TRAINING MANUAL

RSA Fuel Injection System

PRECIEION

AIRMOTIVE CORPORATION
Form 15-812B, JAN 1, 1990 3220 100th Street S\W. #E, Everett, WA 98204 USA



This training manual has been prepared and distributed by Precision
Airmotive Corporation , and is intended for training purposes only.
The information presented is of a genral nature only and DOES NOT
supersede any published airframe/engine manufacturer publications nor
does it supersede information contained in Precision Airmotive
published overhaul manuals, service bulletins, service letters or
operation and service manuals. Schematic diagrams are presented as an
aid to understanding basic priciples of operation and bear little
resemblance to the actual operating hardware.

Any questions or comments regarding information contained in this
manual should be directed to:

Precision Airmotve Corporation
3220 100th Street S.W. #E
Everett, WA 98204

Attn. Product Support Department

Information contained in this manual supersedes information contained
in previous publication Form 15-812 dated 6-15-85.

PERMISSION TO REPRINT

PERMISSION TO REPRINT THIS "RSA FUEL INJECTION SYSTEM
TRAINING MANUAL " IS GRANTED, SO LONG AS CONTEXT OF
INFORMATION REMAINS INTACT AND APPROPRIATE CREDIT IS
GIVEN. '




REFERENCE FIGURE 1

Precision Airmotive Fuel Injection Systems are designed to meter fuel
in direct ratio to the volume of air being consumed by the engine at
any given time. This is accomplished by sensing venturi suction and
impact air pressures in the throttle body. Opening or closing the
throttle valve results in a change in the volume of air being drawn
into the engine. This results in a change in the velocity of air
passing across the impact tubes and through the venturi. When air
velocity increases, the pressure at the impact tubes remains
relatively constant dependingupon the inlet duct configuration, air
figure location, etc. The pressure at the venturi throat decreases.
This decrease creates a differential (impact minus suction) which is
used over the entire range of operation of the fuel injection system
as a measurement of the volume of air consumption.
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REFERENCE FIGURE 2

All rec1procat1ng engines operate most efficiently in a very narrow
range of air to fuel ( or fuel/air ) ratios. The Precision Airmotive
injection system uses the measurement of air volume flow to generate a
usable force which can be used to regulate the flow of fuel to the
engine in proportion to the amount of air being consumed.

This is accomplished by channeling the impact and venturi suction
pressures to opposite sides of a diaphragm. This difference between

these two pressures then becomes a usable force which is equal to the
area of the diaphragm times the pressure difference.
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REFERENCE FIGURE 3

Fuel is supplied to the engine from the aircraft fuel system. This system usually
includes a boost pump located either in the fuel tank or the fuel line between the
rank and the engine. The engine driven fuel pump receives fuel from the aircraft
system (including the boost pump) and supplies that fuel at a relatively coanstant
pressure to the fuel injector servo inlet. The engine manufacturer specifies the
fuel pump pressure setting applicable to the specific fuel imjector installation.
The fuel injectors are calibrated at that inlet pressure setting. The settings are
checked to assure that metered fuel flow will not be affected by changes in inlet
fuel pressure caused by normal boost pump ON or OFF operation.

Precision's fuel injection system will, if properly assembled and calibrated, meet
all performance requirements over an extremely wide range of inlet fuel pressures.
Its heart 1s the servo pressure regulator.

The easiest way to explain the operation of this regulator and its relationship to
the main metering jet is to describe a power change which requires a fuel flow
change.

To begin this explanation, we will start from a cruise condition where air
velocity through the throttle body is generating an impact pressure minus venturi
suction pressure differential at a theoretical value of "2". This air pressure
differential "2" is exerting a force to the right as shown in Figure 3.

Fuel flow to the engine, passing through the metering jet, generates a fuel

pressure differential (unmetered fuel minus metered fuel pressure). This pressure
differential, applied across a second (fuel) diaphragm is also creating a force with
a value of 2. This value of "2" is exerting a force to the left as shown in
Figure 3.

The two opposing forces (fuel and air differentials) are equal, and the regulator
servo valve (which is connected to both diaphragms by a stem) is held at a fixed
position that allows discharge of just enough metered fuel to maintain pressure
balance. If the throttle 1is opened to. increase power, air flow immediately
increases. This results in an increase in the pressure differential across the air
diaphragm to a theoretical value of "3". Immediate result is a movement of the
regulator servo valve to the right. This increased servo valve opening causes a
decrease in pressure in the metered fuel chamber, and an increase in fuel pressure
differential across the main metering jet. When this increasing fuel differential
pressure force reaches a value of "3" (equaling the air diaphragm force), the
regulator stops moving and the servo valve stabilizes at a position which will
maintain the balance of pressure differentials, i.e., air and fuel, each equaling 3.

Fuel Flow to the engine s increased to support the higher power level
requested. The fuel diaphragm force being generated by the pressure drop across the
main metering jet is equal to the air diaphragm force being generated by the
venturi.

This sequence of operation is true for all regimes of power operation and all
power changes. The regulator servo valve responds to changes in effective air
diaphragm differential pressure forces and adjusts the position of the servo valve
to regulate unmetered to metered fuel pressure differential forces accordingly.
Fuel flow through the metering jet, and to the engine, is a function of its size and
the pressure differential across it. The servo valve does not meter fuel. It only
controls pressure differential across the metering jet.
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Figure 4.
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REFERENCE FIGURE &

Metered fuel flow is delivered from the fuel injector servo unit to the engine
through a system which usually includes a flow divider and a set of discharge
nozzles (one nozzle per cylinder). A few engine installations do not use a flow
divider. On these engines, the fuel flow is divided by either a single four-way
fitting (4=-cylinder engines) or tee which divides the fuel flow lnto two separate
paths. Fach path incorporates a three-way fitting (6-cylinder engines).

The flow divider consists of a valve, sleeve, a diaphragm and & spring. The
valve is spring loaded to the closed position in the sleeve. This effectively
closes the path of fuel flow from the fuel injector servo to the nozzles and at the
same time isolates each nozzle from all of the others at engine shut down. The two
primary functioms of the flow divider are:

To assure equal distribution of metered fuel to the nozzles at and just
above idle; and '

To provide isolation of each nozzle from all the others for clean engine
shut down.

The area of the fuel discharge jet in the fuel nozzles is sized to accommodate
the maximum fuel flow required at rated horsepower without exceeding the regulated
fuel pressure range capability of the servo pressure regulator.

The area of the jet in the nozzle is such that metered fuel pressure at the
nozzle is negligible at the low fuel flows required at and just above idle. Metered
fuel from the injector servo enters the flow divider and is channeled to a chamber
beneath the diaphragm. At idle, fuel pressure is only sufficient to move the flow
divider valve slightly open, exposing the bottom of a "Y" slot in the exit to each
nozzle. This position provides the accuracy of fuel distribution needed for smooth
idle. As the engine is accelerated, metered fuel pressure at the flow divider inlet
and in the nozzle lines increases. It gradually moves the flow divider valve open
against the spring pressure until the area of the "Y' slot opening to each nozzle is
greater than the area of the fuel restrictor in the nozzle. At that point, respon-
sibility for equal distribution of metered fuel flow 1s assumed by the nozzles.
Since metered fuel pressure (nozzle pressure) increases in direct proportion to
metered fuel flow, a simple pressure gage can be used as a flowmeter indicator. If
the fuel restrictor in one or more nozzles becomes partially plugged by contaminant,
the total exit path for metered fuel flow is reduced. The fuel injector servo will
continue to deliver the same amount of total fuel flow. Therefore, nozzle pressure
will increase, giving an indication of fuel flow increase on the flowmeter gage.

The cylinder(s) having restricted nozzles will be running lean and the remain-
ing cylinders will be rich. RESULT: Rough engine accompanied by high fuel flow
indication. Problem may be caused by partially plugged nozzle(s).

When the mixture control is placed in cut off, fuel pressure to the flow
divider drops to =zero. The spring forces the flow divider valve to the closed
position and immediately interrtupts the flow of fuel to each nozzle. This breaks
the path of capillary flow which would allow manifold suction to continue to draw
fuel in dribbles from one or more nozzle lines as the engine coasts down. Without
the flow divider, this "dribbling" of fuel into one or more cylinders could keep the
engine running for a minute or more.
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REFERENCE FIGURE 5

CAUTION: THE FOLLOWING TESTS ARE INTENDED AS TROUBLESHOOTING AIDS
ONLY AND SHOULD NOT BE CONSTRUED AS CALIBRATION CHECKS
OF THE FLOW DIVIDER. SHOULD A QUESTION EXIST REGARDING
SERVICEABILITY OF A GIVEN FLOW DIVIDER, IT MUST BE SENT
TO A CERTIFIED OVERHAUL/REPAIR FACILITY.

The flow divider can be disassembled in the field for cleaning and inspection.
A scored valve or ome that drags could cause fuel distribution problems very similar
to nozzle problems. Do not attempt tO polish the valve or sleeve with any abrasive
agent. The valve and sleeve are a matched assembly. The valve is not procurable
and if damaged, the eatire flow divider will have to be replaced. The flow divider
can be checked for proper operation and for distribution problems caused by contam-
ination plugging one or more of the outlets. The simplest method to do this is with
the beaker check described for nozzles later in this presentation. An alternate
method would require a locally manufactured differential pressure tester.

If the tester is connected to the flow divider inlet and regulated pres-—
sure is slowly increased from zero, the flow divider valve should open almost im-
mediately (1/2 psig). When it begins to open a difference in pressure will be seen
between the two gages.

If the valve does not open immediately, which 1is indicated by equally
increasing pressure on both gages, it is probably dragging in its sleeve. After
determining that it is opening normally, install caps on all of the outlet fittings
except ome. Increase the inlet pressure slowly to 20 psig. Note and record the
pressure observed on gage #2 at each increment of four psig increase of inlet pres-
sure. Remove ome of the other caps and install it on the first fitting. Repeat the
recording procedure. Repeat this procedure until all four (or six) outlets have
been checked. Pressure readings on gage #2 should be approximately equal at each
step for all of the outlets. 1f the pressure for ome or more of the outlets is
significantly higher, a restriction in that outlet is indicated.
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Figure 5.
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