silicone HT leads in a 
matching color. You'll be 
enhancing your car's 
performance as well as 
giving it a cool look. 

I:' , 
+- - 



Okay, push om end of .. .mdtAcotherend 
the mw silkom 
h u m  h o r a d t h s  

bngth, all h d d  be well. 



.+and then pul -- 

L 
j . I 

. . . and on the ,... er Okay, got the idea? Go ahead, do that little short piece in 
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 to wash over this once clean but dull engine 

flow, and you'll hit trouble. compartment. 

vrarumhorrrsa 
ta@a@ cutoff an 

aqwlknothof-h- 
mdmsurethrtth.I.Dswa 
tJlesame,theninrt.llth. 
n a w ~ o n o r w p i p r . . .  

I 





install tha ny nect the new 
in the srnn 

,park plug. bation. 

I ~ o k p r n * ~ d a t a t i m ~ .  
k=P going .c""' ( tll you mix- have m. 

a r h r r ~ ~ ~ d ~ n l ~ w c a b ~ a  

something Hka this. 



aeplacing the 
breather hose 
with a filter - 

L 



---- 
Plastic spyt-loom is em to fit andl 

I I' 

Nowgobackndwapth 
junct ionfort t ie lhrac~ 
0fMM-M- 

S 

. . . + tape the uw@e end 
that you're not going 

I 



isn't something you'd 
pl&,ihg rl)lless. 4jbredks or 

a min-ute to just look at thk 







Once the cable has been 28 Insee the end plug back U and install the 
27 cut off flush with the U into its socket in the 30 icktwttosecurethe 

end plug, retighten the throttle cam, and thread , cable bracket . . . u fitting to the cable 
I setscrew. Make sure it's tight! the cable onto the cable guldc 1 bracket. Then refer to your 

that goe!s around the perimeter Hayms manual and adjust the 
I of the throttle cam. accelerator cable freeplay in 

accordance with the 
manufacturer's specifications. 
That's it! 

I 

! 

31 



valve covens 
The traditional route for upgding the appearance of 
your va* cover hadhiways beetho replace*. But 4 
that3 because there wasn't much you couid do with 

standard item. 
-, ma** a lot of mod) cars a n  a l w  equipped M a n  alurniniu+k cow.  T - ~  

is, it3 nat polished, or anodised. ft3 oftm just painted In a crinklefinir)hblack paint. A w ' t  rust like uhe 7 
ofthosecheapddsteelvdvecwers, b u t C t m Y  getanybetMrlmkingwithtime, either.Which is* 

I 
-- 6 

we deddehhat the black* cover on* Honda had6 go. But inst& of repbcin& we simply * 
removed the bbdc paint and had it p d i i  by a kxal spedal&t The refuks speak for themsek. 

- 

krdr, nothrgthrlr to 



thr MIW ~ Q I  ~ ~ ~ t h e s q @ r  
ntri*bdtrd 
mrorcthevalua~~~~~.  

ab &",== 1 0 5 ) l ~ ~ k t o ~ ~  I 
J~wcitk-f~c caurramh~hm let itsit 



W a D m i i ~ o o l ~  4 %ere are some tgbical 
m~ny right - -. took of the trade for 

Switch 
puJ and remanmy 

I 
polishing compound (available * at most r accessory 

4: + DlY st0 A: I. 
1 * i. 

4. I 

... andstar#- A ,I 
polishing th, vrln 
-1 





k that v a h  



'emc 
f a c t  

~ y o u g e t e 4 l o u g h d o l b h t ~ f o r  
a chrome-plated fow-branch manifold, 
you'll have the ultimate I&. Until then, 
r<ru can wM some c o h r  by painting the 
ahrust mniddd M rMd. The arlyl * ,i 
tMng you"ll wed is a can of high- 
temparrature paint in the cdour of your 
cWK~. We chose white becaw it looks . 
. . well it loolo white hot! 



- 
I aintinc 
brackecs 
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 always going to be an eyesore. 

Of course, ~f you have access to a rnachlne shop (or. better yet, 
awn onel), you can swap the standard brackets for one-off 
peces custom-mach~ned from b~llet But untll then, why not 
m p l y  pant some of the more promlnent pleces to mdtch your 
engtne compartment colour scheme? The only thlngs you'll need 
are some sandpaper and a can of spray pant You'll be amazed 
at the transformat~on We'll start w~th  something easy l~ke these 
two radlator brackets Then W'U kt you take ~t from there 



WJUSc7 + - 

mAalnn~- &- 
lark the position of 1 4 ,rd!$'E EE:2 What happens every time you open the bonnet and want - for the prop upper to keep it open? You grab the bonnet prop and swing it up mounting brack&. 

into position, which prevents the bonnet from crashing 
d&n onto your tools (or, more importantly, your head!). 

But what's wrong with thls pdure? Well, for starters, the bonnet can only be 
locked intaone opening angle because the bonnet prop is a fixed length, and ~ t s  
upper end must be inserted into a spec~fic hole In the bonnet that's there just for 
that purpose. Okay, fine. But have you ever wlshed that you could open the 
m e t  to the  he^@ that you want, and then just kave ~t there, at that he~ght' 
Well now you can, with the addition of an adjustable bonnet prop. And In case 
the whole angleof-open~ng thlng passes you by - they look trick, too. 

Drill the mounting bracket holes in tho 
bonnet channel. Be careful - don't Clean up the edges of 
let the drill 'pop' through and the holes with a reamer 
d i m e  the bonnet! or round file. 

I 



lnrtoll th lower 

*mer or -k. 

I 







Engin, manmgement bricr 
The on-board computer is called the Powertrain Control .Module (KM), 

Engine Control Module (ECM) or Electronic Control Unit (ECU), depending on 
the manufacturer of you car. Apparently, everyone just calling it a "computer" 
would be too easy. For purposes of this Chapter, we'll use the term ECU. The 
other parts of this "engine management system" are the information sensors, 
which monitor various functiw of the engine and send data to the ECU. Based 
on the data and the information programmed into the computer's memory, the 
ECU generates output signals to control v a r i i  engine functions via control 
relays, solenoids and other output actuators. 

The ECU is the "brain" of the electronicalkontdled fuel. ianition and 
em~ssions system, and is specifically callhated io  optmtse thep&ormance, 
emissions. fuel economy and driveability of one specific car/engine/ 
gearboxlaccessories package in one makeImodeUyear of whide. 1 
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toast, so don't try thh 
at home! 





Ef l  main relay -The EFI rnaln relay acttvates power to the fuel pump relay ( 
$;:vyL--dl% 

It a activated by the ~gn~tion swtch and suppl~es battery power to the EC 
"" a' when the switch IS in the Start or Run powhon. r 

Fud injectors - The ECU opens the fuel injectors individually. On most modern engines, the 
system is called SF1 (Sequential Fuel Injection), in which the injktors are fired sequentially 
&ing 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. 
Ignfter - The igniter triggers the proper spark advance based on 
inputs from the ECU. 
Idle Air Control (IAC) v ! - 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 Plersum Sensor vacuum switching valve (VSV) - 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. 



Cracking your - 

- -, m - . - -  . - 
The E N  in r(l didb ~ d u r e d ' s i & " e "  tho e%& =h;$tb. 
; *ability to m m b r  the engilie , . t i  m a n w e d  A&q* -. sy&hts)i* -.---4p- 9CY CSm, senars P3-+,- - - \  

, and -put actua- angLdetcct probj&' shhld thgy &cur. This 
.& d&:mc 0-,-ti a k d a i t  +#:4++e4gp3j13l J, - ; 2 : 

- - I ! /  r g g  me d,&dnostic pat OBO regf~.dr&liv ,t&et~I$ii~%tiQ% ~ q q '  -. , 
1 c aboii he performance and w n n ~ n g ~ c ~ f l h  afid act- ifi the 

en&e p n m t  system. Thh b i~aII~pblebleinf&mation mtd~ilgnosing e n g h n ~ ~ .  - 
lM EgtJ'fldon the CHECK ~ N G l ~ l r ~ h t ~ ( ~ l % d ~ ~ ~ a &  lrj'dz& L&ht)ui 
h.'darh if ifurecbgnises a c o m m i ~ f $ ~  - - A - -  - 
thi gliagnostic<cdes for the OBD systemTan be extraae&em w ECU by pugging a A 

an -&oI or ?auk reader hie ~ E ~ ~ & ~ M ~ ~ S  (DLC), vvh* il mfaly 
kcstedt ~ l ~ k r  tb kf! end of the da'sk . Y & F C _ & ~ Z ~ ~ ~ T ~ ~ ~ . J A  MI w ybu 
9odm of the data carmector~(i +  his tone)-and‘tell wu-a lot mare about the 
m e  management system of your specif&i%ake and hw -1 

On some models, the computer win spit out 
troubleshooting information by flashing lights on 
the computer itself or by having the Check Engine 

light blink out a numeric code. On some vehicles 
you can activate this protess 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) 



I Performance 



h. ..- ..- r.. tuning a rxe  car b much easier v...,. a you can 
replay a run (from a system with data-logging capability), 
compare the mutts with your spark plug examination and make 





Once y o ~ p  urdankrnd -BsldcpMpks o -  an Immd cwnbwtbn 
engine, ~ s ~ $ y t o s e e w h y a n ~ r y f t a m  physamdal role. 

~ o r ~ ~ d w h o m i g h t n e ~ d a b r b ~ r a t r a s h c r o n * ; h ; l p p e m i n s i d a t h a k ~ t ~ ,  
all madMlmgbesrun h a  ~ ( a r ~ r d c e ) r n o d e .  ~ s t a r t w i t h t h e ~ s b o l r e .  Men 
the pio0#r IS mnnlli clswn h the clllyl9Rder, creating a wcBkn that d r w  the fwllbir mbnurP in 
- h . o w n a r s k r . M e n h r p M o n n x l u r t h e b o a a d i t r m e , k r t m W u p  

again, starbing the cornemJorr - 
stroke, in Aii the vahm dose rml , 

5 - 
- - 

t hep i s tono#np~ the fucVas .  
mixhrm (whkh can't escape). This 
m a k b ? s t h e f w V a i t ~ # s p c ~  



THE FOUR-STROKE CYCLE 

INTAKE 

EXHAUST 



At  6 ,000  rpm in a fourcylinder engine, each I I l* AimF 

In a basic ignition system, the juice-path starts 
with battery voltage, which is 12 volts. The 
ignition coil then steps-up this voltage t o  1 0 , 0 0 0  I 
spark plug is ftring 3 0 0 0  times per minute, or 5 0  
tlmes per second' 

o r  more volts. I I -  
An aftermarket coil will typically step up the 1 2 V  
battery voltage to  as much as 60 ,000  volts. 

m vny high, and we potentially lethd in some 
cases. Extreme care must be taken when working 
on or wPund ignition systems. Ncwr disconnect or 
evenFaK)ranWTkadorignitkncoilwhenthe 
orgimBbNnning! 



High performance Ignition 
Vow factory @&ion sysbm does a pcrfoa)y dequate job on a conlplddy Etandard engine. In 

standasdtune,thecngkvrunsmooth, hasgoodccrmnnyandtheq3arkplugslastakng time.These 
areall signsofan efficient enginewiththe right combinationofparfsandall partsmwkhrg property, 
b u t f # t o r y i g ~ c u e n ' t w e A s u i t e d f o r ~ ~ o r ~ n a s ~ t o c r e a t e i K n e a r e d  
Cyrinder prersure. 

Higher ms put an b\aeased bad on standard ignition systems, and m o d i i i  that lead to 
bKJbascd cytk.lder pmsure can really put out the fire. If you fit highercompreakn pistons, the spark 
pkrOsnceda kt morezap b light upa mkcxrrethat.is padtedin ti- than euw. ThedwKerthe 
mixture, the harder it is fa a spark to jump the plug4 e k t d e s ,  like swimming through wet come&. 
O t h e r m a p r ~ ~ u K h a s n i t r o r r s & , ~ i n g a r t w b o d r a F O k r g a b o a e a t e m u c h  
highcylinderprasswcrandroquinxmelignitionitqmmmts. 



ignition coils 

- 



Timing 

sparkoutput-0 
engine rpm. 

d l y  when your spark ignites the cylinder% 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 
through the mixture, slowly at first and then building speed. 
This is good, because what is needed is a gradual build of 

re, not a sharp spike, which can be destmdk 
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 Bcfae Top Dead Centre. h 

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 expmbn, 
4a pmer and economy are wasted. 
To complicate the timing dixussion even further, the spark event must have a 

merent timing at different engine speeds. As engine speed goes up, there is ks time 
available for the combustion event, so the spark must occur sooner. Other facton also 
influence the correct ignition timing, such as engine load, temperature and fuel mixture. 

what's called an advance curve, an important factor in perfornynce tuning. 

F 
If you map out the amount of ignition advance on a graph related to rpm, you hawk 

Lucki, your factory ignition takes in infomution from its sensors to pmide the1 
optimum ignition timing under all conditions. The system however, is designed for normal 
driving and standard components. Once you start rnodding 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 I' 
not increase the energy level of the spark. For that you need 

$), 
- a CD (Capacit 

1 

For racing applk.#ocr5 the 1 
' 

ignition syrtam can utiIk a Jacobs Electronics makes the "Energy Pak" ignition 
"soft-W" keypad to make system, which can be set up either with the factory coil 
instant dwqes 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 
Quickhat PrOgrm~, and control that has dial-in controls for spark under acceleration) and a 10-degree start-retard 
c a n ~ r e v l i i a i u l h a s  rev-limit and retard functions for that works well for engines with high compression - an 
a built-in LED techomttar. single-stage nitrous applications. optional add-on is a nitrous control. 



Asidr frum making your engine compartment 
look cod, high-9erformance HT (high ten-) Ceads 

serve a very useful purpose. If you fit a high-voltage coil 
and keep your standard leads, yw're asking for Wbgt? to 

"leak" from the leads under bad, at high engine speeds, or 

ionit ionrvrtamr~~lpwkS 
MU) makes this di-I ignition box 
that featum bw4ep fewlimit 
conwok and an adjustable high-rpm - retardfwtionforboortedengines. 

baosted(bkwmorturbocharged)canc8tkns.~winttytofind 
the "path of least resistance' and that could be any engine earth dose 

ro one of your plug leads, 
The typical factory plug lead has a core of carbon-impregnated matefid 

surrounded by fEbreglass and rubber inurbtion, which is fine for stock 
engines. 

Most aftermarket perfonnaroc leads use a very fine spitd win wourd 
arounda magneticcoreandwrapped in sikonej#kebing,andareavdbble 
in thiier-thamtod< d i i  to handle more current flaw. Soma cats haue 
stmdd plug leads as &nny as 5 or 6 mm, Hlirik a16mnarka IesrSscwm 
in 8 mm, 8.5 mm and cven 9 mm for radng appbtkm. Good aft#malcct 
leadsaisocxrmewith~er~,whiichisimporta~sincethcbaat-~ 
plug cocrtact area is a frequent source of voltage leaking to earth. Leads in 
the 8mm range are big enough to handle the spark of most modified can, 
and the bigger leads are good for racing, but thew's no such thing as havbrg 
too much insulation on your plug leads. 

hdr* 
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Spark 
The fkrd link in the ignitbn system3 chairdummand is the 

sparkphrg.Wemayhmrementionedttliikfanbutasasothef 
ignitionma&atbadon'texpecttomakebiggainsin~by 
switchingsparkpkrgs.Oespitethewiklddmsdreamedupby 
adwrtisingapywrimauerthelastfiftyyears,theoniytimespark 
plugswill makemuchdmer~weonaroadcariswhentheengine4 
d l y  in need of a service and you fit fresh plugs. In that case, the 
q # r k p l u g s ~ l d k k r g b a d c 5 o r 1 0 k # t ~ , b u t m o s t  
aftermarket plugs can't malty make new horsepower the engine 
didn't have bafore. 

N o m h k  there an a wide variety of spark plugs out them to 
choasefmm.tfyourenginekanlym#dlymodifjed,zbklswiththe 
f ~ s p a r k p l u g s , g a p p e d ~ f i K t o c y ~ r p e c s . t f y o u  
add an increasing number of perfwmwe modificaions to your 
engine, y o u m a y ~ t o ~ w h a t t y p e o f p l ~ t o n m , a n d  
evenvvhat*ekctrodeg~isbeh 

'I 
Your first key to c)loaring the right plug is to examine the 

ones you're running currently. Close examination of spark 
plugisthewayprofcsdonsl~~tunetheirengknrs 
and detect engine pmblems in their early stages, before 
serious damage is done. Even engine b u i M  with 
s o p h i i  and -merited dyno fadl i i  still read 
the plugs a mapnifying w. 

Voucan~yourplugswithanimpemiuetoolfromacar 
#rezrory shop. It3 like a smdl torch with a magnifying g b  
on theend. We 'w 'kdudeda~char to fsparkphrp  
clwrditionsandwhatttryindkateaboutthestatoofthe 
engine-compareyour~totheonesonthechert The 
firstthiitocheckisthattheyalllodrthesame.Any~ 
in the plug reading idicates a probkm'specific to that 
cyli,andtheenginewillnecdacompWontestand 
~ewminat iontof indoutwhatfwrong. 



Assumingywhavemademodi,themostcommon 
spark plug c o n d i i  you might see would i n d i i  them 
being either too cdd 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 most operating 
c o n d i i .  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 h i  revs, with 
modified ignition timing and perhaps more fuel and more 
cylinder pmssure* that plug is no longer the right choice. 

Spark plugs are desaibed as being "hot" or "cold", 
referring to their heat range. High revs, high engine 
mymtures #Id inaeased ignition timipg or fud fkw can all 
cause a plug to run hotter. When a spark plug runs too hot 
detonation can occur, ridting serious damage to the engine. 

The compromise in spark plug heat range is bigger with a 
m o d i i  engine than something standard. Ooing everything 
we can to make more power at hqh revs, we need a cdder 
plug to handle this* but at loww speeds our fuel mixture may 
be a l i i  richer than standard, and the cokkr plugs may get 
soot fouhng cm them that inte&res with d r k W t y .  A few 
simple m& wch as a man- box, camshaft and 
induction kit will probably m i r e  a plug that is one range 
colder than the standard plug. 

One way to keep the plug compromise of a rnodifii 
engine lea of a problem is to run a performance ignition 
system, with a better coil and CD box, plus impnwed pluO 
leads. Thk should alkw the engine to run 41 at higher revs, 
and still have enough spark energy to keep the d d e r  plug 
firing deanly at the battom end. Itl; just another reason the 

of yuur standard ignition system has to be a 

T-n 

w, no - [inis. 



~wnCao spark plug - m a m a i i a m n t  of daposib on thc firing end. 

Normal cdour. causes hard 
starting In damp or cold conditionr z y F w  a 

e:: 
A*' 

7 - PIw 
Y ~ u r  rpark i.lluar -0 tell? -bmba*npi.. 

tooEong.Rapbccwithnaw I r M r y  m b o U t  , :I J flur d t k  - r a w .  
yow rnglns is runniiig + 

Followthe r a ~ ~ m m c n d ~ d  
-I h~-. maintenance schedule. 

- - I 

Normal TOO hot 
S Elkwed, white 

-: Brown to greyish-brown colour and im- *.moa nd 
$fight electrode war. CW& heat range for at~ence of d e p ~ ~ & ~ .  R ~ L  in 

engine and operating conditions. shommd plug r i .  
-checkfor 

R.oomnnndrtion: When n w  spark plugs are - phrg b a t  rmgc, 
needed, replace with plugs of the same heat OVW- i g n i  timing, 

--H lean fuel mixture, intake range. L ~ i f d d  vacuum leaks, 



Pro-igni~ion High-speed Detonation Mechanical 
Cpinkingl glazing 7 Insubtorsmy damage 
7- S m  InsuktW has 

be cracked or chipped. May be caused by 
ekctrodcr. Insulators m yellawih, appearance. l m P f m  rrtting a foreign object in the 
white, but may k dirty due to I n d W  that comkatkn techniques can also result in a ch.mkr or tb 

f r m d  tip. a n  pkton mikkrg m i m  mmrkyl or RyiW - in th. - tmpcr- 
I& to ,.&,,,, da-, combustion chamber. CIII lead risen suddenly during M reach (too long) plug. Causes a 

to engine damage. ~ k a t h . ~ 0 m u l ~  kconnwnQtkm Wke daad cylinder and could result 
r ,mh melttoformacanducthra sure the fuel aMHtnodr values in piston damage. 
the correct plug heat range, coaing- 0- mlsfking meet engine requiramcntr. Ikc#mmdrtkn: Repair 

avarjdvanad ignition timing, hbh -- Wcarewhensettingthe the mechanical damage. 
l e m  fuel mixture, inruffkient Fit new an new Remove thc foreign object 
engine d i n g  a d  lack of phqs. ~ ~ l s i d c r  using a c o k  labwring * mm. from the engine endlor instali 

lubrkation. plug if driving habits warrant the correct reach plug. 



Your standard intmke system is like 
going through life with a hemd cold 



Induction 
basics 

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



I 

Induction i 

systems 
If you take a dose look at most standard air intake 
system, it's a wonder the engine gets enough fresh air to 
run at all1 In the intake tract, the engineers have their first 
prioritytodevdopwnoath,dMMepowerwithmaximwn 
fuel economy and driveabili. Performance is far from 
their minds. 

A further priority faced by factory engineers, and this 
applies to eqimering on all aspects of production car 
design, is NVH, w h i  stands for Noise, Vibration and 
Harshness. As most owners want their cars to be as quiet 
and smooth as possible, the engineers are inmasingly 
chdlenged. How does this affect w r  induction syrtcm? 
Take a look at the standard induction path. If yau folkw 
the airflow fm outside the car to vvtrere the intake 

manifold bolts to the cylinder head, you'll see a tortuous roadmap with more twkts and 
turns than arat mazeexperhntatthexhodxiencefair. 

The standard inkt bringing air into the air filter housing (the beg~nnit?g of the air intake 
attempts to get sane sort of cod air in, but the factory pbys it very safe in 

hoping to fend off c u s t m  problems if any dirt or water wwe to get 
air filter housing, the air may have to pass by plastic baffles 

to t)w baot. Best place for-it.. r I airfbvv wual)y goes through a "clormgaed" RexiMc tube and 
coMlectstothethrottkbody. If you're lucky, thatubehasonlyone bend 
in it on your car, but some vehicles haw several. The flemiMe tubing used 
isdes lgnedmorefor~ thansmo&,umest r ic teddr fbw.  
meribsbrsidetheplastictubing~ydampcnndse,buttheyllestricZhigh- 

the air intake for your engine, you have basically three 

Your first and simplest knprowment to ywr inductkm is to step up 
and pay the pricefora p a d  air f i b l  togoinsklethertanclaFd 
airbox. If the car has a decent fib box design, just changing to a 
quality aftemwket air filter can be worth a few kmpwef. 
The next step ij a performance induction kit that will nplace the 
sta& plastic tubing and air filter hwsing. This kii will come with its 
awn pleated-cotton, high-fkw f i i .  So if you're serious about 
adding power to your engine, go for the induction kit option 
straight away. They also sound superb. Whkh is nice. 
Step three would involve more serious modifications, in addition to 
the induction kit If you really need some air, look to impmemnts 
in the throttle body and intake manifold on the engine. 

- - 

, i ~thisC~cngine,theSrrndmlJrtwxhrgone. 
r + p l d  by an inducakn kit. brgadauby, thc standard 
inlet.kpiC#(A)hsrkacrratdnrd,Bnly~awirrud 

6 t 6 a i m e a k a t t h c f i ~ , m ~ m e t k r d b k  i $ I I I P I r d i - i c ! ! i 2  L I ~  - . S  

~ r a ~ ~ $ ~ # r s @ . . Y @ C Y I ~ Q I @ & d s l S i ; d P ! ! 2 k r  IZ 



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. 

ram 
intakes 

Performance air intakes are generally available in two basic 
forms, the "short ram" induction kit and the "cold-air'' intake. 
In each type, the aftermarket manufacturer has tried to design 
a free-flowing intake without any regard to engine noise. 
Virtually all are made of metal tubing, generally aluminum, 
with the smoothest possible bends and an interior that has a 
larger cross-section than the stock system. All types are fitted 
with a high-flow filter, usually in a conical configuration. The 
best designs are not only capable of flowing more air volume, 
but maintain a higher air velocity than a stock system. 

The least expensive and easiest intakes to install are the short 
ram types. You'll spend longer getting the stock air filter box 
and inlet tube out than installing the short ram. If you have any 

Sonw kib 
comewitha 
W-loolting 
shmbnd 
-damw - thk 
m k a a p t k  
hot& 
ndkting 
fromthe 
m r m o y  
fromttm 
filter. 



f.F1 
How to I 

I i d  Our kit came with all the n t r - ~ ~  rlolunr-le for installation 
Looks great - nothing standard-looking about this. 

dwbts about removing the standard bits, axwdt the 
Haynes repair msnud for your car. On wwna cars, the 
airflow sensor is located on the air intake, and must be 1 nmrd,mennRt*donthe-m.- 
cars dso h a hose connecting the d c a s e  (usually at 
the valwe unfed to the air intake, and the standard hose 
may need to be hrtened to connect to the aftermarket 
pipe, or a new, longer hose must be used. induction kits 
pbce the new filter nlatively dose to the engine, and 
mcrdihicadions to the engine or body are rarely necessary. 
Most induction kit instalk take only a halfhour and may be 
goodfor4t08honepower,~depending0ntheapplicaion - and they suund exdent. 

~oftheupriOMmourthrpofthethrottkbodyonthb 
dngkom rpgliatbb rven 8 'long' n m  p@e stilk maunts the 
fittarkrskktheengkncompMmrnt-thedwrpkndmuthc 
throttkbodyisthe~darkmnttorkflowhm. 

Fit t h ~  dl- 





... andthehose W Follow the manufacturer's instructions for mounting the 
t intake tube support bracket, keep that metal pipe away 1 tllrottle body, framthoKbatteryconnactionr,orthingsundcrthcbwnt 

-- will get even livelier thbn youFplenm'- - - 4 * 

II - 1 .  - .  C 4--dbB 
a 4 

f , 

I 



~ n _ n k , y ~ p i c k l +  - 
c&&r under-ur air - thbw 
t ~ a t i o n ~ o n  ,a Ford Focus 
l p ~ i k c !  sIpT+rarn, but 
t t l e * ~ , ~ ' ~  

t tkkbttar~: bo2;md gets . Y 
When a the Uadr for 
dragsttip rum. the filter car 
kmmouadandepiperun 
out90thefrontofthecar' 
t o p k k u ~ M g h - d * -  
onmortHondrs,thismem 
-lyrsmoving* 
right hwdlight such as on 
thk cw when tha owner , 

taw a plait f~n"el anto 



When a gulp of water 
m a n  be a very bad thing 
Don't get too cute about where you 
nut the air filter Fmp*%; 

When a long a l d  air induction pipe 
mountrthefi)tMdOwnlowontheur, 
there's possibility water could get intc 
the aknow when driving through a 
big puddle, causing engine damage - 
an air bypass valve (arrow) a n  be 
installed in the piping to prevent 

Thc MM bypass valve nranar air 

keep dry air flowing, even if the filter 
is dogged with water - such vahm can 

genetrally be used only on nomwlly- - aspirated (not superiharged or turbocharged) 

Wicked sir m m -  
Once you have an improved intake system fitted, there are 
other improvements you can make to the intake system to 
flow more air. Everything that's between the cold air pipe 
and the intake port on your cylinder head also contrds the 
airflow - once you start modding your engine and need more 
airflow, these other parts become the still-restricted 
limitation on how much air you can get into the engine. 

If you've changed cams or ported the head, etc, then you 
may need to increase the airflow allowed by your standard 
throtde body. As we mentioned in previous chapters, all your 
engine moditions have to be chosen to work with each 
other as a system. You don't want only one or two parts 
making high-rpm power if the rest of the components are 
going to restrict that effort. Mind you, it does no good to 

If you've modified the engine 
enough, you might need a 

the inside diameter of the 
old throttle bore 
before 
shoppino for 
a newom, 
and danr 
make a leap in bore I 
size unless the mmufrctwcr , 
of your turbo or nitraus kit etc, I 
ncommcnd, it. 

An dd trick is to "portmatch" the manifold to the cylinder 
head. If you look st the cylinder head mounting surface of 
the and compare its ports to that o f  the intake 
manifold gasket, you'll invariably see mat me ports In Me I gasket are dightly bigger than the ports in the manifold or 
the haad. Remove your intake manifold and mount it in a 
vice with the ports facing up. Uamp a new gasket on the 
manifold, with the gasket perfectly aligned over the 
mounting bolt hob. Now &be a line imide the gasket 
ports onto the manifold. 
Take the gasket off and use a small electric or air- 
pornred die grinder (eg a Drcmd) 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 gentty blend the new port 
size back up into the ports on the manifold as far as you 
con, to knprovc the trwrsitiocl for the incoming air. ldealty, 

the cylinder head should be treated 
similarly to match the gasket, but you 
can wait until you have some otlw 
rewon to pull off the head. 



mtall a h i i f l a w  #wnponent in one area of the cngbw, such ab a big 
throttkbody,unlessywcanrunathighcrrevs.Donreventhkrk 
aboutchangingthrotdebodicruntilyou'veremovedall~in 
the exhwst sidc of the engine. 

Throttk bodies an availaMc in varkus sizes, usually only differing 
from the standard units in the main throttk bore diameter. 

tfyounisamiklengineandthereareseveralstepsin throttkbody 
sizeaMibWe, don'tjust buythe biggestonernade, even if it ksupe!r- 
trick red-adbd dwniniwn. Play it safe and buy the sme#ert 
hawse over stardard, wdcss you instdl a big throttle body at the 
same time that you make other major engine ctmges. tf you fit a too- 
kg throttle body row. and don't make yaw other modifkakns until 
mudrlater,themperiodMfh.ldyouwithakw-rpmdog(and 
we dm man that in a good wq). 

tfyoudofita kgerthrottkbody, remuueyowintakemanifoldand 
havethethroatkbodyopenhginthernanifdd~tothesame 

'Type R" thmttk body if it3 rsstrkkd by a adlcr, stand#d-rhcd 
hok at the manifold. 

fWng a throttle body isn't too co@btd. A good aftrmarket 
u n i t w i R ~ w i t h d c n r ~ . C a n M ) y m a r l c d l t h e h a x s a n d  
wimonyourttandardthrottkbodywithrmkhgtapeanda 
~penwyarcancw#wathemdltotherightpbcesonthe 
n @ w f h C O f f k ~ S o m c a ~ s ~ h o t ~ ~ ~ t o t h e  
throttlebody,inwhidrcawyoumrrstwdtuntiltheengincis 
ampktdy 4 and damaoff those tuxes before disconnecting 
them.VoudsohavetodixamathethrattkIkrkage,andonsome 
c#s.thecntkecontrdortranrmission~aswe(l.Onmostws, 
thett lmlebodyis~totheMdrtnr#l i fddwithfowbdtr.  
andsometimesitisn'teasytoge2atdlthebdts.Takeyow 
time, and if fdkw a Haynes repair 
manual for your cw. 

-niaoyyounrlOM 
madmanrohrmabl~g~ 
insllccpkrwm-terrarm --- 
~ t p # r r + W m C l w &  

Th~s Holley b~llet-alum~n~um throttle @@ 
body for Hondas accepts all the md*-*-lb. 

Here's a billet-a~umlnlum aftermarket throttle body fttted on *anbrd wiring ad Numbjog, and is a likl;lr -,- 
a thoroughly-mod~fied Honda VTEC appllcat~on ava~lrbk ~n 62mm and 68mm bore, vdunr-ww 

In tmkm m m n h l d m  
Tbfidcomponeminpurintakesystemkthe 

~ m a n i C d d c h s t o o M l e c t s t h t ~ ~  
tothecybnderhead. lhis isthstbstsdm 
of the axMrior intake d h .  If pu#ve made 
the kind of mods that necensitato a loqp 
th- body, then an improved intake is 

probab)yentheagwrdpioo. 
I n W r % m n i f d d s 4 1 ~ ! ~ f o r ~ k v d r Q f  

r ~ p m b a b l y a Q O O d d e ~ t g n f a n m n a l ~ ~ n g . I b c k q a  
performance intake mnifdd, irwpasedL siifkw volume and 

h v a D d h ~ * B l h l u n ~ r * h h * M J ( h d l * - . ~  - - * a * b * a .  

* ~maHdd~beanthrtcanbmd(hcnghtsiseparts,  
.M ,dgMkQthd,,,, , , , , ,M, -*MM@- 

s o ; ~ ~ ~ m . . W o n m a u n a , . ,  
a n r t h e ~ t s f u d W  
&&.# ~Wddltj? 
+ a *  4 c a 2  





Fuel prtasureb.- 
- -  

An adjustable fuel pressure regulator is probably the fim radiation for your fuel system. The 
aftermarket units are a direct bolt- for the standard regulator. with the same vacuum connection, 
but feature an adjuster screw on top. Loosening or tqhten~ng the adjuster will change the fuel 
system pressure. Once you start playing with your fuel system, you must haw a reliable way to 
measure the fuel pressure, which usually means installing a 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 pbce of the khrader 
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 different driving conditions without 
having to use a dyno, but a fuel gauge and fuel line inside the cockpit is patentially dangerous. A 
problem with the gauge or the pressurised line supplying it could leave you with a faceful of fuel. 

When you increase the fuel pressure in your fuel injection system, you're putting a greater load 
on the injeaors themselves. Too much fuel pressure will shorten the life of the injectors. Experts tell 
us that for road cars with mild M-on modifications, you shouldn't raise the factory fuel pressure 
much more than 10%. On a whide 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 to the fuel tank. Too much pressure without a 
bypass regulator could cause the pump(s) lo fail. Also, use only high-pressure-rated metal or decent braided - .-z<*-' *- *' 

hoses in a high-pressure system to avoid possible fuel line rupture. 
Without your own d i n g  road to examine your engine under all cond~tions, espeaally under load at full- 

throttle, you have to tune fuelling by feel and by ear. If you 
help a lot because they know what's worked on engines like 
will be "doggy" at the bottom end, and you'll be bogging down every time you pull away wrth 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 .' *, ,. ' -' . .,- 
" .  'TI 

road (driien by the car's wheels under load). You can also learn something from your friends - see whai 
they've done and learn from their mistakes. -.- - 

. 
- ,  > - 



working 
with fuel 

be a 
Brous 

* One method is to pull 
the fuse that mtrok 
ysur pump and fun 
the engin until it cuts 
out for lack of fwl. 
After rdieving the fod 
presur@, be sure to 
chxonmd the table 
from the negatbe 
temnnd of the battery. 
PuKhaseaHayMsRepaK 
Manual for pur  specific 
- b q g r t v  
mformabon on safely 
r d i  fud pressure 
and workmy on fuel 
svstem componenrs. 





.rrs 
VowkKingbbckIcnl 
filtercankmpkad 
wRhamcwa8muthfe 

~ u e l h y s  housing llke thb 
wbmAWllwhkh 
-a- * 
brrlrman( 
~ 3 l ~  

4 
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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 modifications in 

the future. Honepawef can be a d d i l  The typical agermarket fuel rail is machined to bolt onto your 

-k - 4  
standard engine with minimatirouble. The man advantage, beside looks, is that-fi can M i  a greater 

$*,, volume of fuel %ause the main internah$assage is bigger. 



Motley offers billet 
fuel nib in four coloun 

Anaftmmkafuelnil bacommonfwl 
~ ~ i f l c r t k n , f o r ~ o o d l o o l r r w d t h c  
abilitytofkmrmonfudvdurnfor 
modifknlmginar-thrtypkrlm- 
alumlnlum nil accepts a furl gwrg. rrrd a 
ragcaffudmmmnguktorr.  

Fuel pumps 
With the bigger enqine modifications. vour . ,-- 
standard fuel pump may not be able to supply 
enough volume or pressure. In most modern cars. 

I the electric fuel pump is mounted in the fuel tank, 
usually in an assembly that includes a filter and the 
fuel level sending unit. With these other 
components connected to the fuel pump, and the 
number of hoses and electrical connectors attached 
there at the top of the tank, not everyone wants to 

subst~tute another pump for the tn-tank un~t 
Most tuners In need of extra fuel 

pressure use an extra fuel pump as a 
booster, leavlng the stock pump in the 

tank. Racers often use two bta 
d 

' r  ;. ; aftermarket electric pumps just 
' outside the fuel tank. Electric fuel 
pumps are des~gned to push fuel 
rather than pull it, so generally they 

When 
you have fuel 
mureneedsthat 
90 up with high 
-andboortyou 
a n  increase Raw 
with W s  fuel 
pwnpboorter-it 
~ f n - v o h l e  
to pw in-tank 

should be mounted near the rear of the 
car, dose to the fuel tank, but as long as 

your in-tank pump is in good shape, an 
d f t ~ a r k e t  booster pump can be installed 1 
almost anywhere in the line up to the 
engine, and is more than enough fuel 
sup& for a road car. It can be fitted under 
the car, as long as it's safely away from hot 
exhaust components or moving suspension 
parts, and is tucked up high enough that it 
can't be damaged by road debris. Some 
modified applications have the extra pump 
in the engine compartment. 

I 
. . 

and can be varied 
from 1.5 to 22 extra 
vdts o w  a range 
of 5 to 30 psi. - 

Far higher horsepower 
engines with power 
adders, H O I I ~ ~  line of 
direct-redacement - .  

high-flow fuel pumps - 4 are available fmm 190 
litres-per-hour to 255 
Iph (enough to supply 
an 800 bhp engine). 



d#kurthefw)qnaam 
pmwe,markrnd 
-t)nfudm 

~ r d h o r a r l h a n r e r n m t h s  
~ p u n q , a a R a J l J y @ - w 3  
mm or nuts. a 

--* * * *- '1 
-+ r 
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An a i r W  ratio 
monitor~~wyou 
What'sOohrgonindck 
your engine in both 
m n r o m y d w  
modes - thk one from 
KIN hasten LEO llghb 
irrdiffarantcdoun 
-corrarpond* 
d i i A I F m t k S .  
a c o r n  with i ts OUWI 
oxygcnsanrorthaun 
be used with almost 
any fwl (indudkrg 
akohd) dimel, 
nitromahrnr or 
leaded fuek. 

Test and tune 
The oxygen sensor in your cat-equ~pped car has a limited range of alr/fuel ratios it can 
act upon, since rt's deugned to be senscttw only tn the range of the standard car, with 
all ong~nal equipment in place. Once you start mod~fylng your engine, erpeclally the 
fuel system, the oxygen sensor an't golng to be able to act properly and keep the 
englne in the "normal" airlfuel ratto range. 

Htghly accurate air/fuel meters are used by pro racers, but are extremely expemlve 
A few more-affordable aftermarket sensors and dash-mounted meters are available 
that can be used to study your fuel needs. They feature a row of LED lights that 
correspond to d~fferent atrtfud ratios, and whtle you drtve you can see what range 
you're In under d~fferent cond~t~ons. 

If you do go to a pggyback e n g t n e m a m t  box added to your standard ECU. 
or go all the way and have a stand-alone aftermarket system, a laptop K can be used 
to monnor your engine as you d m  (wth a mate dong to hold and watch the 
computer while yw focus on dmng - of cowse), and you can make changes to 
varlow parts of the fwl  curve 

As mentioned In premx~ Chapters. you have to learn to "read" your car's 
drlwabillty and performance. When yw know your engine Ins& and wt, y w  can 
better evaluate each new modrf~atbn d how the car behaves d~fferently than 
before the modtf~catm. We ahvays recmrnend keepng track of your engtne by 
checklng the spark plug as an ~ndicatron of what's going on tns~& the combustton 
chamber Compare your plugs mth the spark plug condttlon chart In the Ign~tron 

ystems Chapter to evaluate your engine conditions. 
It's vitally important to catch the early I slgns of detonation before engine 

Internal part. are damaged 

I -4 4t- 

A fuel computer can be added to your system to 
display airffuel ratios and make adjustments - the 

VAFC fuel computer from A'PEXi can adjust fuel ratio v 
for both the low-lobe and high-lobe modes of a Honda 

VTEC engine. 



FI 11 ir ' 
1 replacement - 

Fuel injectors I 
T;d~iyouhowtoctmoseasetofhii-fbwf~injectm I 

could t a b  up a huge chunk of thk book by itself. Them0 a kt 
ofsciencetodroasingthcrQhtsetandalittlebitofmar 
wdl.We71ghreyousomeofthebasics,butdonZ~dlof 
yourquestbmto beanswered here. It'll takeanexpedmd 
tuner working with a dyne and pknty of instrumentation to 
really make a good sekction for you. 

Andectron~fudkrjcdwperfomanamazingjobwhenyou 

I 
think about it Under c#rdderabk fuel pmswe, it must open, 
squirt wrd dwe in a matter of mill-. At high revs, the 
bjecW3 wuMg overhkne to keep up with the engine's 
deman&.Hawnwdrhralgetsintotheenginedependsonthe 
physicd size of the injecbr, how quick it can respond, and haw 
t o w i t ~ y s o p c n . ~ i g ~ ~ k m o r e ~ , a n d a n  
injector that is toldtosteyopen kngerwillalrofkwrnorefud. 

Thepartsofyowcnginem#ragementsptemthatcontrdthe 
injector operation are c a m  "driwm". Your stilndard drirms an 
desjgnsdforthe~fuelsystem,andraisingthefuel 
~0rdrangingtobrgerinjectorscanleavethecDmQutef 
0u to fcabWion .Ybucarmayhare the~pawnyw 
necd, but fuel economy k going togo down and theak/Cud 
ratio at krww speeds k going to be too rich, causing sluggish 
p c r f o r m a n c p . ~ s e k t i o n i s d w a y s a ~ , ~  
it3 a perfectly sbndard car, or a perfectly taaeon)y machine 
that's been tuned and tested with a stand-akme fud 
m a n a O a m r m t ~ f w h i g h - r p m o p e r a t i o n o n l y . ~ ~ ~ w a y s ,  
itSeaslertofindttya#n#nation h a  raceengine, kcar&e 
~ R p , m l d 3 o a l l r d ~ ~ o r ~  1 aren't hpomnt. 

L 
After relieving tne WI pressure and dkumnscting the bm#K - I c i i i  th. e w  ' 3 " f i o r n  the inieaommrn 

j-bst pull on the plug - thi@iff% abit delicate. 
I T 



r you're simply fEtting your standard 
with new seals, or fitting high-flow 
ance items, the procedure is essenti 

Injector removal and refitting is very 
ne car to the next, though there's n 
ing the right Haynes manual for your car. 

-* . . . then carefully wiggle a 
pull on the rail until the 

- ' b o w  the fuel nil a n  freed. No ~ ~ i ~ ~ ~ f u e l r a H - o n t w t ~ n  
mounting nuts or mat force S~OUM be 

A bob. . .  h. medd ' ~ r  thh. h n @ s t r a i g h t h t a n b u t o n = t ~ # l a v ~ f e ~ b  ah 



I Deep brerthina A 

I 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 I 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. 



grm 
("vamkc Pulleys-) Mkethrrs 
frornAEMdlaryouto (1 
adjust amhaft tim&lg to 
Iuittheothertrning 
-ywm 
mrdcorplnto-IOHC 
engina,ur#r#u#om 
g s w , m m t W m u e r  
wclomo=mgk# 
h m o n t y o m g n r - t h r  
othercmbeingcMvmbyr 
gearordubrfrOmthr 
crmrhrf(withthrrpr#keQ. 

r- Aftermarkeg '(am -a are generally made of alurninium, with 
colour papie or sihar, and can W n l y  add 
to the *-'- C O m P a m  e b  

b~ when 
L - "BeMI of cosrd'uwted colows. 

Unfortunately, in order for anyone to see your cod cam gears you 

The only m m  with leaving the timing belt cover off Is that 
stuff can get into the "beltway" and cause serious ptoblems. If you 
h a p p e n ~ a s o c k e t o r ~ i a k e d c w n ~ w h e n  
working an %rk engine and tkwtaWthe engine up, you could 
toast t~&& mt~. oops.' 

Anything that gets caught up in the be& can cause it to shred or 
come off the sprockets or temioner, and either situation on a , 
when the piston comer up. When this happens in a split second, 

! 
running engine means that some of the valves are going to be open , 
v a k  andlor pistons are going to be datmyed. But we know you'll 
leave the cawlr off anyway. hm be careful. i 

Aftermarket cam gears look cool and racy, but the only potential j 
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 xak 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 

are obvious candidates for vernier cam gears, although almost any 
engine can benefit from a little cam tuning. If your qMer head 

i 
turbocharger), high-compression pistons or aftermarket camshafts I 

has been milled at a machine shop, either to grin extra 1 



I ne adjustable gear is two-piece, so the bolts can bc~ loormcd and the relationship between the inner section on 
the camshaft and the outer section conmcted to the timing bclt can k advanced or retarded. Good oms like this 
AEM 7rwTime" gear are machined of Mlkt aluminium a d  feature very dearly engraved timing marks. 

ampression or because the head was warped from a &m desig~ "road" or 'rally/race." Themore owrtap - 4  

overheating, you may need' adjustable cam gears there is, theb&er the engine *ll run at hi&& rpm, but ' 
because milling the head brings the camshafts closer to the bottomend will suffer some. Most twincam Honda 

. . d  1 m L -  

I 



RobrMynovalnminAlodlfiatknk 
asimporbnt.rgaod.fl#nurM 
vahrprkrg,thataresbwrgmOugh 
notto"fkit'or'~=thevdnr 
at high e n g l n e ~ - ~ ' U b  
Rev" rprjw- daignad IpcKiRully 
forhiahrpmandhigh-boootforod. 
-m- J 

Valveu: more is better 
To oversimplify, more valves mean more usable power. The 
standard for modern high-performance engines is four valves 
per cylinder. But why can't you just use two valves per cylinder, 
and make them really big? This is where nerds will tell you 
about fluid dynamics and port velocity. Boiling it down, small 
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) valves 
per cylinder - on these cars, low-rpm driveability isn't very 
important! 

s rnen~bef&e~~i ,mper  aftmmrket h e  springs are a 
ritical companent of your modified engine if you hope to run 
igher revs and have the engine survive. The valve springs 

don't make anyhumpaw, but can be considered 
At higk m, the are spinning at a high 

wed, faking t)rr? valves to open really fast. The only things 

I 
wt keep the m b s  following the camshaft are the springs. 

I Vdve fbat or bounce occurs when, at hrgh revs, the valves are 
trying to more so fast that they momentarily. "float" away 
from the camshaft or rocker arm lobes. If they float away 
when the piston is up, damage to someth~ng a mewtable. 

g F  Two facton can keep the valves from fbttng - the strength )gI I )  I) I) dthewke~ndtheweghtof i tas in thevdvet ra in ,  
such as the vdves, keepers and retainerr. Stronger, 
ddannaslteo~EQtingsareanimpwtmtupgradeforany 
m g i n e . ~ ~ ~ k e e p t h e w l v e s f ~ t h e  
mwhft - at high w. 

Radocing the weight of the vakrs Frain items (such as with 
titardwnretainers)iranotherwaytolesbentheonsetofvahre 
fbet 



rhaftm . I .. . 

aftb&of(ty~pllysinm'&n& 
an engihe, It det&mitmSheiwhm, when d'liow much I 
of anything that goes into and out of the engine. This is 

w cam or twor I 
1 AUengms~natkastanccamhafttoaawtt 

the vdves. On Sb.rgk Ovamcad Camshaft (SOHC) 
enginas* the UndrahdoesdwbMtdyin opaning 
both the intake and exhaust v a h .  DmbJe 
OvcrHead Camshaft ( O W )  engines use one 
camshaft for the intake vaker and one for the 
exhaust values. The general rule is that U)HC 
~ r r s e t w o ~ p e r o j l i n d a r ( o n e m * o n e  

I exhaust)andWHCengtneshavcfowvakarpar 
~ ( t w o o f e a c h ) . t h a & a r e m a n y ~  
tothiinJe,ands0memodwnengineshavefow 

I VahfeJSper~inderwithonlyonecanrshaft. 



dur-m and ovwtap andmake its power from 5000 to 8000 rpm. 
. Tht Wer th~ern-~* worse the idle, lowend performance 
ant!'hd e@&ny &'$kg-& be, but the mom topscrd horsepower 
pu*'msbe. After the Stage 3 cam, w h i i  k usually a serious 
raceW!y item, the cam profib are mxtly for racing. 

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

When buying a performance carrrshsft and k i  there is ahways 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 

Going overboard can mean 
normal traffic. Relate the cam c 

you've skimmed the cylinder h e $ ~ o ~ @ t J ~ e ~ e t , p k t o n  
Usuallv the Staae 1 # 2aamS an Ofk~fb-il rtandd emhe, k. 
check 'the 
hike ylri[ur 

- - -  ' ,  - . _ I  ' 1  . 



Cylinder heads 
and pistons 

Thcylkkhaocl, ormply 'head", kon topof 
t b ~ - ~ h e a d ~ t h e a n s a b o v e t h e  
~ r s e t h s l & B o n g e s d o n i r d w h e f l ~  
@Wn~travdup.TheWisako wherethe 
~miffbreent#5theengineande3duust  
4 B l i t S . k Q ~ , t h e ~ a r r d ~ ~ i n  
~hssd~penatpAedsetknas,oontrdledhy~ 
cambfw- 

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 
valw 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 valw head, and 
into the combustion chamber. This improves the flow 
at low-lift and is not as expensive as porting. 

- n 
m - 
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W i t h t h e ~ k e y s t a p p d a U  I 77 ~ v m y ~ t h a , m y m y s a t h .  
newamsyou~nowntthecam 

Qmt-hnwY*m-3-wa'fl 
sing r pair of adjustable gears. 

Ifyoudonrhaverdegmewhnlto.tUch 
tothectwrk,me8Ruethedmrmfwenceof 
the wlbr and divEdc bv 360 (as in 360 



WhanwerotrtatheuankmdwaShthadbl 

o*oso-inch, Mid, is 'the point 
give you timing spec for - our 

ation of dqreeing the arm). 

' I  --. '*<, 
A:&; A 

All timed and ready to go, we couldn't wait to put thc valve 
cover and other pkms bKk on - our angine already h8d a 

- mMlMddandinductlonkit,rathe~arwumswmjuft 
whatnrtnccdt~addal i#kmon' Ir i tmtoour~~- 
midratye was good, and dm vreL was even bWw. 



-- can appear to be a miracle or a 
ce. It's a fact that nitrous oxide (N20) 

!apest way to gain serious horsepower 
rt, just like in children's fairy tales, you court disaster 
:he rules that come with the magic potion. I 

Nitrousoocidc isan 
odoulrlerr, cdok4rkss gas 

M conks oxygen that allows 
yaw mgins to burn extra 
~ . ~ y o u i s l j l K t  
~ d ~ ~ i d e w r d a c ( & o l a t  
tbmmetimcsndinthe 
prqm p q m t h s  at full 
~ , y w 7 1 ~ a k i c k i n  

Y thb&tarifyarwwl;e 
instantly driving a car with 
m ~ ~ ~ ~ & i g !  D L 

dl' 
CvrMlyusrdd 
twwd, a nitrous 

oPacbsystemkthr --- 
pound.bposryou -'- 

l ob  



Nitrous kits 



fwltogowiththenitrousthestand#d~tuelpraosurab 
n i s a d d u i n g l h e ~ O a j o d d n i b r w s u u g a , n d  
r * m r t s w t o t h e s t a n d d f u d ~ m J I o ( l r r ~  
oonditknr. 

f k ' m O ' ~ d n i a # r s v r i l h u c ~ ~ n i Q a a  
andfud,bgthd~snharcdm~thcn#r#lsgtrm 
b ~ . n # f w l n d n i t r w s i n a d m p b g a a n a n ?  
p l u m k d i n t r D a s h g k i ~ t h a t m ~ t h e t w o , t h c f w l  
and baddhr. asthey enter the erghe. More raphSsaicabcd 
waqntamrmayhmean NzOnanlcforem3cylindardthe 
e n g i n Q a n d o n a a r m a r r f r r c l n o n d c r ~ ~ ~ . t n  
~ r a a h q a p 9 l r c a i o r r r , h r & i d w l l y f c c d i n ( l ~  

cyUndrr dkws for tuning each cylinder separately f a  fine 
uJntml.tha~ncrrdaakomeanthenbempksup@yof 
n i t r a a a n d f u d f o r v a c y ~ k r s t d l t t i o r a .  

~ # e d c o r t t o f ' k l k # d w h W l a " a n R ; I I M a a s ~  
k;lturasonmoffofthcnkiuuskbonthemarkettaby.Then 
a m w r y i n p ~ o f n o n l e S ~ a l r c t r # l i c m u o b t h r t  
wwLwithpuf#toryKUto~#l t ro l t imingandfwl~  
optkMlbattla~bottkrmrman,lamatrsltt~t-affwlves 
f o r t h c b o t t k . K U m ( r e c C m 4 a d 9 t h e t p u N  
b # t r t h e ~ t i m i n g l m d e r ~ u s c , a f l d " s t a g e d ~  
nitrous kits that ddkcr 8 attain anwnt during initial tdrtan, 
thmallttlemae,andtheWbhstforthctopend. 

h Mlmmabl- - e m  

In 'wet' sptems, the nYtrour ncuk (arrow) can muc 
mdrpnyboth t rn lmdnwwr~ the~ .  
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Installations 
Balancing function with style 

~ v t h e ~ ~ c n w ~ t h c k i t f o r s p a d d k s 6 E p a m c ~ d ~ ~ ~ ~  
a ly  rnounlsd h theboutd~carasttwfirststep. Ybur kit m a d a c W W ~  
# I I y o u h a n r t o m I t l h W , v v N r h ~ k ~ a a w t e i n w w ~ ~  
k r a c d e d u n . % ~ b b r u n f r u n t h e ~ ~ a o h r m g k w  

intbbtShs#l,amuted~thecar.IfpubdrcIhe 
W a y ~ m W I ~ ~ k Q e p k g t h c ~ l i n e ~  

I 
4fmdarwdar*manlthmughaWCPhvayr p 

~ f u r t ! b ~ a n d ~ i t  

n a cool day at the track, 
competitors often remove the 
battle and keep it in the sun 
until it's warmed up enough to 
provide the necessary pressure, 
too low a pressure and you'll 
run rich and not make as muck 
power - too much pressure an4 
you run lean and perhaps hurt' -. 
the engine. 



Detonation 
-m- - I 
whenrrsingnitmm. 
he'd find that 
chmwthlw* I 
culprit h dwgr 

i s  I 
h*pr rsapp  
a d  tempmum in 
ttrecomkrsti#r 
-*w 
e n O u g h t 0 ~  
-krming ,;. " 
dthefwAWFRiX. - 

MaPttun~llhf)EllgfrazZcausesth@diesonationm 
~ u p ~ a n d p s t o n s . d h s m m e r s a t t h e r o d s  
dndbeanngs.nPe~dnitrousajcidccbcsnQt 
w t o m a t i c a l ) r ~ y o u l l ~ e c k t o n a t i o n , ~  
euw, Hlhen using teamat& amounts d "juice' dl 
cmditkmin themginemust be nghttotdrefdl 
dwntageofdhispcwmddwmengin-. 

knQlPaMEeapofanitrowsm(otherwiseknawn 
as * P ) ( O t ~ - ) ,  ~ a r t o f * ~ c a u s e s o J  
detarablon 6magc. Even mih-road kits nqLaire the 
hqhest~pumpfdyoucanget . l fyew're ina 
si tuat ion~you'~fodtobuyluwmxmestuff ,  
*docr'tuseyow~suntilyau~~sethecheaper 
hrdrrpandgztvrmcgcdRuffapain,armryafav 
b a t t k s o f o c t a M ~ i n ~ b o a t . M m d c e s u r @  
thc~cloe!m'tmntainlead. 

O a a n e m q u i c e m e M i s c ~ ~ ~ l l y ~ n g  
e ~ g a s " . F o r * d y o u k r d r y e n o u g h t a ~  
~ J @ n q m t n l a c h i n c s , ~ ~ t i n ) a p a n ,  
p w n p t u d h a m u c h ~ ~ , a n d t M r ~  
h i a u e ~ ~ t h i i n a ~ s . W i a 1 0 1  
~ ~ a i o o r h g h @ r , y o u y o u ~ g e t o n o n &  
vvith%odane,butifyouadda~kitmtopof 
t h a t ~ , y u l s h o u l c J b u s i n g t h p ~  
best youcanget pkrawtoctamboobt#. hzhis 
~ ~ t w d y w ' l l f n d i s S u p e r ~ a t 9 8  
oaiw#-butit fmaenrln; lmere,dand5 
i n a s l l s i n g ~ f u r i t h o b e ~ o u t € ~  



prepping for nitrous , 
The ~gnition system k vitally important hr a juiced engine. A 

The mega cyiinder pnswre mated when nitrous and 
extra fwl am ignited in the combustion chamber 
make it mbte diffiarlt fot the spark to jump the 
dectrodes in your spark plugs, and misfiring k like 
throwing out an anchor Mi you. In a typical 50 
bhp road k i  standard igniti i  is probably all right as 
kng as all components are in perfect shape. You'n 
need good HT leads, a good cap and rotor arm (where 
used), and the best spark piugs. For most road-use 
applications,youshouklgoonerangecdderonthe 
plugs. In setups using more than 50 bhp jets, plugs 
two steps colder may be required, and an 
aftermarket i g n i i  with highoutput coil, phat 
HT leads and ignition ampHRer box will be helpful, 
as will a madfold and cat-back dmst system. 

~f you've pmhsty added a chii or had your 
ECU reprogrammed to make a few more 
kmepmm, you should revert badc to standard y#o, since mast 
computer 'upgrades' increase i g n i  timing. The nibws mom than makes nm3nco*mknttoww 

up for the few horsepower you might kxe through "uwhip@W, and p n r n w r n v v v g n ~ ~ t w r k , y o U  
goingbadctostand#dqmsmhdpddaonation.hcnginesNMling a n ~ w t h i s n m a ~ ~ r k c b # d r ~ f r o m  
10:l compFbssion or using h i i  doses of nitnxls, youl want to fit m ~itrour~qmandn#urtkhy#rdwhor 
aftermarket timing control that will actually retard the timing wMk the juice windwrrrpilkrpod 
6 on. Some companies indude with their N20 kits an dscaadc cmtdk 
thatgivesyoutwopmgtams-onefotnandardperfannanocwithkKlaared 
timing for normal driving, and another that retards timing and automatkaRy 
switches on when the nitrow is engaged. 

Your engine should be in top amdith before adding a nitrws kit. The 
extra cylinder pesrun can cause bkw-by on worn piston rings, and any oil 
that sneaks into the ambustb chamber can aeate immediate detonation. 
Even in a good engine, you should change the engine oil and filter after 
using a lot of nitms, becawe some fwl may be forced past the rings and 
Into your dl. Other engine arnclitions that could induce detonation under 
nitrous use indude a partly.bbdced or poor-performing amling system, fuel 
pump not up to spec, mstrktd exbust system, or dirty fuel injector@. 

Running the engkw kasr (not enough fwl gohg in with the fthu~), b one 
ofthebiggesttrm%rgmMakestharew(tsindctonetion.Af&ryouIromada 
your first few nnrs on yaa ncw(yinstalkd nitrous system, you should do 
what any good ace tuner would do, pull all of your sparlc plug for a Wy 
doseexaminatkn. RderbChapPcr5fotk\spectionofsparkpbgs, lodring 
for d i i  or any of the athw rigns of amheating that signal 
detonatiocl. When you make my athcr tmMdons or 
changes to your mgh, you shou# do #rother plug 
Whenyouseetheearly~ofdetonationmrtresparkplugs, 
youhavPtknetoownknthe~anddbrdthecauxbcton 
a n y p a t t s a s e ~ . t f y a i h i m a f a e t o r y o r ~  
tevlimitefanditintrmqrtstheignit9onsystemasawrytoIMt 
the revs, you may want to W in an afwnnarket 'window 
switch'thatcanc#xngagcthenitrwssystem/ustbefaray#rr 
revlimitefaRoin. 

The pnssun m your N$ battle has a definite effect on the 
r i C h & r m e s s o f y o u r ~ o n n i t r a r r . C ~  
bottle proaun b important. Your kit manufacturer will 
probably giw you a recotmended battle P-, ar a range 
to work within. Bekw this pressure will induce a rich condition, 
which will hurt power slightly, but won't damage the engine. 
Too high a bottle pressure will cause a lean condition, and . . -  . 
we've estaMied by now what that means. 



a The L.+ature of the bottle has a lot to do with the in ted  

f 
~ , w h i c h i s w h y o n a  ddayattheraces,pumaysee 
people in the pits with their nitrous bottk out of the car, trying 
towarmit in them btske the pre~ure in a bottle, many 
ancrstneanclectricbottkwamer,whichisapbstk 

C I map that qoss around the bottle and has a M n g  
r ( ehenthkWhnthetankpaanis~Cyou 

cantumoffthewamm,anda 
bottle cnrar (like an inadated 

b i b & l k e t ) m k ~ u t ~ t h e  

I botrlcttontainthewarm?h. 
An add3biorul aptian to bvdd detonation is an adjust* ~~ss&theproruorsrquirting8 b o f f o g  

k w - ~ M , M t a p ~ i n t o y o u r f d ~ . I  f m m t h e ~ ~ ~ t r k . a ( f l - i Y I c r l k d  
your fuel pufflp skws dtnnm or theref a leak that cause the fud prv~brO,wd#anrwsrthcrdQnddgag#rly 
pressure to faW bebw a set M, the nitmus is shut off to save nqukln#rw5norpobofwmms)J10-thkbr 
the engine from a lean ktmdcmn. Thatf good insurance. ~ p w g . k i t o p r n k d b y a d . A ~  

Onr ramor, 
mryparnd 
colmtsAndthk 
-mlly- 
youom orrkus 
rbartnibour- 

I iYIaud.d 
-whrlf 
the weight of8 
mctrlbo#k,md 
Ithddrtwoamr 
pound,ofW~for 
12intotal. 



Thebottom 15neforavoidislgdetonaion is 
rqubr checks of your spark plugs. If yw 
start t o s e e a n y s i g n s o f ~ ,  then use 
a slightly smaller jet in your nitrous nozzle to 
nchenup thefuellniratio. Mast systems 
are set up rich to start with to be safe, but 
oncpyou'remorefaKniliwithttreuse0f 
rntrous and you're brave enough to ~ I Y  
leaning it out a Httk for mon paww, make 
wre you jet in tiny increments and keep 
checking those plugs1 

IONTRO 

Nitrousoontrobhnnbscomcvery 
w a a p v r d t o - a f  
~ f h m y r w r ~ - t h k b a x f r o m N O S  
unratr vuWoftrrb,aprdrlly 
mu)tktrgrrOpllutbnofthenlbout 
far drag ndng. 

. . . w h i k h e r e , t h a s p m k ~ ~ g o t t h . ~ ~ k  
and the bottle's mounted rfl monO - SfdWJW- 
0nloutkm~th.ryr t rmoouklgowry 
rich undor adernion (not anawh nitrous). 



Show, go, race, road, 
aftermarket or factbry- 
initalled, there86ome?hing 
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 
of boost with a Garrett T28 turbo, and 
includes an intercooler and their 
Performer-X intake manifold. 

Below - i f  you're planning on making a 
show-and-go ride out of your Ford Focus, 
Gude has this turbo kit with intercooler 
and all the other hardware you need, 
plus the pipes are all chromed. 



How it works s f  



we and after 

w @ncS intake side. lha mom lead there 
Tan theerrginc, t t t e ~ ~ ~  
rorks to g h  the engine hor#grmrer. As t f ~  
~ n e g o e s f a s t i q i t ~ m a r a e x h a u s t ,  

,-The unit br i b  CMMR of this turbo 
sandwictr' b Imp#t#rt function of 
JnMy pashg tha pwr batwecn the two 
pings.What~lhissodif fkukisthe 
.emendous heat i a  and the hqh 

by the numbews 

/ '  

* 'lbu e m  
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I Here am two show-winning rfforts on the same kind of 
to Mow thrwgh an upfront intmookt (not seen here) 
body-there'sromc#riousflowhare... 

A 

car, the Toyuta Supra inline six-cylinder - tkb one HKS turbo corn- 
I then in* a HIM& ' ' a r g ~ p n p  intake plenum with huge lDGun 

Advantages and 
Thk cyde of the engine driving the turbine b why sane say the 
trrrbocharger~es"free"horrepower.~theytkyisthatthe 
engine3 exhaust is makhg the twbo go, u n l i  a supcFdrargcr that3 
dhm mechanically by the engine, through-h a drain or 
direct gearing to the aanlrrhaft. W i  a qmhrver ,  driving the 
bloww takes some engine horsepower away because it must operate 
a all times, from idle on up. A turbocharger imposes vety l i i  load 
until called upon to do some pawer-making. 

The "not at all times" boost of the tubodwger k an advantage 
for fuel economy, operating noise levd and drkabilii, but in some 
cases may be a drawback when compared to the mechanical 
supercharger. Elsewhere in this book, we'll get more into 
urpercharger desgn, but while a superdwger adds boost in rebtion 
to rpm 0.e. the faster the enpine goes, the faster the Waww pumps), 



disadvant~,-A of the turbo char^ - r 
~t runs up against phywcd limitations evwttudly and can't pump any 
-ore. In order to make any more boost With a superdwger, you 
have to change the pulleys or gearing that drives it, and there's 
generally nothing you can do to the intern& to make more boost. 
The good side of the supercharger is that the poshdsplacement 
type blower gives an eqne more bott& torque because the 
blower is WWklng right from idle upwards. 

The limitation for the blower-equm car is in top end 
performance, and this is where the turbocharger has the distinct 
advantage. The turbocharger is much more customisable, with 
~arious wheels and housings available to suit the intended engine or 
purpose. Boost can be made to come in early, or come in later at a 
h~gher boost level. The same basic turbocharger can be used for road 
use, or modified to make more boost than your engine can live with! 

Such cusfomising, called sizing, should be done by an experienced 
turbo specialist who can select the exact components for yow engine 
size and power requirements. A turbo expert can take your 
information on the engine modifications. bottom-end strength and 
projected honepower goal, figure the airflow required to meet those 
parameters, and come up wih the right-sized turbocharger with the 
nght compressor and turbine. Too big or too small, and you and your 
engine will be unhappy. 

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-exhaustdriin turbocharger 
definttely warms the air charge most, which is why most successful 
turbo systems utilise an inteKoder to combat this. Heat is the enemy 
of power and of reliability. 



Tur~o~hargers -% and heat 
,.- 9 7.-- 

Anytime air is compressed and made to mow wry quickly, it gets hotter. Far example, run your 

r 
rl hand slowly across the carpeting in your house and you can feel slight f r i i  from the carpet. 

- , ' 'Now move your hand more rapidly aaoss the carpet at the same hand prewre and you'll feel 
warmth in your hand - go \m fast and you'll have "rug bum'. The same thing ha,-s to the 

into your engine. Just travelling thrc~ugh p r  air intake, throttle bodyqnd intake 

especially cast surfaces that aren't perfectty smooth, like the inside of an intake 

tends to really heat up. 
Beyond the frictional heating of the air, the turbocharger itsetf 

non - turbodode, air\ncurs a certain amount of friction beween it and the surfaces , 

manifold. Now force that air in under the pressure of a turbgharger, and the high-speed air 

- mounteddon the exhaust. If you've ever seen a performance turbo on an e 
a load,on the dyno, you can turn out the lights and see the turbine 
manifold start to glow red-hot! It4 W n g  serious power at this point, 
compressor ske of the turbochargefi is going to get some of that heat. 

This heat is perhaps the biggest downside to turbocharging, but a number of excellent 
have been developed over the years. First, imp- turbo selection can worsen the " 7-probtem. If the chosen turbo is not running at its proper e f f i c y ,  it can overspeed ', ' 

A+ 100,000 rprn) - here, the air is moving too fast 
engine and 'backs up" in the pipeline. This hu 
your performance. The proper initial choice of turbocharger and 
match of its turbine and compressor to your 
w t  of that range and make the right amount 
shaft speeds. 

Next up, everything should be done to keep the turbine's heat isolated 
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 

I compressor/intake ude. Thts is perhaps more critical on engines that have 
the exhaust side of the head.facidg 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. 

Cuctomtubulwmurifddsfor~hrrtdktions 
make#rwintemsofcqwl-kngthfkworffthcnkno 
ustmurifoklnni lrMafortha~butthytend 
t o d r v a k p w d d ~ a n d d o n Y ~ a s m u c h h a r t i n ,  
unkrr it% mado of thkk m i n k  rtcd, or c s n m k d .  



Yousryyowdforrpacdcxcscdr-thantopoffpur 
tudmcb@nghrstrlktionwith8fulhmnibourpsdug, 
that pours on the juice until the turbo is pumplng - this 

installation uses four Nitrous Express nonkr md stminko- 
steel hard line plumbing for both the fuel and N@- 



Intercoolers 
The modt effective and most common method of 

with air tampcrature in the intact tract on a 
twtuxharged car k an intercoder. This is a 
honeyamb affair much like a radiator, uwreliy 
mounted out in front in an opening bebw the 
bwnper, where coder air is found. The b o s M  air 
from the comp~eww is ducted through pipes and 
into the interwok and then to the intake of the 
engine. Thus, the coder is between the caqmsm 
and the eogine, so it% calkd an hrn-moler. 

Mort Memoks for road cars ate of the air-to-air 
type. Intake air fbws through the end tank, through 
the tubes and fins of the coder just like engine 
coolant does through a conmtional rediator. The 



outside air, especblly at vehkle 
speeQwhenthetubisreally 
vuwking,RawscrrmtheinQercoder 
andEoolsoffvvhatlspassingktkk. 
Mhugh the longer piping of the 
mertookc system does add more 
fnctionalareafortheaiftopim 
aver, the cooling effect maker 
enwghchangeinhorscponmto 
more than make up for that h 
some cases, a good intmmh is 
taking out -than half dthe 
ntakeheat,andforevcrydropof 
10 'F in the intake air ir toyow 
engine*yowpowsrw=up- 
1%. if the intdre air frm your 
~ i s u p t o 2 O O t o # ) O g F  
(depending on the boost leuel), the 
m m o k c a n  drop thatto 100to 
140 'F. Work out the figures, and 
the intenmk3 effedhrenest is a 
no-brainerl The same engine and 
turbocharger comMnation may 
makeonepoundorsomoreboost 
without dl that pipkrg to trawl 
through, but the temperature 
wnprovwnem is w#th more than 
tha J i h t ~ i n b o o s t  

Of awm, you an run a turbo 
s e t u p w i t h a n a n ~ , b u t ,  
you can't make optimal hocse 
powerandtheclnadad~of  - be "auntbrg pu 
unless pu'n using h@wctme 
fwlandafewotherbkk.Eren 
factory-built tutbcharged can, 
Wre the krb#u WRX and others, 
have inter#rden designed into the 
car, bathtomakemoropowsrata 
safelewlofbaostandtocope 
with the poor quality of fuel 
available to us at most pumps. 
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l h e ~ a ~ a n t k h t u r b o ~ k a n ~ r m s g o g a O e .  
Thmmqp@8&~that-(i36QB~krthe#rpinc 
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dimnemlrumr~~Y-thcpsunrsianplydoesn'tinacasc. highsp#drandmakhgbaostittdnYstbpwewnJawvec 

l f y w n w h r m m b m # ~ t h e f a s # y ~ ~ t h e e n g k w  eadlyorquickty.Hyouheppcnto",quiddybadcoffttnthrottl 
w Y I n a o d ~ t r r a l ~ g m B t l b 4 ( ~ ~ t h n i n g ~ . ~  w h c n y o u * v e h u r i d c r ~ t h e I I ~ ~ i s s t l f l f l l k d w i l  
may bo to dO bdb with aii dkmwktd electronic wair .Thc#adeinyourthtottkbodyisdosed,kntt  
"pf!&@aWeontidkr.Mm - mchmblfuel -3 cunpmsm b still packing in air behind it. Uncc tt 
p l c v r ~ ~ ~ h ~ Z ~ t o m c a t t h h  ~ ~ m ~ t o g a a p n s u n w m ~ ~ u p ~ ~  
~ ~ m ~ ~ h f u d f o r m w ~ ~ # r t h a  cmqmmrandlriesto 
m J G a d y # r r , c a r a n d ~ , 0 # n h j Q h C T ~ ~ ~ ~ k  omswesurgcthat 
~ I ~ r e c a ~ . A s a l w a y s , o u r a d v i o e b d a m a k e  mgalhcSfcctrrfthe 
~ k ~ t a l n p l u p ~ ~ i n g ~ y o u r e q # ~ ~ o f  I W t o l l a u ~ ~ s o ~ h e n y o u g e t ~ b a d r o n t h e ~ ~  
~ , m d ~ k e e p ~ n g y ~ u r ~ p k r g s k r ~  ithstoworkto~uptothepnfwreif.h%before.~hese 
w m @ -  '. p0bka~hqpnm).tmm6mrpfisirdopd*butiS&~ 

~ ~ 1 y w r e x h a u s t ~ h a s a k t Q o d o w i l ) , t h a  p a i n w h a r c ~ r e ~ - o n t h e t h r l ~ , ~ f o r e v @ r y ~ . . :  
b p o g ~ M y g ; r J ~ ~ . S o m c t i m e s f a c 6 9 ( ~ d a r i g n  ~lwrokdiorr~thedumpwkc.~wntedonttnintakepipe,& 
n~&h jcsranaughbackpraa~e tokscp tha~ f i ' om 

I generally much larger then the'factoty type and an adjbWe for yw'U find changing gear jujt ttfliear ?f. + - . 
_ -r L ,.- . 



The other type of boost 
control is a dump valve. 

'Wastegates mount in the exhaust stream ahead of the turbine. To be a little more subtle and Designed to be mounted on 
When 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 
tall wastegate, an elbow's been used to mount the wastegate for the exhaust system - the pipe's the throttle quickly, like 
~nderbonnet clearance - note how they wrapped the downpipe also insulated to keep the when gearchanging, while 
with insulation to  prevent heat transfer to the engine's sump. heat away from the radiator. the turbo's working hard. 

ln ms ~mtalktron, a nange was welded tia the intake tube just ~t you really want cvtryonc to  know you're 
before the M e  manifold t o  mount the dump value - as in most boosted. get a dump valve like this with a 
setups, the valve's release port k kft open t o  rather horn-shaped exit - makes a real blast for 
than plumbed back in ahead of the turbo (don't lose the noise). cwry geanhi you make on boost. I -  



Preparing Lh& 
your car for" 
turf - - -h- a c  Lrg - 

'1 Of all the accessories you can get to go 
along with a forced induction &stem,- 

none is more important than the 
7 boost gauge. , t 

Lf%.,. 





Turbo I durability / \ 

,- r l o o f i r l a c c ; g b i n , ~ , d d i k ~ , d o r p i a h 1 k i n g m p e a r ~ a n d ~ ' b n k a s e t d ~ .  
The 1990 Nissan 30a9C wnd'by Alfred Rms Is a 

AMFedboughtt)lec#whanitnwatwo~dd,wd~gut~OOOmilesmt~bacal~ 
a f t h c m ) d a n d % a g n a g c g n r p l e d ~ y o u c a n h ~ J y b u ) c i n g ~ ~  

Theperfonnancemnlr(n,the~twbomwasdoneaverapc?oddblnle,as 
& F ~ a n d i n d u d s d a p a i r a f u p g r a d e d h a b o s f r o m t h e ~ ~ a ~ h ~ h e e h n a k g l f , e  
a b m ~ u t e r ~ t h a m f k m , a n d a n u n r h # r a f ~ b P n t r o l d e v i c e r . ~ ~ i n d a r r k : a  
GWedQ-gas 
~ ( m ~ ~ = k ) , a ~ a ~ O ~ ~ ( n m a ) ~ ~ ~ ~ ,  
~ v w i t h o u t A l f r e d S , ~ ~ t h c W . ~ K 1 7 i s W t a N o 6 ~ - & t h e a n e l ) r s t  ; 
m ~ $ f l d L e a n e r t # r ~  

~ b ~ e t f c w 1 5 t o 1 6 p $ ~  

mb-tgrw- 
~ a l  electmk 

.ftrmwrkacoMrd 
devkes,andan 

ominaus-Wing 
-0ntha 
steering wheel all - putting 

t h e d r k m i n d  
ofhawmuchponrar 
hew;urb,dwhan 

hewurtsit.NowlGol 
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r a m  performance 
There couldn't be a better example of the power 
potential of turbocharging when dealing with small 
engines than the car seen here. The Summit mail-order 
performance company is a familiar name to any 
American modifying enthusiast, being a similar outfit to 
Demon Tweeks in the UK. They campaigned this "2002 

broadly similar car to our Vauxhall Vectra - not the kind 
of car you'd expect to be doing this sort of thing. At all. 

It ran a best of 7.665 seconds at just shy of 180 mph 
in the quarter-mile, and what makes that a phenomenon is the engine that did it, a 2.2 litre Ecotec 
four-cylinder. While the car was built by Jerry Haas and driven by Matt Hartford, our real interest here 
is in the basic GM (VauxhalVOpel) engine that now runs like a bbwn hemi V-8. 

John Lingenfelter Performance Engineering, famous builders of Chevrdet engines, took a quite 
and turned it into a fire-breathing 

We don't have all the detailed specs on the engine's intemals, but it's safe to say that considerable 
rbonger and lighter, to reinforce the block to 

to do everything possible to the cylinder head 
in port work, valves, and cams to a c h i  hi-rpm Row of the highest order. 

Obviously, the star player in the engine c w t  has to be the big Garrett ball-bearing 
turbocharger, and most of the power increase is from the serious amount of boost it pumps. We do 
know that the engine sucks air in through a brge intake duct, and that the compressor output travels 
through a liquid-to-air intercoder befm entering the fabricated Hogan intake manifold with big 
throttle body. The engine a h  features an MU) 8 ignition, an Autoverdi dry-sump lubrication system, 
and a Big Stuff 3 engine management system. 

This race car was built by some of the top people in the country, and we're not suggesting that this 
kind of power level is availabk to you simply by bolting on a turbocharger, but it is an incredible 
example of what can be done in small-engine tuhocharging. Probably no other technology would 
have permitted such perfonnw~e from a couple of litres. 

ged by the variety of performance 
nce Parts Division of General Motors. Their US 
eel sleeves, bigger head and main studs, and 

machined for metal O-ring type head gaskets. They also have available billet crankshafts and rods, 
a fabricated intake manifold and a 

1 CNC-ported cylinder head. 

lfthborw 
pulkup 

--you 
atttleligho 

kt it go... 

I ~hese DOHC engines have 
balance shafts in standard 2.2 litre 
form, but most enqine builders feel I 
the; are a limitation in high-rpm 

' 
;ace engines, so GM even offers a 
pair of balance shafts with I 
"neutral" balance for use in 
performance engines. And don't 
let's forget, the Ecotec series engine 
was originally designed to be 
emissions and environment- 
friendly. Yeah, rirhtl 

I 





Ow amotipheric presure is 14.7 pounds per 
sqmeindr@bj)atsaM. At highalthk this 

I p a u c k & d a a r n , b c u s . h r r 3 *  
m l K h b ~ " ~ d d u p ' o v e r u s . 5 0  
14.7 p a d s  is all wr him to uqp a mixture to 
~ a u r ~ .  Wlwnthepistongoesdown and 
c~~&~avoaum, tka tmospher icpr~ssure is  
hipherthanthe "negaQuepesmn ofthevacuum, 
so stuff gocr in. 

Boast, that intoxicatmg elixir of performance, is 
wy presswe bellylond 14.7. If yw have a turbo or 
sqmhmp Wtf mdong 14.7 pw of boost then 
you~e&ct i iaddedaooth@r" i rbnosphere"  
of pressme. Twice that amount of boost and you've 
added hm> atrmqdem, and you command the 
bndge of a rodcet ship! 



drlnn. - 
type bbmf* The 
antkrbolt-onkit 
b wdwe fmm 
TorotrkdnO 
Oarnkpnwnt 
Fo). 

, , ' ""+I 

Ow IaR Chaptei dealt ~~ It5 dmW mJun 
but differs in thak the, turbo 

'---,rather by midtanid 

b '  



, I  * b o r ~ - ~ ~ h a b t a * ~ ~ ~ o c 6 k i t o u t r i & ~ ~ ~ ~ ' ~  
howthekngbattmngemamworlrrthcbl~driueinwith 
all the factory aaesmia. ' I 

~m thc kit is k a t r ~ ~ ,  ttte Gndertmmt v i m  o?tA finisheti -* 

atkp by kduon W n g  lodo dmoWstrndard, until 
pa t tqjaton near thc @~~"nead.-- -- 

between6 

mod i t~ons  to strengthen the engine (see Chaptq 13 for more 
may again read something like ywr idle yacuum, ~ndicnirig that on mane durabilii mods). . I 
$3 are driving at good efficiency. - # Your engine's existing compression ratio has an important &ect 
.Put a wpercbrger on that d e  w e i a  and your gauge on the baxt M you can hope to use with any f aad  induction 
reedings we quite d~fferent. The Wle might be dose to $andard, system. The higher the static m n p r e ~ h  ratio, the less kpcst you - 

, 

but once y6u first stan to hit the pedal and the revs r k ,  youell can run without dettmth. If your ampreision iatio is bo high, h44 

sec~vacUumC8a&ngg~dannd~downasyw1noease ~ w l l a m t d W p u u r r d ' l a M y v u ~ y n o t b c w d n h  1 
speed. At a certain spead under bad, ,say 1 KK) to the effort and expense of the supercharger sy&m. 

side of the gauge. Our modem' engines generally have higher cornpd ratios 
'q 

watching don't d i s e  is than &her vehides on the road, which is a good thing for engine 
section of the vacuummooD gauge imn your 4 efficiency, but not so goad for superdwgimg. If yq6 have a Jab--- 

nading all the way up to a m  on the gauge can't be import, or a Jap eqine conwsion, the mpressionZouId be 10:l 
system is "tslring or ewn higher of Japan5 1OOoctane fuel and. I& 

don't have to bebeLLtringent emissjbns lavus - in that case, your engine is not a ' 

can$$! for forced 
p raed to be. The rnm your gauge par dockwise, the more you mpt&iog pistons. Just 

, ..- 5 fa 7 psi of ljaoSt if your 
If )i6uere rebuild& 1 ya. 

mean your induction, it3 a good idea 
the boost 8: l ~ c ~ ~ m d o n .  This should let you an 8 to 12 psi 

of how is a big d~ffere~$j~perfgm?.ance when w r  big 
down. This is just a generaljjuidfdine - the - 
the ~lrrprhhamer y)" Ch00ii, will alsb be a factor r - 



With the tw cover off the Whimle twin- 

you can see how the two screws squish and 
compress the incoming air between 
them for good mechanical 
efficiency - such 

IF Intercoolers help make more power and stave off Heat is the enemy of your engine, and the more you can reduce 
~ b y c o d i n g * ~ ~ ~  thrt,dnmor,booEtyouunrun-rndlcookrItHwill~ 
mrkkrgltmandma. 

- - - -- 



ve. lgniti~n timing %ffer m e  ways to 
ith $tonatJan. Supercharge engines generally a, -ore timing, e$xdally inlt~al advance, but 
,'re maklng full bo$xt and &car's under 

muchTgnition adfance can bring on the 
rattle' :you don't %ht to hear. -#& 

tr6fJed engine managem-ent system 
knock ~ e ~ ~ ~ ~ b t @ . b l o ~ k ' t h ~ , i d ~ n a l s  
l l d ~ n i t i o n  timing i~,&qdck begins. 

m,~ rapiqpirn a boosted car 
I wherp,its just read~tig t~ a 

Blower kits 
T h e r e m ~ t y p s o f s m a l l  superchargers used in kitsdedgnedfor 
modem engines. Of come, each manufacturer mi tell you their 
designisthckrtbutywshoulddopkntyof~onyowa~nr 
k for rma#ngadaddontokrya~thatmay~f2000umon.  
Thetwomalntypesdsymchargerderignyou'llseeantheRootcs 
typeu'posi8kedispbccment",andthecentrifugal&sign. 
The -type mechankd Maww uses a pair of roOors that turn 

insideahorrsing.Some~yhauestraighttatorswithtw6athree 
lobes, and asthe ro~o l rm,  they capturea certain bmountdairand 
propcl i t to the inner~of tkcaseandat t to thebntdce  
manifold. Each time thy turn around, they capture air, haKR the 
"paaitive" dcxription.Thtbenefitofthiitype isthat it startsmaking 
boostatverykwrpm,butsomeRootes-typeblowefiarenoisicrdun 
other designs, induce mom heat into the intake tract, and take a )ittk 
rorecrankshsf thocsepanr#to~ .Mostof thesmal le r~  
used on kits have very proven designs that have been around for years 
and in the case of the Eaton bbw ,  have been used by major car 
manufacturers on factoryn-ruperrharged instalbtiom. 

A variation of thii type of bkmr is the screw-type. These have two 
rotors with helily-woond 
vanes that, as the- name 
impties, W like nNo giant 



xrews mesh togetheP (there is a male and a female rotor)# the air is actually oompcerscd batw#n 
thexrerrvs. 

The other major type of bdt-on superdrarger b the centrifugd design. bum a quick 
emmhtim, themWugaltdawerboksjustliketheoompresrar half ofa t-, beinga 
multi-vBned wheel withm a dl-type housing. Unlike a twb&wpr, thk type of blower Wt 
driven by exhaust but by a mechanii drive from the engine, usually a belt. On the back of the 
aompressorisapearbo#thatsQeedsthecmm=whecl w m t o e n g i n e r p m .  Now you 
have some of the boost potential of a  turbocharger without the added intake heat fmm the 
exhaustdrhn turbine. These types of bkwersl a n  not " v t " ,  and thus & not 
neceswilymaketheirboostdawn on thelow end, buthavepkntyofair-mawmmt potentid 
~they'ny>inningrapidly.TheccentnfugabdsodonYtakeasmuch~toMvea~ 
some other mechanical blawers that are p&h&pkeinent. In general, cenaifugal 
superdrargen will mue pouw than a poditive displaamwrnt type, but the power will come 
~ ~ r p m . ~ h e v G t R d e d d e w h a t y w r a r m p e r f ~ ~ ~ ~ d e c i d e o n t h e r i g h t  
kitfory#rrapplkaion. 

Unlike a Wbockqm kit, a superdrarOet kit for most cars indudes a whde new W e  
manifdd, since the intake must match the outkt m f i i  of the blower. On rod centrifuOal 
biower kits, however* a new intake manifold kn't needed* because the boost can be plumbed to 

your existing intake as is dcme with a 
twbo install. 



Most reputabk Mawer kits have everything you need to 
tmll the system and use it n l i .  Contents ts the 
Mawer, intake manifold (if needed), bdt mountbrg hadwam, 
a ~ t ~ a n d Z a r n e t Y p e o f ~ ~ ~ t O c 0 n t r d h r d  
d e l i  and/or ignition timing. Some kits use a b~~#&an- 
standard fuel pump that repbcer your in-tank pwnp, and a 
special fuebpmwre regulator that mav be boat-. 
Other compcments could be hoses, wire hamses, air intoke, 
an intmookr, and parts that docate items in the engine 
compartment to w i d e  room for the blow. Some 
tnstallations may indude an dl filter rekcation kit that allanrs 
foreasieroiJch8ngesaftertheurperdrargerIdtisi~. 
These kinds of extras are installatioMpccifiG but well worth 
seeking out, for making installation casicr, and l i i  with the 
MoweraftetwarQksrofaprobkm. 
Most kits can k fitted by a competent mechanic, provided 

he reads the rnanufactuM imtwtbm befon ripping out 

the standard parts and slapping new parts in. The quality of 
the instructions varies among manufacturers, but all 
companies have ted, lines to answer yow questiom about 
fitting or tuning, as well as websites that explain the typical 
FAQs (fnquently-adced questions). A Haynes repair manual 
for yuur specific vehide will be a big help, especially when 
dealing with 'where did this gasket go or what wire went 
here?". If you're new at this kind of engine work, you may 
wantboHatunerdothe install for you, or at least hawa 
friend who has m#p eqmbce provide a helping hand. Most 
manufiKtwcrz dskn thak kib can be installed in around 8 to 
10 hours, but smm insta#ations are mote cxnnpl~ilted 
because of mgine cmpmmt and engine byout and you 
may need to spend the wee&end W i  on it. Just take your 
time and yau'll have a suaedd cornerrion to fmed 
induction.AswlthanyOmerldndofcarmocMymg,itdways 
paysnottonahit. 



your I 
suit -. 
I 

re 

1 The manufacturer of your kit has done their homework to make their blower right for your car, bu 
it's your res~nsibility to see that your engine's ready for the blower. At the relatively-low boos ! levels of most kits, a standard engine in good condition should work fine. The supercharger shouk 

1 not have any serious effect on the engine's longevity, but of course that assum your engine's ir 
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 reall) 

I 
worn. Leaking valve guides or rings can let engine oil into the combustion chamber, and this is ar 
invitation to detonation under boast, even if everything else in your installation is done right. , 

Start your "boost-suitabilitytheck" by giving the engine a 
thorough service, then check the enaine's - - 
compreis~on and take vacuum readings. B& 4 

(these Important diagnostw checks are 
' covered in the ~aynes manual for A 

your car YOU( car's most + 



kely computercontdkd, which means that the engine man 
lhagnostic info- in the form of fault codes. If you experience idling or 
roblems that your service didn't fix, you may want to wsit a 
quipment extract any fault codes from your car (see Chapter 4 
ode readers and fault codes). 
Check your Haynes manual to learn more about diagnosing faub on your fuel system, and perfonn all 

bas~c maintenance, such as changing fuel filters and dwking fuel pressure h Chapter 7 of this bobk, you'll 
f~nd more information about aftermarket improvements to y w r  fuel system that ensure a steady SUP& of 
clean fuel so you aren't gong to "lean out" under boost. 

By now you're aware of the effect of high temperatures on yow V n e ,  and adding a forced induction 
ystem will tax your coaling system further than most other mods. You must make rure vour r a d i i  and 
dater pump are in perfect order. At the very least, you should hate 
he r a d m  pcofftri0nally cleaned and tested at a radmtor 
pecialist. If you plan on runncng under boost a lot or want to 
~pgrade to higher boost levels, you may need a larger 
fterrnarket radiatac to keep temperatures under control. 
We have d i  earlier in thls Chapter how big a role a 

~layed by your existing st* compression ratio, and haw 
w~tching to lowcompression pistons (I~ke 8: 1) will help yw make 
letter use of a supercharger by allowing more boost to be used. 
rfterrnarket steel head gaskets are available that are thder-than-standard, to reduce the compression 

ratio for power-adder appluatrons. Even rf you have a relatively low 
3 compression ratio engine a h d y ,  use of 



GMPcrfomrmrWkthrcr*theIbr#d 
i n d u c t r o r r ~ d G M ~ m n n i n t h s U S ,  
wlthnmdpdom kits Wkethbevan hq$ng 
full 12-riionth wmades(ftmad by an I 
rppauld.dwkr. I 









leak)- whenthobngu 
Allen bdts art bacrted 
through mounbklg on , the engine to the tdcnnmr and cbubbwb to remove) a d  
stmted,ywcantlghbw,the fittedatth.blomrinddar 





It's not all about the sound. 
You can gain some horsepower too! 
Whether you re a real perfornidrce nut or just content to pose arid profile, you cdr's sound is s t ,  

iirluortant Lucky for us a qood performance ext~dLr51 system can satisfy both needs When you p,~, 
toqether the rlqht package of extidiist cornponerit5 thdt a l l o ~  your engine to really breathe, tile cars 
g(11ny to sound ds good ds it perfornls It bedrs repeat I.(; liere ttldt the exhaust systern 1s one of the fe,.. 
aspects of the car you can modify that glves you ltie perforrrlance yoti want without any of the drawback 
or compromises that osually corne wlth engine rnods Exl;dust work should have no effect on your idliric 
or srnoott~ drrveat>ility, arid your ftiel econorny will actudlly qo up, not clown1 The cool sourid is a b o n i , ~  
too 

Prodliction cdr exhdust system designers dre saddletl witti a Ducketload of consideratrons, such ~3 

ernisstoris testing vehicle floorpari conf~q~~ratiori ,  bean-counting accocrntants who want the led)' 
expenswe part that does the job dpid dch~ev~rig sourid levcis down to that sultable for the averdye Iibrdr, 
Unfortunately rlone of these restr~ct~ons contribute to the production of a highly-effective perforrnarici 
extlauit but, lhlrklly for us t i le  aft~rrnarket ilas been f l l lny that void almost slnce the car was Inverted 





abwt.mpol.sibkforan~pEmap 
fknwhtterthanastrdghtpi#aafpipe,a 1 
a t ~ t u ~ ~ - ~ . ~ ~  

imhc&n kit apake nutre 
-*-body 

4 open to the # & filter or entry p@#l 

onfarcieds, w a r e  many theories an-sD)&sof ' ' ~ h a # l r b e P n ~ , b u t o n e t h i n g w e k n o w  

I 

Manifolds 
The fvst ma@ compmt of yaw performaKe exhaus 
system is the manifold, a tubuht npl#aent for yow 
lstandardcast~exhaustmanifold.lnRlostmoderncw,the 
origind manifold igVt too bad, at W for the needs of your 
standard economy engine. The exhaust fkw needs d an 
enpbwwu~acponent ie l ly~~~-ofpnfomtance 
" ~ " . ~ f b w a n d b a d y w e s s u r e n c a d s o f a ~  
engine aren't excessive, apeciallywhen the engine spenck the 
bulk of its driving life wder 4000 rpm, But what happens 
whenyoumodifytheenpineandthentakeudwtageof 
thosemodibylKinqthehighendobmerpmxak? 
Theexhwstsyrtnmtbtwasoncc~isnawmtrktiw 
t o a 9 - m .  

HowmUchpaweryou~with/urtthem#rWdspenQ 
o n K v c r a l f a c e o n . O n a c # w i t h a ~ ~ s t m d m d  
e x h a r a t ~ ~ a n e x h a u s t m e n i f o l d f u W o f t i g h t  
bends and twists, the rnanifdd will rnakc a bigger 
trqmmeMthanonaw~adsoentsysbnnbstartwit)r. 
What3behindthcmanWcanmakeabig~aswell .  

Ifthestandardexhaustsystem 
inddesm?ri&econvarbwand 
sikncer box designs, small- 
~ e x h a u s t p i F m a n d k t s o f  
"wrinkle bends" to boot, the 
msnHrrklkn'tgoingeohavemuch 
chance of making a big 

l l q m m m t h - . A  
good rnanifotd on a typical 
engine with few other 

can be eqwed 
to make only 3-5 horsqmm, 

r depending on how good at bad 
the standard manifold had been. 

That's with a standard exhaust 

That sawrds d i t i n g ,  but if we 
take a case where the engine has numerous 

m o d i f i i  yet still has a standard exhaust 
' 

manifold, the same aftermarket manifold could 
gain 10 h o r q x ~ ~ .  Any of the big "power- 
adder" r n o d i i i ,  including nitrous aide and ' supercharging virtually "rtquire" a m W  and 

free-flowing exhaust system to take advantage of their 
p U w r  potentid. 

we know is through trbl and e m ,  but baskally the 
hieaistohavetheright(1#ndkngth~rml 
~ ~ t h e m r o . 1 C ) I ~ ~ t h + a t h a n  
in terms of thing. 



braces. h fact, beware d one that daesn't because the mmWd 
maysound"tinny"whenfittediftheproperbriKfserar't 
connected.Makesurel#forabuykrgammifoldthatyougiveyas 
e x a c t y e a r , m o d e l a n d ~ . O n c a t m o d d s , t h e ~ o f t h e  
o x y g e n ~ ~ t o o - t h a t 3  ifyou'rekccpingthecat 

OtherfamrstoawlderwhenmaRSfddshoodnawouWbe 

- - . . 

F i  a perfarmance manifold is quite easy. Most 
manifolds are made to use all the factwy mounting points and 

a g o o d d - n o t e t h e ~ o f q r ( i n d m  % 4mdtnrd3in&fiwr-tUb11ctkn * 4:: * 1 
tubs). ~jrorpnd & is amthw issue. I - 

lodtinglorthidcfbngerthatamtgoingto~n;dteak,and 
thickrvalled t&q that won't rot out (and sounds kseer than thin 



If your ride is standard height and going to stay that any 
madfold design is going to work for you, but on a seriady 
lowlmd car, you may want to stick with a 4-2-1 nwdfdd, 
becauzethettnopipesundcrthecarareside-by-sideanltdK 
uplersra#nunderthenthanthcfowtutmsona4-l manifdd. 

Mankldfinish b r  amsidwatbn. Themam usuallyafew 
chob,eve!n~onekandofmanifdd.Thekastescpansiw 
finiiwwldkpbinsteel,whkhpuHlouldpahtyawsrdfwith 
s p r a y c a n s o f m a n W ~ a o r S o f ~ ~ L N e x t  
~ ~ f ~ m a n f f o l d s , f d k w a d b y h i * t c m p  
c o a t e d d o l d s a n d m a n i f d d s m a d e o f ~ T h e  
h i s h - B e m Q c o a i n g l - a n d ~ ~ p i p c r s n ~ ~ b s b i n g .  
a n d t h e ~ r r d n k s r ~ a n a r g u a b l y t h e C P d C 5 t ~ .  
Somem#lifddsareakoaMibbkin~rGd,which 
ispsettytridLt00. 

. . . compurd to r typicrl aftemuket 42-1 manifold like this. 



%is 4-2-1 has gone a little further in trying to get all tour 
primary pipes to be of equal length - the outside pipes have flaw69p-faatwMd,bnr)utwem-thbW 
be longer, so the inside pipes snake around just a little before a ~ n ~ i ~ - W d * W ~ b O - i m b '  
loining the others. ' b u t i t c w # h a @ @ r I l # b a n a h r u r t ~  - 



A d r k  
r s t r a @ @ - v L m % .  

Depedhganthokudof 
nrodiffatkns*-pip, 

krtheut-bckgGn,chou#k 
~ f a r t h r a n g l r n ~ w d r W I -  

o f - t u n e - t h b ~ ~ a n d n d r  c n v  ~r pipes. which shou# be god for rod-ma 

and beyond 
O n a ~ U ~ b r v t 5 1 # w ~ n a w ~ , t h e y t r a v P l a ~ m y t o g e t o u t f r o m w n d e r  

y # w a , a n d w g o d k t o & i t m w a s f a ~ t h a n a ~ , M M , t h e r r 3 t h e c a t d l R i c  
~ , u r u d l y ~ . ~ ~ ~ ~ ~ . ~ m o e t o f u s , b h i & I r n a t a n o p t i o n d ~ t  
b e c a u ~ e w e h w e t o h w e i t . M f i n a , b e c a u s c t h h ~ d o c r b o a g n e a a p b d ~ w c n g i n e  
e m i s s i o r r s , a n d t h e d e r i g n s d a m e n t ~ a n ~ ~ ~ f a r ~ c o a d u # t h a n t h c a l d e r o n e s ,  
sothec~~erterisn't somethingtowhineatxnttb~omuch. H p u  havetoraphca,youndue toitsage, by all 
means shop around and try to find as f r m - m  a repbcancnt cat as you can. There an a nwnkr of 
'performance' cats on the market that have a stahbsW shell, which k loqpbhg and bdcs good. H 
yow engine is going to eventually get forabinduction, you might ewn think about using a stigMy larger 
cat, or at least one with larger inlet and outlet pipes than yow origkrd. 

If ywr standard converter is going to stay for the time being, at kart have it checked out to make wre it 
isn't dogged. A dogged cormrter can choke your engine down iike the hd-~-potato we talked about eerlier. 
Thebildgast~efadoggedcatdyticconvwterkusingnon-approuedfuelsotadditiuas,uammangine 
whoser ingsdkw.toomuchoi l ic l theexharst~f lbeaMe~del l~peopk~treMndyouwil l  
-becWw@. 

q * 
4 

?L 
e? 

Qdkhadsthb- 
smexh&pntr 

4, 
@probrblyh 1 

rha Metime of* - lb 
v 



Mostoftheafbmwketexhaustsystemsonthe 
market are dkd "cat-back", became they indude 
everything from the commter back. The system may 
come in xveral pieces (see our how-to procedwr on 
f~tting one) to simplify packaging, shipping and 
nstallation, but it should bdt right up to the back 
flange of your commter and include whatever 
sikncer(s) ate needed. Many of the cat-back systems 
~ndudethebadcbox, which isa part ofthecarthat3 
very virible, especially when it4 a ndly big one 
mounted right at the rear bumpw. If you find the 
system out thee don't offer the kind of back box 
action you're after, choose a system minus a box and 
add whatem kind you want. 

Changing the exhaust of your vehicle for a 
p e r f a m m c e r y s t e m i s o n e o f t h e ~ v v i t h  
moreperksthandmostanyother.Youget~ 
powet,improvedfwleconomy,thesoundthatwill 
complement yaw W- profile, and par that 
make your ride look bet!er, too. All that and thew4 
norealdawnsideorsacrif iceaswithmort~ 
moQl 

) WHAT IF 
w m t a ~ ~  ex* . b o k m  m n d  nutm 

Edwm spmn farteners can be REALLY tough to remove, 
e p e d y  from dder W i .  The h i  heat coupled the 
q m u w  b the demerrts can 'weld" the bob  and nuts In place. 
Do y w d f  (and ywr knuddes) a favour and buy the best 
pawbabingdyouconSprayitonallth@fastmyoun@edto 
nmaur-arddorr'tbchy.~bcabZdit.Thenktitsoakcnfoca 
mm-- 

When it comes tinr to nmcrue the fastene~, you may need a 
bngkPdeerb#togainsomearbalemage.tnxnnecases(like 
d v a t p i p e a h n g e r  Wif thingsgosnap, itfnota problem 
since+ klrsing~npbocmcntfastenersanyway. But when 
i t amato~man iMdbo lkorshrdsonthe~ne ,bewcy  
anful.How'bwt~motofthatpenetratingoiil 



installation 

? Q l b e  8 crowbar to@@-the rubber It- 
-. ahwst hanger 'd0ug)mnUts' o?f g the*'nwntr-b.p*l1**- lhacfaboadougRvtnr- 

, 7 ~ 8 h e 8 d o f t h c l f 8 e .  .-$pwPh rqP=W-bM 
surprnrkn-a to be ra-used (if they're adnatharhddlng 02raf~ocr. O&~npmd%). *04 up-ril-. ..- 
-7- 





fitting 

wt IOU bolt up the 

hc back box hes a 'coffee- 
can' s in tip, but it cofnes 
with this &It-in irwct -this 

Go over all that polished 
stainless with alco- 
becausaanyfmgarprtmQt 
smudges you ny! hrvs 

~ g s u ~ t h e r # w S t a i ~  
rYrmt c k d q  it first. 



v 
Depending on the application, 

* 
" 

*he oxygen sensor may &in the 
manifold, the collectar or the - cam oon%rter - if it's in the 

WIY, d i s c o n ~ , f h c  Rmgtve the 
daaricrl wmectbr and m converter flange 

- -  nm-c the #nsor. nutstbob. 



wlth the dd &-member remove4 the*& plenty of 
mom to imtallthenaw h * qjpvw-* 

fit 8 new O M  

the d i d  



9 IF. . .. 4 f l m g m m  don't 
line up? 



durability 
. Wh ir there alwaym money 

wa Y ting for g o m f k m t m r  
p a r t m ,  but none for kwp- 
u l l v m  longer partr? That 
big ols tow truck could 
be right around the 
corner waiting for you. 



l t 0 a ~ t o t h e c a r d c s i g n e n a n d e n g i n e e r r t h a t l a t s d ~ c a n h ~  
fmwtratsremewvttobelittkmorethancffiaicntponnrplantsfor~can.Ow 
engines are bghve@% have good vaktrain dynwnks, like to rev, and haw amazing 
longevity in standard or mildly.rodified f m .  lbwver, when extracting ma#imum 
from any engine not dcs$led for thii durability begins to suffer as oomponents are 
stressed beyond their design Urnits. 

High.honepawerenginesarebuiltbymrr#thathmrekamedthrwgh~~ 
i t t a ~ t a m a k e t h c ~ i n c l i v e . W h e n ~ ) r a d ~ ~ m w t t u n c r s ~ ~ u K k r  
t h e i r b e n c h # r d p u l l o u t a b o x f u l d M ~ a n d ~ ~ F O Q Z K I C U m U l e t C d  
along the way in the search for power and knawkdpc. 

Thewisartune~withthatboxofpwtr~thebenchwillteUyarirsbettertospend 
somemonynawon W i n g  up theengine, than lamon newprrrtrpkattw beefmgup. 

The amage modem engine cwr handk a power introsx in the neighboumood of 50% 
before you start d i n g  to invert in 'engine insurance". That mars most mad-use 
engines with standard m o d i i .  Where t)re real trouMt starts is with either dragstrip 
action or the uza of a poww-adder. 

Pernaps the modifications that result m the most stress on an engine am the ones that 
redly tnarcaase cyHnder pressure: hgh-compmdm pktons; nitrous oxide; w* . 
and turkrch#ging. 







Most engines have a lightweight block designed for efficiency, 
and with lrttle extra material where it isn't needed. Basrc high- 
performance machining technrques 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 "deckrng" the top surface of the block so 
that it is flat and perfectly square to the crankshaft centrel~ne. 
Align-boring the crankshaft saddles assure you that the 
crankshaft will run true with minimal friction and you can 
achieve an exact fit of the bearings. 

If you're putting in new pistons, then you're putting rn new 

h 
rings and the cylinder walls need to be honed for a 
surface the new rlngs can seat against and "wear in". I 

If your cylinder walls have any scores or deep For those eight and seven-second Honda-powered 
scratches from a broken piston rrng, then you'll racecars, the ultimate solution to block problems 
have to bore the engrne first to get rid of that and could be this new block from Dart with a 

order oversize pistons. "conventional" deck, available in two 
bore sizes and complete with main caps 

0 and replaceable ductile-iron sleeves. 



Regular maintenance 
could b your most 

! 
importent job 
W ~ t h e t p u 4 f l c m ~ 2 8 p s i a f b o o s t o r a 2 O O h p s h o t o f R i f t o u s , t n r t  
~ o r i l l ~ @ d o ~ v v Y g r i n y o w ~ m m d r e ~ m o d i f i e d e n g i n e l a r t  
~ . W c o O d c o r s i n O n n c e h o b i b ~ € h € ?  

I f k t b o f d c f a r o & . ~ ~ u n o t . ' W w r  
c o v l l k r s ~ ~ f u d s y s e E m ~ -  

I ~ m b e t a p t u p a o l l P i r r r s . m Y l n i s s  
I anydld\angas~tuwy3,000milo$)ard~ 

thefil\srwit)\~oilchmge.l?m))yncrrrpair 
m a r r u a l f o r y o w c a r w i l ~ ~  

I Multi-valve engines 

Double-o\iawhemd-camhaft 
engines 
Double-overhead-camshaft engines (or "twintam') ergnes have two camshafts, one 
operating the exhaust valves, and one operating the inlet valves. Multi-valve englnes are 
almost always double-overhead-camshaft engine! 



Cooling ana 
Lubrication 

-7-7 . - a I-. .. q. 2 

The power m fuel is the heat qcnerated when you light it, and a performance engine 
is going to make mcre heat Worn yet, a t h x h q e r  jammed between the engine 
and the rsdiator can r%dly raise the undebnnet temperature. 

Many modem cars have factory dl cooks, usually in a sandwich between the oil 
fitter and the block, and connected to codant pipes. In standard form this is fine, 

but when you already have a big load on your cooling system with a m o d i  
engine, you don't want to add more heat to the coding system by passing 
coolant through a container of hot oil. 

I 
The armus* for can with or without a factory oil c o b ,  may be to mount 

a radbr-type l i  codw out in the car3 aintream, although hopefully 
where it doesn't compete with the codant radiior for airfbw. The extra 
plwnbingandtheadditionofthecookr~the~alsoincreasestheoil 
capacity of 
meengine. I l  

Thkdlcahrkit,cnr)wnmotnArdhthrriglrt~tog@td 
o u W d b r i r , u n ~ a n g l n e t s m C # d a n n , m n o n r ~  . . applkatkn where engine dl must prsr t h r o e  '4kJolrt hell 

r_a_r_m-qj to get back to the sump 



The mdtator in most small 
cars is, wdl, ma7. Lwkilya the 
aftemtarket companies have a 
widevarietyofradiatorswith 
extradicap#ity.  E m  in 
the comrentional-comtruction 
category* your local radiator 
specMScansupplyyouwitha 
radiaor just like your standard 
one, but with extra rom of 
tubes in it. Yours may be a one- 
row now, and you can replace it 
with a tw~row for peace of 
mind. 



Sometimes it just makes manse 
to make cr change 
There are a few basic truths to creating horsepower. When all other factors are equal, the brger the 
engine capacity, the more paw# it will mke ("there ain't no s t k t h t e  for cubes"). And the same 
modification made to a brgercap#ity engine will generally gain more pmw over a smaller engine. 
For example, if you repbce the 1.5 l i  engine in your Honda Civic with a 2.2 l i  Prelude engine, 
you'll automtblly get a substantial paw# increase, largely becwse the enginel nearly 50% bigger. 



r- 
How tough wig' 

'3 "he q job ber. % 

D& ywr mmemroh! 
! k r ( y p * * p v p . y w * ~ n * l b ~ t h @ n p i * ~  

. 
.? wir ing~ ,eng inemount ings , rad i ihases ,~p ipeend  

cmpmmtma,nthrg kadea In some cases you may also needto 
dr#lge tho geartan (or linkage), driwshafts, dutch, radiator and front 
qwiyp (to ~ ~ Y U V  for a he* engine). Every swap is a little diffemnt so 
k%imaartsnt~~stwbyupkZorer~gctthespa~ers~. 

Inal l~you'pr#t thCfki tpcrsonbotrytherwapyou're  
pbnning.Andwhymaket)ra~mktdrestbeathecsmade?Coto 
car sham and euents. Find r ar dub. Cb on the Intemt Basically, 1 
bcateqnkph who ham a l w d Q a a  you're t h i n g  about 
adpidrhck b r Y a . . . n c W p r l . .  w t w ) u t ~ a ~  
Jatret didn't. , ? #  
\ *\ , i3.J N 

rn 

Engine numbet-s 
Now kt3 say you want to add a 

and induction kit. On the 1.5 l i i  

All engines haw an ID number that un~quety ldent~fies that particular 
engine. That number appears on the vehicle reglstrat~on document, so 
you ought to notify the DVLA when swapping. It's likely that they 
won't ask too many qwstbm, but they usually want an InvoKe to 
prwe the work's been done, and to indicatc what whde rt came 
from. Remember, engine size now determines how much road tax you 
pay to the DVLA. 

Putt~ng in a new engine without having your car4 papenmrk 
updated means your "numbers don't match", and this maka your car 
look welldodgy when you come to sell it. For this reason, don't boy 
an englne wthwt  numbers on it - it could be stolen. 

Engine ID numbers can be difficutt to find on the engine M. Buy 
a Haynes manual to help. 

engine, these mock might have 
ncttedyou2Oexbahompoww. 
lhesamemodsonthe2.2litre *- likdyget yw claer 
to 30 extra brake, or about 50 % 
more. This is the simple, yet 
powerhrl agment for extra cc's. 

Another nason for engine 
~ i s t o o b t a i n t h e b t e s t  

I 
technology and tuning potential. I ~ ~ s w a p p i n g y a w t ~  
Single Owr)lcad Cam (SOHC) 
a p h c f w a ~ D o u b *  I ovcrtfead Cam@o).K)mQkrcwHI 
getyou---- 
thoullhtheengincc#padtymaybe 
thesame.Thasdditionalbenefitis 
that the OOHC engine will mpond 
better to tuning, since the q l i i  
head design is less m b i c h  and 
will allow better drflaw when 
other modifKatSom are made. And 
don't forget about other 

I 
interesting standard latermodel 
f w  like turbos1 



P- 

I,') 
m i n l u r y -  
theAmerkancuttwh 

& m e , a n d n a t j u s t o n t h c e n g i n e . A v c h i d e ~ ~ t o  
seenatjustthatthc 

wheels and tyres. He has to to be safe 
m hnaia nw 4 Z y w r ~ ~ -  m f 

lodges. 50 3 bit lib the MOT test then - a bit d a pain, but good 
1 

wdctywrdpeaceofmhld. 



9 C-- -ro will do it. 

' P '  
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I 

1 1 1 1 1 1 1 m m  



U#dmginesmrman 
acommkdrdu(ion. 
koondhwrda~gkwrm 
rvlikbkfrom mrny 
sourca,md*hnra 
wry low mileage. Check 
lanrmikrgc,enQinesfor 
-of- -. 



Check it out! 
checking out an engine at a scrapyird can be d W d  since 
yw'm working in ra lat idy p h i i  c d i t j o n s .  But if p~ know 
what to look for, you can Qqa pretty good job: 

IfhmgEmisrtillfm4dinaMhkle,c)ndcthcmik.ge. 
Aside from obvious body da-, look at the overall 
condition of dre car. Chances are, the owner who p d i  

dl 

7 

same evkhce. lbmmbc UR and up in scrapyards for 
I 

than a hqp .addmt - expcmkra engine 

'I- 
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engine. performance 
e . '  ,' i 

/ 
\ Having ti= ri,gfiti,gauges p c o ~ i d ~ y ~ ~  with an . / ' 

I 

early warningTsystern to help you spot problems * 

/ 

before they can cause major engine damage. On 



Wherr do I put the 
gaugem? 

I 
When cars were bigger, v h r e  the dashboards There was 

4' f apays room for extrveuges. On modern C~PS, however, 
\ ,there's not a lot of unused space for extra gauges. The one S.h really flat space for gauges is of course the existing instrument 

"cluster" (the onepiece unit that houses the speedometer, 
tachometer and a few other gauges such as the fuel lewd and 
caolant temperature gauges). So, if you're swapping the d d  
instrumeflt duster for a new unit, it should be a very 
straigh%forward procedure. But if you're planning to rnstall 
additional gauges, then you'll have to be creative. 

Gauge "cup$' are the traditiMal strategy for housing 
gauges that can't be installed in the instrument duster area. A 

' cup is usually a black metal, chrome or plastic enclowre 
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, vdtage 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 f ~ t  into storage recesses or ashtray 
receptades in the dashboards of most modem cars. These 
empty spaces, which are usually located in the centre of the 
dash, were witended for storing ,small sundries such as 
sunglasses, cell phones and other small items. If your car3 dash 
a equipped with one of these storage areas, consider yourself 
lucky, Mause 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 thrng about 

"gauge pods," which are plastlc housrngs desrgned to accept 
various sizes of gauges. There are pods for just 'about every 
vacant area on the dash: above the rnstrurnent cluster, to the 

left or nght of the cluster, in the centre of the dash, ek. Gauge pods 
usually have a black pebbie-grain finish that blends nicely with most 
dashes. 

O n  popular vanation of the gakge pod is bown as a%p~llar 
Pillar pods, wh96 re  designed to fit thbdriver's side A-pillar (the 
wndxreen p~llar), are manufactured to d: cept one, two or three small 
gauges. A prllar pod e easy to install and look 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. 



pressure on a superct~m or ~ r t x x t m r ~  en4line, rw '1 
i s m t n ~ o n t l m c v r h i i ~ r ~ ~ i t i m  I 

. Or fit another 

FUJI RDPl 

i r Pm m uFWiiim m m rF"ml 



range that produces tan ph~gs, all you have to dqis mqnrto1,the of the fiM gauges you should consider frttiw- A~ oil presswe 
EGT gauge0 and wa&h for any dai3tion f@b 'n@rmal.,-9n EGT gaugg can save, W-r engine from some eapensiw damagt?. If the 

, gauge is a valuable tuning tool h $ n  'y~~~&$$;~p~l,up,the  id loses 011 p-re because of oil pump failure or a Modred 
correct mixture ratio. A learingJbre will'rwii hotterbttianf norK&il pasage,toil pmwn will drc@widdenly; without an dl pressure 
while a rich mixture will ruq<w. than-normal ( & ~ i , l I , ~ ~ u ~ l t y  gauge, you,6ight my 41 ru&the engine until it deaqs iMI. 
make increasingly iess horsepoNr as it1 g&s n'chgfi).' A~.CGT ca@ Many .aftermarket oil pressure gauges can work with the curtin9 d 
also help you identify :'hot spots': 'whizh &n @cur when chopping pressure sending ,uhit. -. 
the throttle f m  a full-throttle situation. Oil tamperrtun gauge - The dl temperatwe gauge tells you the 

temperature of the engine oil, wtvEch is generally a v i d e d  a more 
accurate way of .p i to r in  engine 
.Shift light,. Pr shift ligh % s a m- .*'% LE that can be 

'k 

program* ty come on n r s&fk,, p d e m m i i  p m  IML 
Yw dcyh take your evgbfl the mad m watch shii lighG t becad? of "intensity. a shiftlii$t can be seem out 0, -t)e corner 
of you~/qii A shift light can b kxated on the face Of a rpsW 





Spend some quality time 
with your car's computer 
All modern cars are equipped with 

e*/ .- 
. . .  

sophisticated engine management systems 
run by a powerful computer. You don't have 
to be a dealer mechanic or specialist with 
expensive equipment in order to tap into 
our car's computer. 
Hand-held scan tools are the most powerful and versatile 

tools for diagnosing the engine management systems on 
modern cars. Think of the scan tool as a way to peek inside 
your engine's brain. First, some terminology. OBD stands for 
On-Board Diagnostics; essentially a load of sensors feeding 
information to a computer. OBD cars started appearing in the 
early 1990s. OED-ll is a much more sophist~cated system that 
was introduced in the mid-1 990s. 

On some pre-OED-ll cars, if the dashboard Check Engine 
tight or Service Engine Soon light comes on, you might be able 
to extract stored diagnostic codes with a stmple and 
inexpensive "code reader" which displays the code(s) when 
you plug it into the car's diagnostic connector. Or you might be 
able to put the computer into a diagnostic output mode In 
which it displays the cod&) by flashing the Check Engine light 
on and off. Refer to a Haynes repair manual for your vehicle 
for more information. but on all 1996 and later cars, you'll 
need a scan tool to extract and identify the code(s). And even 

on earlier vehicles, a scan tool will tell you a lot more 
information than the diagnostic code number. 

Little engine modifications like upgraded HT leads or a free- 
flowing air filter will have little if any effect on the ser~al data 
being exchanged between the information sensors, the 
computer and the actuators. But as the number and 
complexity of your engine mods increases, you will sooner or 
later do something that causes a sensor or its circuit to go out 
of range. A scan taol can help you understand how a recent 
modification affects the overall operation of your engine 
because you can "look" at the data. 

A high-end scan tool can also help you diagnose the most 
maddening intermittent driveability problems by allowing you 
to retrieve freeze frame data from the memory of the 
computer. Freeze frame data is a digital recording for the 
interval during which a problem was detected. 

Aftermarket scan tools are now widely available at 
automotive retailers. These tools, which are designed for the 
do-it-yourselfer, are not as powerful or versatile as pro units. 
but they can display all codes, and some of the better units can 
tell you a little about each code and can indtcate whether a 
circuit is operating inside or outside its intended operating 
range. These are best used in conjuction with a Haynes repar 
manual. 







power (red) and illumination (white) 
wmt a witched 1 2 d  terminal for 

swwled 12-90lt tarmlnsl for the 
IllumlnWion win thaL only live when 
t h s d d s l i g k . n ~ o n  





Using the same drill bit, lnsert me gauges into 
drill the hola in the thepillarpod,pllathe 

canfully turn mcr pilkr 
W u p r i d c d a n n d  
mark the podtion of 

t rchg~lgeinnlat iontothe 
pod ~ra 'urr ing w i n g  
awedon fluid to make thc 

Find the oil pressure 

disconnect the electrical 
conmctor. The sender is usually 

Hera's our setup for 

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. 

Wc spliced the power, 
illuminati& and Lnm 
leads from all three 

pillar pod gauges into the same 
leads we used for the 
illumination and earth w i m  for 
the tachometer. Then we routed 
the oil line for the oil pressure 
gauge through the bulkhead to 
the engine compartment. 

-butnotalways-located 
Iommrhcrc 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 nmwc the 
sender - the lower the Kmor 
location on the head or block, 
the more oil you'll lose when 
you remove it. 



- g w g a , h  
tube tha ell arry oil 

krsartthaI&mhto~ -- 
Ji& tha dive d m  



I onlw you'vm W W  th. 
II a hok in the m 

smooth and dean. 
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SmokinJ thomm tyro- 
look- cool, but to get 
.your powmr to the 
ta rmm youJd better 
takm .a hard look at 

vmlinm. 

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. 



r-:i ' 
components: flywheel; clutch disc; pressure I;tate or 
cover; and the clutch release mechanism The 
flywheel is a large metal disc bolted to the back of 
the crankshaft. The clutch cover or pressure plate is 

f 
"-'ted to the flywheel, and sandwiched between 

flywheel and pressure plate a the clutch disc. 
? disc 1s held tightly between the pressure plate 

and flywheel and power IS transferred to the 
gearbox because the disc is spl~ned n the-* and 
rtdes on the splines of the g e a r w  hputjhaft .  
When you need to "release Ndmch",  11ke to 



dutch disc frictkn mrtarkk nm from ~ i k d  to the 
acatk,butmoststreetdutchesuraorpnkorKavlrr 
mrtrrirl for holding pamr with long life and good dutch 
'feel"-notethespringsrroundtheantarofeuhdisc 
huR.yau'uepaCtohave 

of a full circle of fr~cuon ' by the way, we'mgoir~to use the rm "dt&Wb r e f w e  material, d ~ x s  without centre sprlngs (too harsh for road can), 
1 combfnat&m d du&f~ disc and & plate, because they an even multiple-d~x destgns. in the latter case, there wwld be 
I normdiy ate wid as B set, and ~t tm't recommended to intermw studs on the flywheel, one d~sc p S  against the flywheel then 

components d different brands When you make mora power, a wer the studs, another d i i  is added ' and tend to drive with race-style quwk-shiftrryi, the ffictbd Essent~ally there's the frictional 
load W & m h  is g rem blmied, to the point whim a clutches, and usually the discs are 
standard clutch won't las weight a reduced. 

k a n d a r d "  and want a "manlyn When choostng your dutch components, ask dUfch Whlle we may chuckle 
clutch, you can go too far. A really stiff raclng clutch is OK for manufadurers, tunrng specialists and your f n e w  about the 
a dragstrip run, sins you only need -rough the gears l!btdl@ they have used What 
once, but on the road, you'll need Ar k &q for everyday you're koncerned about 

I drtving. Fartunatdy. the aftermarket clu& M m n i e s  have k h e  amount o i  A 



--- - AywklsTire  an importaq part .&ab - .' 
dutch system as w ~ l b b ~  chok 

fl nce use fbr yeais. 

Safety . . ., 
th.ttkduah b of an appfw6d type. At m a w m t s ,  you nuat 
hnnanappmvddutchandf)ywh.el i fyouga~kk~than 
12 seconds. 

under ubwm racing use, en origidtype dutch and W 
c o m b h t h  m h d y  eEpkck in the car. The contimrad heat 
fi#nh.ndgear&angrscancrackafiywhcdordutchplrrrwr 
p l 8 t e t o t i l e p o i n t r r v l w n d l e c ~ c r a n t u i l l l y c o m c r ~ r t .  

kr a quality aQOIovsd HghtuwigM ttywlrscl. Even with the right 
dut&andPlywhacl,?hamaresomacmntranddasesinwhkh 
you will also have to have a '- which b a 1N -inch- 
thidr steel shield that goes around your b d h m h g  to umtain 
s h p n e l i f a n y t h h g ~ . W e s h o u l d a k o ~ t h a t w h e n  
f i t t jngapdommmckndrandorf lywhcd,you~urconb 
~ i , n e w , ~ b o t t s t o ~ r a t h e n l . G o f a s t , b u t  
be safe. 



There aren't a lot of gear ratio choices ! 
for modem cars, and a new ring and 1 
pinion set like this is expensive, but if a you're racing and determine that you , 
need the extra gearing because you're 
running much bigger tyres (slicks) these 
could bc just what you need. 

~ , b u t f o r t n d r o n ) y u s e . a  
nbreakabk rpad Ih thk 

Drhngivarequrltorqusto 

~ a l l y o w n a w p a w e r k g e t t b ~ t r ~ v c r y w d d m l y t o y w r  
newdkks,yacmayneedtoupgrrdcyourhubaswmblytoonewith 
a M l k t ~ d s t r ~ w h a c l s h r d r - t h k o n a k f r a m R o D r i v a  



Wth plenty of &we 
plenty of driveshaft strength. 
middle shaft, and a tripod 

power and torque to start wo 
Not that you're h k i y  parts 
served you will, . 

'C 

' - 1  I I 1 1 0 '  



~ a f e t f  
WealllVKMthamwkiclgonyow'uwcanbedangerous-and 
we'renottdkingaboutthedangcrofkdingyowstreetcredhy 
fitthgnaffdkysorfwrydicclOkay,soyou'dbeharbpushedto 
injumyoorsdffittjngsomecod floormatsorataxdixhdder,but 
t#kk romcrkus mods, and you could be tnading Qngcrocrs 
gramd.Letfbehonea-wehavetoputthissafety~into 
cover ourselves, but now it% in. it wodd be nice if you nead it.. . - 
The only way you'll d l y  bum youdf k if your carf 
running - avoid thii and you won't get burned 
OtheMlise,youriskbumsfromanyhotpartrofthe 
espeddlytheexhaust-ifyou'vegotone,thecat~ns 
fromspilliihotcoobntifyouundotherad&torhoseor 
aspuyoUtwhenpu'rebWinghose. 

investigate any new(y-llvired-in kit 
keepsbbwingfuses-thosewires 



- 
Hauing your car land on top of yw is no laughing matter, and it% a 
nastyacddentwaitingtohappenifyouriskusingdodgyoldydrs, 
brick, and other means of liing/w+ng your car. Please don't. 

Your standard v e h i i  jack is for emergency roadside use only - a 
proper tFpnqc jack and a set of axk stands won't break the 

under the car as well. 
-,-a- 

ultimate wthority on safety, after all. hren if he's normally a 
once a yew, he held save your lie. Think it over. 

onyowbrakes(~lyreatdrums)-tooshort,and,well,the DOwearpogpkswhenusingpawer~. 
Hmeelsarej&Hwltkrgtofdl&.Notnicc.Alsopaymm w ~ d e p ~ d r t g r i n g r k n g h & a ~ a ~ f r ~ m o ~ i n g c n g i n e ~  
ItrboltWruwMnub-raemwppoenlmhrvclrOe DOT&eof fvv l rchsand~whcnwork i fgonrk l r * l .  
tapered washers fitted, to locate proQerly in the wheel. H the 
nuts/bolts mpull Phrwgh" the wheel when tightened, the wheel% DO Keep the work area tidy - 9- a a k h t ~  and losing Parbe 
gonna fall off, isn't it? 

the airbag wiring to run any 
airbag cimrit could set it off' 

tailgate seatsljoints (or even t h g j h  your rear arches, if they'x! 
been trimmed so mucti then's hdes into the car). 

DONIT Rush a jab, or take stupid shortcuts. 
DONIT Use the wrong tools for the pb, or ones Mi don't fit 
DON'T Let kids a pets play arand pur car when you're waking. 
.DON'T Work entiniy done under a car that3 been jacked up. 



Thohuwhapllnhrl(#ubh 
The minute you start down the road to a modifii motor, you stand 
a good chance of being in trarbk with the Man. R seems like 
there4 almost nothing worthwhile you can do to your car, without 
breaking some sort of law. So the an- not to do it at all, then? 
Wdl, no, but ktf keep it red. 

There's this bunch of vehicle-related regulations called 
Commaion & Use. It4 a hugs srt of book, used by the car 
manufacturers and the Depamcnt d lhmqm among othen, and 
itsetswtinbbdrandMitndl&kgalWthatdlPndyou 
in Zroubk. Itf the ultimate wthority for modifying, in theq. But 
few peopk (and even fewer p o l i )  k m u  all of it irrsideout 
and it3 forww being updated and revised, so it's not aften enforced 
tothe letteratthemads&-just incourt. Despitetheercisbweof 
C&U, inhryingtoputmanyguidetothebwarrdmodifying, 
it quiddy becxrmes dear that aknost everything's a "grey area", with 
noone psepared to go on m c d  and say what k okay to modify 
and what3 not Wdl, Mlliarrt. So if there$ no f i  rules (in the real 
world), how are you meant to l i i  by them? In the circu- dl 
wecanpromisetodoishe4,tomakesemeof nonseme... 
AvddkrgIlerb#oInerviowm 
Whydo~omepeoplegetpuYeddlthe time, andothers hadyew? 
~odtendlaboutattWe.We'dJ~tobefreetodriuearound "in 
y w f a c e " , ~ d c M m , ~ f u l l u p , l o u d e x h a u s t ~ ,  
sparksstWng,tyessquedkrg-kn-rothingisabiggerwoomeon" 
totheboysinMuethan"irresporrsible" drivngkethis. Restassured, 

if yow mator4 anywhece near fuHy sorted, the will find 
somethrngtheycannid<youfor,whentheypullyouover-it%adead 
certTryinqnottowindthemuptoomuchbeforethishappens(and 
cer ta in lynotonce~ '~s tDpped)wi l lmd<eforan~ l i fe .~ f  
shawingoff,andthentheref tdringthepee.Sawitforthenextauise. 



Theworstthingfrwnyowpamofwewtsthat,onceyw'vebeen 
sbpped,i tSdmMltothatpart ialar~judgementasto~ 
yowcarSillegd. IfhehheShahga baddayw,smattrmartmauthing- 
offirn'tgomahegyourcaseatdl.lfyoucanperswdehimrherthat 
YOU'R at least taking on k#d whatcs being said, you might be kt off 
w i l h a w a n i r r g . I f i t g o e s W , y o u l l b e m f o r w h -  
while this doesn't mean you'! end up being prosearted for it it ain't 
good Some defects (like wwn tyres) wlW result in a w d e d  "seuen- 
Qyw#rder",\nMchraudyme#15ywhavetofix~deemed 
Hlrona w get the Car - af-ld prarent yarsdl 
proof at a police station, inside seven days, or face prweeubjon. 

lfyoucanmanagetodrivereasm&ysenstblywhenthelawf 
aban, andcan ideallyshowthatyou'vetriedtokeepywrcarlegd 
when you get questioned, you stand a much better cham of 
enpjingyow &tio&ipwith your modded beast. Thisguide k 
intended to help you steer dear of the more obvious Wngs you 
couldgetputled for. Byfe!admg it, you mighteven beabletohaw 
an infamwd, welhnannered dixussion about things kgal with the 
next officer of the law you meet at the side of the mad. As in: "Oh 
really, offker? I was not aware of that. Thank you for pointing it 
out." Just don't argue with them, that3 all.. . - 
The first t h i i  you'll be asked to produce. If you're driving around 
without tax, MOT or insurance, we might as well stop now, as you 
won't be doing much more driving of anything afkr just one pull. 

Okay,soyoudon'tnomdlycwryallyourm~documeftts 
witi lyar-forsafety,pu*vegotthemstarhed~athome, 
havm'tyou? Bvtcanyingphowophofywrlkence, MOTand 
tnswa~e certificae is a good idea. W h i i  they're not kgally-binding 
absdute pmf, producing these in a roadside ctcedc might mean you 
don't have to produce the real things at a capshop later in the week. 
Ylaws a certain responsibility, and confidence in your awn kgahy on 
the mad, too. In some parts of the country, it3 even said to be a gmd 
ideatocanycopiesofwryreceiptsfuyrnrrstereogew-ifthecerSany 
supkionaboutitbeingstokn(surelynot),sunecoppershavebeen 
knowntoconfiscateit(orthecarit3in)onthespotl 

Numkrr'r. 
One of the simplest mods, and one of the to spot (and 
prove) if you're a copper. NouWays. any changes made to the 
standard approved character font (Mh as italics or fancy type), 
spacing, or size of the plate con&uW an offence. Rmnmrbec 
too that if you've moved the rear plate ftQm b or igt~I  spot (like 
from the tailgate reass, during moothing) it still has to be 
properly lit at nigM. You're unlikely to men buy an illegal plate 
now, as the companies making them a n  a b  liable for 
prosecution if you get stopped. It3 all just something else to 
bbms on speed cameras - plates have to be easy for them to 
shoot, and moddmg yours suggests you're ayhrg to e4cape a 
speeding mvktion (well, who isn't?). 

G e t t # r g p u # e d f o r a n i l k g a l p b t e i s f o r ~ - y o u 8 ~ ~ i t  
too easy far them. W h i  this offence only entails a rmall fine and 
oonfiocabkn of the platesD you're drawing unwekome p d i  
aW&n to the nst of yow car. Not smart. At all. 

Llohbr 
Lights of all kinds hate to be one of the single biggest problem 
areas in modifying, and the police are depredngt)c well-informed. 
Light mods are a priority for any mod& - so if they f~ pfop~ly, and 
work, what3 the probkm? 

First off, don't bother with any lighB wkich a~en't fully UK-kgd - it% too much hassle. Being "€-markedn only tmk them kgd in 
Europe, andmostofowE~umsdrivc!onthadght Oneofour 
pmject cars ended up with kft-handdriwe rear dustersD and as a 
result, had no rear reflectors and a rear foglight on the wrong side 
(should be on the right). Getting stopped for not having rear 
reflectors would be a bit ha&, but why risk it, to saw a few quid? 

Once you've had any headlight mods done (other than light 
brows) always have the beam dignment checked - itS part of the 
MOT, after dl. The same applks to any front fops or spots pu'm 
fitted (the various points of law inwkd here are too many to 
mention - light colour, height, spacing, operation with mainldwxd 
headlights - ask at an MOT centre before fitting, and have them 
checked out after fiing). 



I fPbd~raal lyarvfng~,hemightmightqqwsbionthe 
k g a M y o f y o w n e w b l w ~ M b u b s - a r e ~ ~ p a w # f u l ?  
Keepins the bulb packaging in the glovebox might be a neat 
sokrtion here (6MW max). 

Many moddars favour qmyhg tear light dusters to make them 
look trik, as opposed to fepkhg them - but them% trwbk in 
dorehefe,too.Oneofthe~ofgreyarearis-howmuchlight 
tinting k too much? The f n w b t a k m  but notoftcmren 
'cammon sense' comes infO play here. Making your lights so dim 
that they're raked to a feeble red4range glow k pretty dim itself. 
If you're spaying, ordy use proper light-Mng spray, and not too 
many coats of that C d a w d n g  l i  with ordinary spray paint 
is best left to a pro spfayer or bodyshop C i  can be done by rnkkrg 
k& d IXQW with not much paint, for instance). Tinted lightr are 
actually 'more of a pra&em in daylight than at night, so chedc yours 
while the sun3 out. 

~ , ~ n N o w o r Q a b a ~ . O h , d e a r . I t r e e m a t h a t ~ o f  
all kinds have naw been deemed ilkgal for mad use (and that% 
interior ones as well as exteriors, which have pretty much aiways 
ken a no-no). If you fit neons inside, make sure you rig in a switch 
soyoucaneasilytwnthemczffwtrenthebwanives-ordon'tdrive 
aroundwiththemon(ra#itforwhenyou'rsparlredup).~ 
otherroad- ,wFm 
#r- 
Onaofthc~thinpstogoonanybdfar;~dkyJarerigMat 
theheaftofcarmodifying.so~krtarrrPtthcIm? 
W, the first thing every tnppts3 gdng b mwldcr is - are the 

vvtredsnided?He'dmdagoodressontoaonrscyw,butthkk 
anotherinst#lcrHlherPharingcopiesd~mightprrv~uxM. 

Ohwbe, the wheals mustn't rub on, or stid aut from, the 
arches-eittrerdtkrewillprrnretobeaprPbkmifyouget 
stoppd. And you dm> need to drive a modded twtm to get done 
~havinoWW's... 

a route into town that avoids all speed bumps. H you've got 
dkwers, you'l have an easier time tuning out the scraping noises. 

RemembMthat~newbig-boreexhwrtorbadrbo#mustbe 
hung up well enough that it doesn't hi the deck, e m  if you 
haven? abdutdy dammed your car on the fkm. At night, leaving 
a trail of sparks b e h i i  is a bit of a givwway... 
lrrhrwar 
One of the easiest-to-fi pedomam upgrades, and another 
essent&l im if you want to be taken seriously on the street. Unless 
your chosen pipeEsystem is just too damn Iwd, you'd be vrry 
unlucky to get stopped for it, but if you will draw attenth tMs 
way, you codd be Wing yourself bter. 

For instance - have you in fact fitted a homemade straight- 
through pipe, to a car whii uxd tu have a "cat"? By drawing 
Plods attention with that extra-loud system, he couM then ask you 
to get the cars emissions tested -worse, you could get pulkd for a 
'random' roadside emisions check. Fail this (and you wtdy will), 
and you could be right in the brown stuff. Ewn if you re-convert 
the car back to stock for the MOT, you'll be ilkgal on the road (and 
therefore without insurance) vdmevw your loud pipe3 on. Still 
sound like fun, or m l d  you be happier with a back box? 

also worth mmtbhg that your tailpipe mustn't stick out 
beyond thevery b#lrd thecar, or in wyaSherwaywhich might 
bedangerwstopcdcsbiatrr.Corneon-youwereapedonce! 
balyldY 
The popllar bodykb for the UK market have dl passed the rekvant 
tes ts ,andanfu l~ foruscmthe~vchidhsthey ' re  
inttnddfor. Askmgasyou ham? messed up fitting astsna'mrd 
k i t , y o u r h o u l d b e f i n e k , ~ . T h e t r o u b k s t a r t s ~  
youdoyourawn#ttkmodsimdtvll3bdts,Mhasbodgingontlrat 
hugewhdetai(spoikrorfFontak~-itcanbeargued 
in somc caxr that these m ' t  appqhte on rafcQy grounds, and 
youcangetprrrsecubed.Ifanybodywwkisfittedsoitabxured 
yourlighaorsobadyattachedthatabror\gkeercmightMawit 
off,ypucanseetheirpoint.AtkastdrereSnourdrthingasStyle 
- . ~ y e t w y w a y .  
olk.cmo6 
Anything eke we didn't Wink of - is probably ilkgal too. 50q. 
Any questiorrs? l)y the MOT Helpline (0845 6005977). Yes. redly. 

Thanks to Andnw DM of the M i  Inspectorate, Exeter, for his 
help in steering us through this rninefkld! 
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