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SILICONE MUSCLE - Cheap Power Increases for EFI Vehicles

We've bored you, our loyal readers, with the
details of computerized engine management
systems that may have only made sense if you
were a computer nerd. It's time to give some
inexpensive and simple tips on how to legally
hotrod your late model grocery getter. Power
improvements guaranteed or your subscription
cheerfully refunded.

If you've got deep pockets, a computer chip
could provide timing, boost and fuel delivery
mods that may provide an improvement in power
without detrimental side effects. Reduce the risk
of disappointment and ask around for advice on
a chip that works well for your vehicle.

If you don't have the money or a chip is not
available for your car, don't despair. There's lots
of simple backyard hop-ups that will generally
keep your computerized vehicle safe, and legal at
little or no cost while providing real “seat of the
pants” power improvements.

Legalities

Removal of any emission control equipment
is against the law and may not improve power.
Depending on local laws, some of the mods listed
here may be considered “illegal” even if exhaust
emissions are unaffected.

Static Timing

Moretiming advance is the idea here. Find the
position sensor that tells the computer when to
fire the spark plugs. This may be a distributor or
on some newer cars, a sensor on a cam or other
rotating shaft. Rotate this unit to achieve greater
initial advance. Youmay haveto slot a few holes.
Try 5 to 10 degrees additional advance. Check
for engine ping.

Some knock sensor-equipped cars may lose
power if too far advanced due to activation of the
computer auto retard function. It is difficult to
determine when this happens because the
computer will be able to detect pinging before
you can hear it.

Fuel Pressure

Change the fuel pressure regulator to an
adjustable unit. This will allow you to adjust
your full throttle fuel to air ratio. The computer
will not try to compensate for these changes at
wide openthrottle. During part throttle operation,
the O2 exhaust sensor will help the computer
adjust fuel flow to stock levels.

Donotdisconnect the intake manifold vacuum
line from the back of the regulator. This provides
a critical reference to enable the fuel injectors to
operate at a constant pressure differential into the
intake manifold.

Turbo Boost

If you own one of those forced induction
wonder cars, you're in luck - fairly substantial
power increases are close at hand by simply
increasing the maximum boost level. No
electronics involved here. Just place a restriction
in the waste gate piping, between the turbine or
intake manifold and the waste gate.

This restriction will limit the volume of air
that can flow out thereby antificially forcing the
maximum boost level up. Try machining a plastic
plug with a small hole drilled through it to fit in
the pipe. Buy a cheap manifold pressure gauge lo
monitor things. This could really add power.
Waterinjectionmay helpincrease levels if pinging
becomes a problem (cheaperthan an intercooler).

Engine Temperature

A cooler engine is a more powerful engine. To
keep your cool, try a low temperature radiator

thermostat (a 160-175 degree unit will do the
trick). You can expect a minimum of a 5%
increase on the bottom end (less on top end due
to the increased cooling effect of incoming air).

Running too cool may not allow the oil to
warm up sufficiently and may result in a slight
increase in engine wear. Try a good quality
synthetic or lighter weight motor oil if oil
temperature becomes a problem.

Air Temperature

The higherthe incoming air density, the better.
Cooler air is more dense and is therefore worth
obtaining. Anything you can do to avoid heat
buildup under the hood will help increase power
(sometimes significantly). Try a plastic spacer
between the intake manifold and the engine block.

SRYSTA!

by Geoff Yue and Derek Spratt

If there is any intake manifold warming device
used, disable it. This may reduce cold weather
drivability.

Exhaust System

Changing the muffler to reduce back pressure
isnot necessarily abig HP improver. The resulting
noise may not be entirely pleasant either.
However, there are some cars that really make
power gains. V8 carb-equipped Camaros can get
up to a 37% power increase with an end-to-end
exhaust system replacement. Turbo cars exhibit
the biggest improvements due to higher
differential pressure across the turbine.

Have fun. There’s nothing sweeter than free
HP! Write us if you have any comments,
questions, or suggestions. See you next issue,
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SILICON MUSCLE

Automotive manufacturers have almost com-
pletely abandoned the use of traditional engine
components such as carbs and distributors in
favour of state of the art electronic control sys-
tems.

Unlike mechanical systems, computers can
minimize exhaust emissions, and maximize fuel
economy and performance without compromise,
by providing a higher level of accuracy in the
control of engine operation. Fewer components
are required, most of which are highly reliable
due to their electronic nature.

When components do fail or operate incorrectly,
the problem is often automatically detected by
the computer which will activate a waming lamp
and switch 1o a limp mode program that helps
keep the vehicle operating until it can be serv-
iced. Repair time is reduced with the assistance
of builtin test modes which provide details on the
fault type and location. This illustrates some of
the benefits provided by this new technology.
A computerized engine management system
consists of a control module that contains a CPU
(Central Processing Unit) and PROM (Program-
mable Read Only Memory “Chip”) and anumber
of input sensors and output control lines

The operation of the system is quite simple to
understand. The instructions stored in the PROM
tell the CPU to read the input sensors and then use
the PROM look up tables to determine the opera-
tion of the output control lines.

The exhaust gas sensors are used to feedback
information on the air/fuel ratio which is an
important factor in determining emissions, fuel
efficiency and performance. This mechanism
eliminates the traditional requirement for peri-
odic tune-ups.

It's a common misconception that computerized
engines cannot be modified. As long as the
changes do not significantly affect the signals
which the input sensors detect, problems will not
be encountered. Radical modifications may cause
the CPU to think a sensor failure has occurred,
thereby activating its limp mode. This may also
happen if emissions control equipment is re-
moved. If moderation is exercised, the changes
should not cause problems.

A number of companies are marketing replace-
ment PROMs for popular performance cars.
Power increases are possible by reprogramming
the PROM t1ables for maximum performance.
These potential gains (10-15%) have been over-

an Introduction to Engine Management Computers

by Derck Spratt & Geoff Yue

looked by manufacturers in favour of reliability
and driveability.

A word of caution about replacement PROMs is
in order. Some companies have taken short cuts
in their R & D and have found ways to enrich the
air/fuel ratio and advance ignition timing by
forcing operation into the test or limp modes.
This will potentially result in poor part throttle
operation and long term engine damage. Other
companies have done their homework and have
fine products for sale.

Electronics technology brings answers to the
demanding and opposing requirements for emis-
sions, economy and performance. Added to this
are an increasing variety of compatible electron-
ics aftermarket products which are creating a
new era in Hot Rodding.

About the authors: Derek Spratt and Geoff Yue
are associates with Performance Solutions, a
Vancouver business that is developing electronic
performance products for computerized vehicles.
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By Derek Spratt & Geoff Yue

Clean Air,
No Fun, Eh?

Fun or not, your vehicle license will depend
on it by 1992 with the proposed introduction
of new stringent vehicle Emissions Inspec-
tion and Maintenace (I/M) Program in B.C.
This Silicone muscle article is devoted to
keeping your ridein motionin the years ahead.

If you’re one of the 35% of drivers in B.C.
who own a 1975 or newer vehicle that has had
it’s emission control system tampered with,
you may be in for a rough ride.

The proposed I/M Program will enforce
provincial or GVRD emission standards that
are based on federal government regulations
for new vehicles. The levels will be set at a
realistic level for each model year which re-
flect normal wear and tear. The intent of this
program is to reduce air pollution, of which
automobiles account for an amazing 80% of
the total in the Vancouverarea. An effective I/
M Program will be able to reduce emissions
up to 30% by identifying vehicles which are
notoperating properly and directing theowners
to bring them up to emissions compliance.
This is normally a minor expense.

The proposed vehicle testing centers will
perform a general visual inspection (i.e. for
catalytic converters) and some form of ex-
haust gas analysis. The exact testing methods
have not been finalized, but they will be
thorough. The main point here is that your
vehicle will have to look and smell like a
similar factory piece.

Although hot rodders are not being singled
out, pollution control equipment tampering
and removal can increase emissions by up to
500% and will therefore be a natural target of
the inspectors. The federal government is get-
ting serious about new vehicle standards and
is considering the adoption of California’s
1994 standards which are the toughest in the
world. These standards are based on grams
per mile measurements which means new
vehicles will have higher gas milage and
smaller engine sizes.

performance improvement. Some turbos are
the only possible exception, as the additional
backpressure created by catalytic converters
can kill turbo boost and increase lag time.
Catalytic converters are an integral compo-
nentin the design of exhaust systems and need
to be present to maintain the accoustic balance
which directly affects the engine’s torque
curve. No other components cause a loss of
performance. Removal of the air pump, or
Oxygen sensors can seriously affect drivabil-
ity, gas mileage and relia-
bility with little or no per-
formance improvement.
This looks like a bleak
picture for hot rodders with
1975 and newer vehicles.
Some people will certainly
be negatively affected by
the proposed I/M Program,
but performance modifica-
tionsarestill possible. Late

JOIN THE LEAD
TRANSPORTATION TRAINING

problems passing the I/M test. Check out
manufacturer’s claims before purchasing.
Products that only alter the stock setting at
wide open throttle are guaranteed to pass the
I/M test.

We should look at the proposed I/M Program
in a positive light. Clean air is everyone’s
business - we just have to get a little more
sophisticated in outapproach to the 11 second
1/4 mile street machine.

models cars have definite
advantages with their mod-
ern engine management
computers. The goals of
low emissions, good gas
mileage and high perform-
ance can all be achieved
through accurate control of
all functions by the com-
puter. Improving the
breathing ability of these
engines and cranking up
the turbo boost still work -
just don’t go so wild that
the computer freaks out.

Anew generation of emis-
sions-compatible perform-
ance parts are becoming
available, the most signifi-
cant being electronic per-
formance equipment.
Some of the power chips
which have gained wide
acceptance may cause
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SILICON MUSCLE Electronic Fuel Injection Systems

This Silicon Muscle column provides a basic
introduction to the components found in modem
fuel injection systems. We’ll cover each compo-
nent in enough detail to provide the required
background for the next issue - Successful Fac-
tory EFI Modifications. Let's get started with the
intake system.

Intake Air Flow: This is measured by either
of 2 different techniques: Mass Flow or TP/MAP
sensors which are explained below:

Mass flow. A sensor is placed in line with the
throttle body. It consists of a small heater wire
and a temperature sensor. As more air flows into
the engine, the current required to keep the heater
wire at the same temperature increases. This
current is proportional to the rate of air mass
flow, thereby automatically compensating for
changes in atmospheric air density.

Throttle Position (TP) and Manifold Abso-
lute Pressure (MAP). The TP sensor measures
the throttle plate position while the MAP sensor
measures the absolute pressure in the manifold.
With these 2 inputs, the computer can calculate
the rate of air mass flowing into the engine. This
method also compensates for changes in atmos-
pheric air density.

Exhaust Oxygen: Oxygen sensors placed in
the exhaust manifolds act like switches - they
wm on and off at a specific oxygen level. Ex-
haust gas oxygen levels are directly related to the
intake air/fuel ratio before combustion. Aside
from providing the engine management com-
puter with feedback information on the intake
mixture, oxygen sensors also help provide mix-
ture control for catalytic converters which re-
quire precise incoming chemical balances for
proper operation.

Engine Temperature: The computer meas-
ures the coolant temperature to determine the
engine startup enrichment period (usually 0.5 to
5 seconds), the idle speed, the ignition timing,
and general air/fuel ratio.

The exhaust oxygen sensor does not provide
accurate feedback information until the engine
has warmed up. The computer will not rely on the
oxygen sensor output until it senses that the
coolant temperature has reached a certain point.
Until this point is reached, the computer uses pre-
programmed air/fuel values.

Detonation: Some engines have detonation
(knock) sensors mounted in the cylinder heads.
These uncontrolled explosions are caused by
peak flame temperatures and pressures which
exceed the dieseling point of the fuel. When the
computer detects detonation it retards the igni-
tion timing or reduces the turbocharger boost
level, thereby lowering the flame temperature.

Engine Position: The computerneedstoknow
the position of the pistons and valves to know
when to fire the spark plugs and injectors. The
engine speed must also be accurately measured.

fuel. They are actually just electrically controlled
valves. They can only be tumed on or off. To
generate a variable flow rate, they are cycled on
and off at the same rate as the engine RPM with
the ON time increasing in proportion to the
measured air flow into the engine.

A gasoline engine requires approximately 0.5
Ibs of fuel per horsepower per hour at peak
operating efficiency. This value can be used to
calculate the maximum theoretical engine horse-
power based on the maximum injector flow rates.
For a V8 Mustang, the injectors can flow 19 lbs
of fuel per hour, resulting in a 304 hp limit. In
practice, the computer limits the injector pulse
width which reduces this value.

Ignition Timing: Although the electronic
circuits that fire the spark plugs look compli-
cated, all they do is amplify the small computer
output signals. The actual timing is calculated
from engine temperature, RPM, throtile position
and knock sensor inputs.

Although the initial timing can usually be
adjusted extemally, the timing advance curves

are fixed in the computer's memory. Even if a
distributor is present, it no longer has mechanical
centrifugal or vacuum advance mechanisms.

Air Pump and Exhaust Gas Recirculation
(EGR): The air pump and EGR, if present, are
usually operated via electronic or vacuum valves
which are controlled by the computer. The EGR
can be switched off by the computer during wide
open throttle conditions thereby eliminating any
reduction in maximum power.

Automatic Transmissions: Automatic trans-
missions are becoming computer controlled.
Factors such as torque converter lockup, gear
shift points and overdrive control are altered to
suit driving conditions. This helps provide better
fuel economy, performance and smoothness.

Now that we have covered the basic system
components, the business of going faster can be
discussed. See you next time.

- Derek Sprat & Geoff Yue/Performance
Solutions.
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SILICON MUSCLE The Fall and Rise of the Muscle Car

The Silicon Muscle column has become a regular
feature in Motorsport West Magazine. Lastissue's
column provided a brief introduction to the use of
computers under the hoods of today's
performance automobiles. Eacheach future issue,
a different aspect of this new technology will be
discussed: * Fuel Injection

* Emission Controls

* The Combustion Process

« Intake Systems

» Exhaust Systems

+ Applications

* Performance Measurements
This issue’s subject deals with the controversy

over 60's vs. 80's performance cars.

Many automotive enthusiasts who have grown
up wrenching power out of 60's muscle cars are
now attempting to apply outdated principles 1o
late model cars. Sometimes things work, and
sometimes things don't. What is needed is a
better understanding of the basic principles of
performance and computerized engine
management system operation.

1960’s - The Good Old Days

The60’s were characterized by cheap, high octane
gasoline, lenient government emissions and safety
regulations, and strong factory involvement in
molorsports events. Fierce competition between
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the North American automotive manufacturers,
known as the “horsepower wars”, resulted in an
unprecedented number of performance cars
available for sale.

The marketing of these cars was centred on their
power ratings. The quoted manufacturers figures
were “gross” ratings. This method of determining
engine power was largely unregulated until 1971
when the SAE net power rating standard was
introduced.

To determine gross power ratings, the engines
were run on a dyno without the water pump,
alternator, steering pump, air pump, emissions
controls or other accessories attached. Racing
exhaust manifolds with vacuum pumps were
sometimes used. The result: widely differing
and exaggerated power ratings.

The SAE net power rating standard requires all
engine accessories, emission control devices,
and intake and exhaust restrictions to be present
when testing an engine.

Engine torque figures are not well understood by
many car enthusiasts and so the marketing of
factory performance cars has always centred on
horsepower ratings. A broad torque curve is an
asset for a street driven vehicle and also
contributes to overall performance. The 60's
high performance engines were designed to be
high revving in order to produce the greatest
possible horsepower figures at the expense of
low and mid range torque.

1970’s - Doom and Gloom

The 1970’s saw all advances in automotive engine
performance disappear. A combination of factors
caused the extinction of the 1960’s muscle cars:
increasingly stringent emissions and fuel
efficiency standards, new safety standards,
dramaticincreasesin fuel costs and fuel shortages.
The technology requiredto provide low emissions
lagged behind the laws that were enacted. While
the crude emissions control devices that were
implemented reduced the emissions levels, they
generally decreased the fuel economy as well. To
combat this, engine sizes were reduced and
smaller chassis were employed.

1980°s - High Tech Rescue

A number of developments started to change
things around - new technology and the relative
abundance of fuel. After spending years trying 1o
band-aid engines with mechanical emissions
control devices, the digital computerand catalytic
converter were introduced. The automotive
enthusiasts looked on these devices and their
associated wires and sensors as more of the same
evil yet they were a blessing in disguise. They
provided the potential for a revival of the muscle
car era.

Most early attempts at improving the performance
of these new technology engines involved
stripping off these devices. What was actually
happening was very significant - engines no
longerhadtohavelean mixtures, low compression
ratios, and poor drivability. The computer could
finely adjust the fuel flow, timing and exhaust
gas recirculation and the catalytic converter could
chemically clean up what the computer missed.
The engines could now have greater power,
economy, low emissions and drivability without



without conflict.

1990’s - Hot and Getting Hotter

Today's engines now produce roughly equivalent
power to their 60’s counterparts with vastly
improved drivability and reliability. Late model
V8 Mustangs which are rated at 225 net HP
would have been given a gross rating of about
300 HP if produced in the 1960's. The new ZR1
Corvette produces 380 net hp from a 350 cid
engine. This is equivalent to a gross rating of 480
hp, providing 12 second 1/4 mile passes -
something never before achieved with a factory
small block. A

Late model Buick Grand Nationals and Mustangs
commonly run in the 13's. With proper engine
and computer modifications, these cars can run
in the 12's while maintaining complete emissions
legality. This is fast company - faster than almost
any 60's muscle car ever produced.
Thereisnodoubt that electronics will be embraced
by the performance enthusiasts in the future - the
market for these products will increase. The day
will soon come when the hot setup for any
performance machine will be a computer
controlled fuel injection system. It will have to
come, because these systems can out perform
carburetors in all important areas: maximum
power, torque characteristics, part throttle
response and fuel economy.

High performance isn't dead, it just looks
different.

About the authors: Geoff Yue & Derek Spratt are
associates with Performance Solutions,
developers of the Digitune Performance

Computer. *

METAL POLISBHING LTD.

SPECIALIZING IN AUTOMOTIVE ALUMINUM

ALTERNATORS $30.00 AND UP
INTAKE MANIFOLDS  150.00 AND UP
VALVE COVERS (V8'S) 15.00 EACH
WHEELS 35.00 AND UP

7311 ELMBRIDGE WAY
RICHMOND, B.C. VBX 188

270-4443

EST.
m 1978

MACH 1 ENTERPRISES LTD

12259 - 112 AVENUE, SURREY, B.C. CANADA V3V 3K9

1965 - 1973 MUSTANG SPECIALISTS

e =

¥R
o4

TR ITOy

PARTS, SALES & SERVICE - I.C.B.C. COLLISION REPAIRS
NEW, USED AND REPRODUCTION PARTS
VARIOUS PROJECT CARS FOR SALE AS IS OR COMPLETED

PHONE 580-1030/1015

1D Timer Transmissions ANNOUNCING!
JUST NEXT DOOR!

* Automatic Transmissions

* Engines * Tune ups Ulhite Rock Auto Machine Shop
* And General Repair * Complete Engine Rebuilding
536.4666 ':"-?‘ * Domestic & [mpon‘.

BILL VISSER

538-6738

TERRY KERSHAW
Manager

#8- #11-15515 - 24 Ave,, Surrey,(White Rock), B.C. V4A 2J4

* High Performance *Marine

10

CKST

Motorcycle Roadrace Team

Rider: Graham Buck #800

“wishes to thank all its sponsors for their support in the
1989 Race Season at Westwood Motorsport Park

WESTERN MOTORCYCLES LTD.

Castrol Canada Inc.

Microlon ® Canada

EN'S MOTORCYCLE SERVICE

| A

S e,

Motorsport West wishes all competitors a safe race weekend!
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