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WHAT

IS

FUEL
INJECTION @

Fuel Injection is a means of supplying fuel and aic
to an engine. Though its job is similar to carburetion
it is much more efficient in many ways. From the
illustration you can see that the most notahle difference
from carhuretion is that the fuel is not mixed with the
air until the air bas very nearly reached the cylinder.
In the carburetor fuel and air are mixed in the venturi
and the intake manifold transports the mixture to the
cylinders: in a fuel injection system the manifold carries
only air and the fuel is sprayed under pressure into the
air stream, either ar the intake valve port or in the
cylinder itself. ‘The big difference then is in the fact
that the manifold is not required to transport fuel /air
mixture. It has been manifold limitations which have
caused many carburetion problems and which led GM
engineers to develop a new fuel injection system

FUEL DISTRIBUTION

One of the most important advantages of fuel in-
jection is its ahility to divide the fuel equally betwee
all cylinders. From the illustration showing an ex-
aggerated 8-cylinder manifold. it can be seen that when
the manifold carries fuel/air mixture to a variety ol
sizes and lengths of passages, it is very difficult to feed
each cylinder in equal amounts. As a matter of fact
it would not be uncommon to have 15% difference in
fuel/air ratio hetween the leanest cylinder and the
richest cylinder of a given engine with a carbureted
fuel systers. The main difficulty is that air is quite will
ing to flow around corners and through various shaped
passages but the fuel, being heavier, is bothered by
In fuel injection fuel ¢
fed under pressure through a set of calibrated n
one for cach cylinder so that the: fuel charge for
cylinder is virtually equal.

You can see that in the carbureted system it would
be necessary to supply mixtures rich enough so that no
cylinders were too lean. which means that there would

obstructions. curves, etc

be waste in the cylinders which were already rich

enough. The engine equipped with fuel injection can
often be run as much as 10% n it would

have to be with a carburetor and manifold
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AIR LOW

In a carbureted fuel system the intake manifold
must strike a happy medium between low and high
speed requirements. At idle for instance, air flow is
very slight and in order to keep the gasoline mixed with
the air, it is necessary to have small passages to keep
up the air velocity, On the other hand, when power is
required. we would like to have as big a manifold
passage as possible, to allow maximum breathing of the
engine. Naturally, to supply both of these requirements,
the manifold must be a compromise between small and
large passages and results in passages of medium size
which limit both the low and high speed performance,
but provide enough of each to get by,

In the case of fuel injection, the manifold does not
have to carry a fuel/air mixture and, therefore, can be
designed to give the best breathing possible. In fact
the manifold can be made to actually supercharge the
engine at certain speeds. This is done by having a
rampipe for each cylinder so that the air on its way to
the cylinder will be traveling in a long column,
while the valve is open and air is entering the cylinder,
the air flow gets quite a lot of momentum in the ram
pipe. As the piston reaches bottom dead center and
starts back up, air will continue to low into the cylinder
because of air velocity in the ram pipe. At the particular
engine speed where the valve just closes ag the air stops
flowing, an extra charge of air has been trapped in the
cylinder. This effect is called dynamic super charging:
by design of the ram tubes a particular engine speed
can be picked for this effect to occur and quite a hoost
in torque results at that particular point.

MIXTURE HEATING

In a carburetor. miXture temperalure is a problem
during cold operation and it is necessary to bring
exhaust heat through the heat riser in the exhaust
manifold up to the base of the carburetor during warm-
up. The unfortunate part is that this heat remains even
when the engine is warm and often leads to vapor
trouble, in addition to requiring periodic service to
clean out the heat passages.

In fuel injection. on the other hand, fuel and air are
actually mixed in a very warm part of the engine and
no extra heat is required during warmup.

HORSEPOWER

Many engincers feel that we are approaching
practical limits of carburetion i size of venturi, number
of cores, etc., and of course the farther we go in this
direction the more difficult it becomes to maintain effi-
ciency in the part throttle operation.

Since a fuel injection system could supply almost
unlimited quantities of fuel and air, more eflicient
engine perlormance can be realized with today's
engines. This allows considerable room for further
advances in engine design,
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HEIGHT

Styling of todays car has obviously become a very
impartant factor and one of the

hood lines, Carburetor and air ¢l
been reduced year after year until it
possible to build them any lower. Since fuel mjection
does not require a down draft of air intake, it offers
interesting possibilities in being able to reduce height
for [uture styling requirements

ner heights have

OTHER ADVANTAGES OF FUEL INJECTION

Since fuel delivery does not depend on level of fuel
in a bowl, operation of the fuel injection system is very
little affected by maneuvers like tight turns and steep
hill climbing.

Since the fuel is sprayed into the warm part of the
engine, much less extra fuel is required before the
system is operating at normal performance.

Response to the throttle is instantaneous since the
fuel is under pressure at all times and needs only to
be released for acceleration,

Another possibility in fuel injection is that fuel.
since it is supplied separately from the air, can be shut
off completely durng deceleration if desired. This could
reduce the amount of unburned hydrocarbons exhausted
to the air and could also offer some improvement in fuel
economy.

TYPES OF FUEL INJECTION SYSTEMS

Different fuel injection systems can be described in
two ways — by where the fuel is injected and by
whether it is timed or continuous in flow

One system which has been in use for many years
is the timed direct cylinder injection such as used in a
Diesel engine. where the nozzle is right in the com-
bustion chamher and sprays fuel into the chamber when
the piston reaches top dead center on compression, This
system has been successfully used on Diesel engines
but involves rather complicated and expensive timing
devices and pump equipment.

A second system is timed port injection which is
currently offered by several manufacturers. The nozzle
is located in the intake port and sprays fuel toward the
intake valve whenever the valve is open. The timing
equipment required is still rather expensive and there is
sume guestion as to whether the timing of the discharge
has enough advantages to offset the additional cost.

Continuous flow port injection has been used for
some time as an accessory for racing application, Fuel
is sprayed continuously into the intake port at such a
rate that a full charge is delivered over a complete cycle
of the engine. Since injection of this type involves a
nozzle with no valve of any sort, vacyum effects on the
fuel spray have been a problem. With pressure behind
the nozzle and a variety of vacuum values ahead of the
nozzle, it has been very difficult to control fuel flow,
particularly at idle and low speeds.

After testing all the current systems at this time,
GM engineers concluded that continuous flow port in-
jection was the most practical system for American
automobiles, for no system on the marker had been
able to provide the necessary full range in performance.
Therefore, the GM Technical Center Engineering staft
set to work to design a new continuous How fuel in-
jection system.
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GM SYSTEM FEATURES

new fuel injection system is unigue in several
respects, The system containg a float controlled fuel
reservoir for the high pressure gear pump, which elim
inates the need for a pump overlow line to the gas tank
ith this design there is always fuel available for
starting. Since the gear pump is in the reservoir, no
pump plumbing is required.

(o avoid vacuum effects on the nozzle orifice which
have caused previous trouble with continuous flow sys-
tems o vented fuel nozzle was designed in which the
fuel is sprayed directly into atmosphere, across an air
duct and through a small hole into the intake manifold
With this type of nozzle, vacuum effects are nearly nil
and positive fuel contral at all speeds is possible. Other
features include mechanical simp| instantaneous
response, and outstanding performance from low idle
to full power

HOW DOES THE GM SYSTEM WORK

The GM system will be explained in the following
text, first by basic principles, in simplified form. then by
tracing each actual system of operation in a typical
fuel injection unit. Since there are minor differences in
various models for different cars, this will be a general
discussion of a typical unit, On the last page of this
hooklet is a complete schematic drawing, with all the
systems in their proper place and each important part
identified

FUEL INJECTION REQUIREMENTS

The [uel injection system has the same old job to
do that the carburetor has been doing so well for so
many years, It is basically a matter of supplying com-
bustible fuel/air mixture at the cylinder for ignition
with a minimum of waste. To be a satisfactory fuel
system it must be able to change misture ratios for
power and economy and to provide full performance
throughout the range of cold operation, hot operation.
and all driving conditions. The chief difference be-
tween fuel injection and carburetion is thar fuel in-
jection is able to do all these things more efficiently with
potential increnses in both ec y and performance.

NOZZLE PRINCIPLE

In the injection system for a typical & cylinder
engine, fuel is supplied through & matched nozzles. each
of which contains a calibrated orifice. Fuel flow at the
nozzle depends on the pressure pushing the fuel; there-
fare. the control system for combining fuel with air will
be a matter of requlating the fuel pressure to match the
amaunt of wir flowing,
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BASIC FUEL CONTROL

Air entering the system passes through a venturi
and causes a vacuum which indicates directly the
amount of air low, This venturi vacuum, plus the load
on the engine. as indicated by manifold vacuum. pro
vides a control signal which indicates how much fuel
pressure should be supplied for the correct fuel/air
vatio. If air flow increases fuel pressure must increase
If engine load increa fuel pressure must incrense
When air flow or engine load decreases, pressure is
decreased also so that fuel How is less. Therefore, fuel
flow will always be in relation to the amount of air that
is flowing and the load on the engine.
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BASIC FUEL CONTROL

GENERAL DESCRIPTION

The GM system has three basic parts — (1) the
air meter. which must supply air in answer to the
driver's foot and send a control signal to the fuel meter:
(2) the fuel meter which pressurizes the fuel and feeds
the correct pressure to the nozzles in answer to the
control signal from the air meter: (3) the intake mani-
fold supplies air from.the air meter to the engine and
contains a ram pipe for each cylinder. The following
is a step-hy-step description of these basic parts

FUEL SUPPLY

As shown i the drawing, the fuel meter contains
a float controlled fuel bowl very similar to those used
carburetion, Fuel is supplied to the fuel meter by a
conventional diaphragm type pump and passes throt
a ten micron filter before it reaches the fuel meter. Fuel
from the fuel valve splashes directly into the inlet cup
where it spills over more evenly into the fuel bowl to
avoid getting hubbles in the fuel which might he picked
up by the gear pump. Float level although important
is not as critical as in carburetion because the reservoir
is merely a supply for the gear pump.

HIGH PRESSURE GEAR PUMP

In the fuel bowl is a close tolerance gear pump
which is driven by a flexible drive shaft from the elec-
trical distributor at 1/2 engine RPM. The gear pump
can supply pressures as high as 400 PS.I. and has
about twice the capacity of normal engine require-
ments at any speed. Fuel which is not supplied to the
nozzles by the metering system, is spilled back into
the bowl.
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Pressure from the gear pump must be regulated to
provide the right low at the nozzles. Fuel in the meter-
ing system can go either to the nozzles or through
another passage back to the bowl. through spill ports,

yuantity delivered is controlled by o plunger which

moves vertically to close or open the spill ports, In
other words. il high spill is allowed delivery pressure
is lowered or if low spill is allowed delivery pressure
is raised, For high fuel How high pressure would be

needed and the spill plunger would be maved down to
cover the spill ports and force more fucl through the

noz For low flow the spill plunger would he raised
sa that more fuel is allowed to spill and there is less
pressure 1o the nozzles. As shown in the illustration
you could imagine the spill plunger position being
a direct result of the driver's foot on the accelerator
pedal, When the driver pushes the accelerator and
asks more power, the plunger moves downward to raise
the fuel pressure. On the other hand, when the driver
lets up on the accelerator, the spill plunger rises and
decreases the fuel pressure
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Of course the accelerator pedal is not directly con-
nected to the spill plunger. Fuel control is accomplished
by a very precise linkage system which is shown in the
:Juqmlmn One end of the fuel control lever rests
directly on_the spill plunger and controls spill plunger
position. The other end of the lever is connected by
a link to the control diaphragm and the lever pivots
around another part which is called the ratio lever
When the diaphragm pulls the link upward, the lever
end pushes downward on the spill plunger to increase
fuel pressure. When the diaphragm allows the link to
fall, fuel pressure farces the spill plunger upward to
open the spill ports and lower fuel pressure. This link-
age system is so designed that it will balance at the
particular point where the Fuel pressure correct for
the amount of pull on the diaphragm hu linkage
system s carclully counter-balanced so that the anly

forces acting are fuel pressure and diaphragm vacuum
The small counterweight balances the weight of the
fuel control lever itsell. The large counterweight com-
pensates for the weight of the entire system including
the diaphragm, This precise ‘e is necessary if
there is to be o quick reaction to slight vacuum changes
on the diaphragm. The ratio of diaphragm vacuum to
fuel pressure and thus the fuel/air ratio. can be con-
trolled by the location of the pivat point or the ratio
lever, Moving the ratio lever changes the mechanical
advantage of the linkage system. For normal driving
the ratio lever is in a fixed position and fuel pressure
is a result of control diaphragm vacuum When mixture
enrichment is required the lever moved to
change the mechanical advantage of the fuel contral
lever and thus change the fuel/air ratio

o
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AIR METER

The two main parts of the air meter are the throttle
and the venturi. The throttle controls the flow of air
into the system and is connected directly to the
erator through linkage. The venturi is a little different
from the familiar type in which air enters through the
center. It is a very high efficiency venturi ana consists
of a cone shaped diffuser suspended in the hore of the
alr meter, so that air can pass between the outside of
the cone and the inside of the air meter bore, This
type of venturi has hardly any restriction to air How
which is a vital factor in breathing capacity.

CONTROL SIGNAL

Around the venturi is a groove which is open to
venturi vacuum. Venturi vacuum is a measure of air
flow and is used as a control signal, through a tube
to the control diaphragm of the fuel meter. Since the
turi vacuum will always be a direct measure of the
amount of air flowing. the metering system can he
calibrated to feed a certain fuel pressure for a cert
venturi vacuum. and thereby ger the correct fue
ratio to the cylinders

AIR FOR IDLE

r idle the thrattle valve is left closed in the bore
and air is taken through a bypass around the valve
and this idle air is requlated by a large idle a

ment screw. Engine idle speed then can be
by turning this screw in or out to decrease or increase
engine speed. In addition to the air through this by-

pass, a portion of the idle air enters directly through
the air duct in each nozzle.
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IDLE CONTROL SIGNAL
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IDLE CONTROL SIGNAL

At idle speeds and low throttle opening, air flow through the venturi is
so slight that there is very little venturi signal. Since we must supply shghtly
richer mixtures for idle operation, additional vacu roduced into the
signal system to increase the fuel pressure slightly. The passages shown in
the air meter very much resemble the idle system in a carburetor. Below the
throttle valve the idle system is opened to manifold vacuum. The amount of
vacuum allowed to affect the system is controlled by an idle needle. Just above
the throttle valve is a small hole which acts as a bleed at idle and as a vacuum
source when the throttle valve is slightly open. Vacuum in the idle system
is supplied to the diaphragm through a signal tube. The venturi signal and
idle signal come together in a T fitting at the control diaphragm. At idle
and very low sp he idle signal system provides most of the control signal
As the throttle valve opens 1 drops and venturi vacuum in
creases so that the venturi contr the more important signal

IDLE CONTROL SIGNAL DECREASES ~

/AIR FLOW INCREASES —MAIN SIGNAL l

RESTRICTION
DELAYS IDLE
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BOOSTS TOTAL
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™\ MOMENTARY
PRESSURE
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THROTTLE VALVE
opens quickLy | ACCELERATION | ACCELERATION
ACCELERATION

At normal driving speeds acceleration is instantaneous. To
prevent any possible lag at lower speed the signal system contains
a restriction in the idle signal line which retains omentary high
signal at the diaphragm whenever the throttle is opened guickly.
As the throttle is opened the venturi signal increases immediately
and the idle signal drops off. The restriction in the idle signa
line forces the signal to stay higher momentarily until it bleeds
through the restriction so that there is a slight boost in signal
for acceleration
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LOW MANIFOLD INCREASED
VACUUM NOZZLE PRESSURE
FOR POWER

THROTTLE VALVE
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POWER

For power operation richer mixtures are
by moving the ratio lever. Since manifold vacuum is the best ind
power requirements, the ratio leyer is connected to a diaphragm which re
to manifold vacuum. When the load is light and the vacuum is high, the ratio -
lever remains in economy position the vacuum drops with an increase 7 Z»
in engine load, a calibrated spring behind the diaphragm moves the ratio lever 4
to power position. The mixture limits of economy and power ratios are pre-set /
at the factory by stop screws which limit the movement of the enrichment
linkage.

essry and can be
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COASTING SHUT-OFF

In those units which use the coasting shut-off there is a spring loaded
valve in the high pressure gear pump. During normal operation the spring
keeps the valve closed so that Full pressure is delivered to the metering system,
Whenever deceleration causes higher than normal vacuum, a diaphragm over
comes the spring and lifts the valve and allows gear pump delivery to return
to the bowl so that there is no pressure on the metering system. Thus fuel
can be cut off completely except when power is actually required from the

ine.
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COLD ENRICHMENT

In the Fuel injection system there is no choke as
such. Cold enrichment is obtained hy adding more
fuel rather thanchokingoff the i, In the GM system
for cold enrichment; one simply
the power enrichment disphragm
e used until the car is warmed
up: the other introduces manifold vacuum into the
signal system for an additional signal boost during cald
operation. In various applications both systems are
used separately or together. The illusiration shows a
system which will use a signal boost and power enrich-
ment. 1l one or the other anly were used it would
simply be a matter of eliminating one valve and one
tube. In the system shown, vacuum for starting the

twar methods are o
shuts off vacuum
so that power mixtur

17

engine would fiest pull the piston completely down and
hold it there. which would index the lever to open the
boost valve just the right amount and would also move
the external linkage to set the fast idle cam on the
second step position.  Generator current heats a e
we element in the thermostar cover which heats
the thermostatic cail until it begins to relax. As the coil
relaxes the lever gradually moves until the bleed s
closed. At this point there is no Further signal boost but
power enrichment is still used because manifold vacuum
to the enrichment dinphragm is blocked by the spring
loaded check ball. As the coil warms up still more
the lever opens the ball check valve to allow vacuum to
the enrichment diaphragm and return the system to
narmal economy operation
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BYPASS LINE PLUNGER FORCED DOWN,
AT FUEL PUMP SHUTS OFF SPILL
PRESSURE
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STARTING SYSTEM °
Fot cold starting extra fuel is needed to make up for poor
fuel evaporation. At cranking RPM the gear pump delivery is
often not enough for cold starting, so fuel pump pressure is taken
directly from the fuel inlet to the fuel meter through a tube to
the Fuel metering system. A solenoid energized by the starter
circuit pushes the spill plunger down to eliminate all spills and
also open the fuel valve itself so that the starting bypass line can
supply fuel directly to the metering system. As soon as the
engine starts, the system reverts to normal operation
- NO CURRENT TO BYPASS SOLENOID
TO STARTER
CIRCUIT -
/
SRR ONLY GEAR PUMP
THROTTLE OPEN PRESE{INE 10
NOZZLES
‘OPEN THROTTLE
OPERATES ““‘F“'
BREAKS CIRCUIT TO OADING
BYPASS SOLENOID ELE
HOT STARTING AND UNLOADING
For hot starting extra fuel is definitely not needed opening of the throttle would de-choke rhe system and
or desirable. To keep the solenoid from operating. a prevent starting. For hot starting. the throttle should
micro switch is provided so that when the throttle valve be opened until the micro switch breaks the circuit to
is open there is no current to the solenoid. With this the starting solenoid so that extra fuel is not introduced
particular type of starting mechanism it i1s important into the system. On the following two pages are
that proper procedure be used for both cold starts and complete details of a typical GM fuel injection system
hot starts, For cold starts the accelerator should be Each important part is numbered and each number is
depressed once and then rele allowing the throttle listed on the opposite page with the part name and

to be pre-set for starting by the fast idle cam. Further function
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