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ENGINES - DESCRIPTION

BENDIX DIRECT PUEL INJECTION
GEMRERAL

The Bendix direct fuel injection consists of three
major sections; namely, the master ‘control, two
fuel injection pumps, and 18 individual cylinder
head diacharge nozzles.

The master control is very similar to the Strom-
berg "PR" series injection carburetors; the im-
portant difference being that the metered. fuel
from the fuel control unit is piped directly to
the injedtion pumps 1instead of to the usual single
discharge nozzle or discharge bar.

The injection pumps, which may be considered
merely as distributors, accurately divide the
to$al quantity of fuel delivered by the master
control into squal parts, and deliver the equally
divided parts to the engine cylinders at high
pressure, through discharge nozzles screwved into
the cylinder heads.

The discharge nozzles, one in each cylinder head,
are connected to the injection pumps through
high-pressure, stainless steel injection lines.
The path of the 18 injection lines to each of the
cylinders 1s primarily inside the engine, axcept
in the vieinity of the nozzles, and for a rela-
tively short distance from the front of the super-

master control incorporates a fuel head power en-
richment valve, constant head idle spring, rotary
1dle valve, a manval mixture control providing for
"IpDLE CUT-OFP", and an automatic mixture control
unit combining a temperature compensator and an
altitude control.

The main venturl forms a restriction in the alr

Passage and is =0 shaped that when the alr speed
ts increased there 1s a drop of preassure at the

venturi throat. The more the throttle 1s opened
the lower this pressure becomes, thus providing

an accurate measure of incoming ailr,

The boost venturi is placed in the alrstream so
that the tall comes at the smallest restrictlon
in the maln venturl, or at the throat. BHy using
the double venturl system in this manner the
measure of entering alr becomes more accurate.

A boost venturi has twoe purposes: to increase
the alr metering differential and to measure the
amount of alr floving to the engine.

Eight act tubes are spaced around the main

venturi and direct a sampling of lmpact air

through the automatic mixture contrel and alti-

tude compensator needles to "A" chamber. These .
tubes are large enough and so spaced that they

will give an adeguate and accurate sampling of

the incoming scoop alr pressure. At set alti-

tude this pressure varies but slightiy with

changing air speeds.

The re ator is one means of setting up or -
changing fuel pressure in the carburetor. The
Stromberg injection has a differential regulator

charger rear housing to the rear of the supercharger which 1s diaphragm operated.

front housing, where the lines are external. The
nozzles open when the pressure in the injection
lines is great enough to overcome the force of the
nozzle spring (500 PSI), and spray fuel into the
angine cylinders s{ng the intake strokes.

The driving wechanism of each pump is lubricated
by engine o1l, at engine oll pump pressure, fed
through a channel in the mounting flange. The
0il flows through the lower driving mechanlam and
drains back through the bearings inte the engine
oil sump.

Vapor 15 eliminated from each pump through a vent
flpat and valve system in a housing in the top of
the punp. The Ileat is held in place within a
cage, which allows the float to move wp and down
as the fuel level in the pump rises and falls,

Inasmuch as this system 1s a dual pump instal-
lation, it is very important that the two pumps he
synchronized as to the position of the by-pass
control plates which control the output position
of the by-passes. For this reason, there is an
external lever on each pump which, in conjuncticn
with the pusp control diaphragm, controls the po-
sition of the by-pass control plates. These two
lavers are connected through a link rod whieh,
when properly adjusted, synchronizes these two
external levers and,in turn, the position of the
by-pass control plates.

MASTER CONTROL, description and principles of
operatlon

The Stromberg PR-58352 master control is attached to
the regular engine carburetor mounting flange. The

(P“A" chamber is impact pressure, which remains
! practically constant, at one altitude, regardless

of RPNM.

"pt chamber is boost venturl throat pressure
which decreases as e t le valves are opened
and the air speeds up through the throttle body.

Air metering force - the two Dressures "A" and

"RY ape separated by a diaphragm. In opposing

one another they cause this dlaphragm to move,

thus forming the first section of pressure reg-
ulator.

OPERATION

Alr entering the carburetor at the air intake

passes downward through the main venturi plates —
and boost venturl tubes, past the controlling
throttle valves into the supercharger. The boost
venturi tubes, in conjunction with the main ven-
tur! plates, create a suction, which 1s trans-
mitted from the throat of the boost venturl tubes
to chamber B in the regulator. A portion of the
alr entering the air intake flows into the impact
tubes and then through an internal channel, past
the automatic mixture control needles and temp-
esrature compensator, where its flow 1s restricted.
The flow, thus restricted, is termed "regulated
impact preszsure." The regulated impact pressure
is transmitted to chamber A in the regulator and
is greater than the venturl suction in chamber B.
This pressure differential between chambers A and
B, acting on the ailr dlsphragm between these 2
chambhers, produces a force to the right, tending
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to open the poppet vaive. Thils force, termed the
"air metering force," increases or decreases as
the throttle valves are opened or closed to per-
mlt more or less alr to flow through the throttle
unit.

Fuel enters the regulator at the fuel inlet and
passes through the fuel strainer lntc chamber E
of the regulator. The pressure of the fuel in
this chamber 1s delivered by the fuel pump and
is the highest pressure in the carburetor, Fuel
vapor or air is eliminated from chamber E by the
action of the vapor separator. The valve of the
‘separator opens when vapor or alr accumulates in
chamber E and allows the vapor or alr to escape
through a line tc the fuel tank. An identical
system 1s used to vent the unmetered fuel chamber
D. These 2 venting systems are connected by an
internal channel.

Prom chamber E, the liquid fuel flows past the
poppet valve into chamber D of the regulator.

The pressure of the fuel in chamber D is lowered
pressure because of the restriction of the poppet
valve. The fuel at this reduced pressure ls
termed "urmetered fuel,"

As the fuael flows from chamber D of the regulator,
1t passes through an internal channel 1lnto the
fuel control unit, flows past the 1ldle valve, and
thenr through the metering Jets. After passing
through the jets, the fuel pressure 1s further re-
duced. Fuel at this pressure 1s termed "metered
fuel "
another internal channel to chamber € In the reg-
ulator. This results in a pressure differentlal
between chambers C and D acting on the fueli dia-
phragm to create a force to the left, tending to
close the poppet valve. This fTorce is termed the
"iuel metering force.”

The alr metering force (pressure in chamber A
minus pressure in chamber B) acting upon the large
air dlsphragm together with the assistance of the
constant head idle spring creates a force which
shifts the dlaphragm to the right and opens the
poppet valve. As the opening of the poppet valve
incereagés, the pressure of the unmetered fuel in
chamber D increases, permitting more fuel to flow
through the jets of the fuel control unit. This
results 1n an increased fuel metering force (pres-
sure in chamber D minus pressure in chamber C).

The fuel metering force is regulated by and 1is
equal to the air metering force except in the ldle
range.

The constant head idle spring, located in the
poppet valve shaft in the regulator, holds the
poppet valve open in the ldle range (the air
metering force in the idling range is not great
enough to open the poppet valve sufficlently).

This causes the fuel metering force to be slightly
higher than the alr metering force, thereby fur-
nishing the desired mixture enrichment in the

1dle range.

The metered fuel In the fuel control unit flows
upward through the manual mixture control plates
and through external fuel transfer lines to the

fuel injJection pumps,

A portion of the metered fuel Flows through

ENGINES - DESCRIPTION

When the alrplane 1s crulsing and the mixture con-
trol in the flight compartment is in the AUTO-
LEAN position, the fuel flow 1s iimited by the
size of the auto-lean jet, which 1s selected to

give maximum fuel economy. Additional fuel for
"higher power” can be added by moving the manual
mixture control to the AUTO RICH position,
whereupon fuel also flows through the auto-rich
Jet.

A dlaphragm-operated power enrichment valve 1is
incorpeorated in the fuel control unit for take-
off and all high power operation., When the force
of the unmetered fuel pressure on e enrichment
valve diaphragm 1s sufflcient to ovErcome the
combined force of the metered fuel pressure and
the ehrichment valve spring, the valve opens and
allows additional fuel to flow through the open
valve. The power enrichment jet 1s larger than
the auto-rich jet; therefore, a richer mixture
will be obtained whenever the enrichment valve
is open. When the power enrichment valve is
wlde open, the metering of the fuel 1s accom-
plished by the AUTC LEAN, AUTO RICH, and POWER :
ENRICHMENT Jets,

Power enrichment usually starts at about 70% of
Tfull power. Though an engine would develop more
power if the fuel and alr mixture were kept at a
lean ¢rulsing ratic, in the power range it would
overheat and soon start detonating. To prevent
damaging the engine in this manner a rich mix-
ture is introduced intc the combustlion chamber.
The enrichment valve automatically opens to com-
pensate for the sdded fuel needed in the higher
power range. Thls valve is operated by pressure
differential,

The power enrichment delay restriction functions
as the mixture control is belng moved from the
auto rich to the auto lean settling. A drillled
passage in the clover leaf mates with the auto
rich channel as the clover leaf 1is rotated to-
wards auto lean, thereby allowlng restricted un-
metered fuei to enter the metered fuel slde.
Thls additional fuel aids in evading cperation
at Best Power and/or Chemically Correct Power.

SUMMARIZATION OF PRINCIPLES OF OPERATION OF
MASTER CONTROL

Opening the throttie allows more alr to enter
the master control, and since the venturi is
fixed size the only way more alr can enter is
for it to speed up. The design and position of
the boost venturl causes the alr to pass more
raplidliy through the malin venturi, This causes

a distinct low pressure at the throat of the
boost venturl. This area is connected to cham-
ber "B" so that when the pressure is decreased
the diaphragm will move to the right causing the
poppet valve to open mere. This alliows a larger
supply of fuel to enter the injectlon pumps
which distribute it evenly to the c¢ylinders
where fuel 1s mixed with the alr to maintain a
constant and desirable mixture, Closing the
throttle valves restricts the flow of air to
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the engine. This slower alr speed passing through
the venturl increases the throat pressure cf the

boost venturl™which in turn slightly increases the :

pressure in chamber "B". With this greater pres-.
sure in chamber "B" the poppet valve closes
slightly - chamber "A" pressure remains unchanged,
so "A" -"B" is less than before. Due to the fuel
injection pumps regulation, chamber "¢" remalns
constant, but due to the poppet valve partially
closing, chamber "D" pressure drops off slightly.
Chamber "D" pressure decreases as much as "B"
pressure increases. The entire carburetor oper-
ation is based on the formwia A -B=D -C. Since
A -B:D -C the balance would be upset. Basic-
ally: a. A, C and E remain constant pressure. :

wwsb, B rises slightly in pressure as the

airfiow decreases. :
¢, D pressure lowers as much as B rises,.

FUEL INJECTION PUMPS; principles of operation.

Metered fuel from the fuel control unit of the
master control 1is piped directly to each of the
two direct fuel injecticon pumps.

A bypass control sleeve and nine individual by~
pass control plates, hold and position the nine
individual bypass sleeves. Each one of the nine
pump plungers operates inside of one of these
bypass sleeves. The amount of fuel delivered by
the plungers 1s, therefore, controlled by the
position of the sleeves as a unit, which varies
the effective length of plunger strokes. The
plungers have a constant length stroke, as con-
trolled by the wobble plate contour, while the
"effective length" of plunger stroke 1s con-
trolled by the position of the bypass sleeves.

jg,Thg_"Endior Injection” of the plungers is a

Jconstant factor predétermined in the design of

" the injectlon pump.

Fuel in the low pressure chamber of the in-
jection pump enters into the open ports of the
plungers when these plungers are in the retracted
position., As the plungers are moved on their in-
dividual compression strokes by the action of the
wobble plate, the left hand pert in a plunger is
closed by the bypass sleeve, at which time the
actual pumping operation begins. It should be
noted that the bypasses are held statlonary In
relation to the movement of the plungers except
when their position is changed by the action of
the bypass control sleeve and plates for a change
in throttle setting.

As the plunger fmoves to the right, sufficlent
pressure 1s bullt up to overcome the force of the
cheek valve spring (210 PSI), the check valve
opens, allowing fuel to ow into the injection
lines, FPurther upward movement of the plunger
creates a fuel pressure in the injection lines to
produce the 500 PSI hydraulic pressure requlred
to open the cylinder head discharge nozzle and
spray fuel into the engine combustlon chamber
during the intake stroke.

‘flow of fuel to the englne,

The pumping action continues until the right-hand
port in the plunger 1s opened by the annulus and
port in the bushing. The high pressure fuel then
escapes back infto the low pressure area in the
pump body. This relieves the pressure on the
check valve, and the valve closes, stopping the
Fuel is thus trapped
in the injection line, preventing the line from
being evacuated at the next stroke of the plunger.
The point at which the right hand port in the
plunger is opened by the annulus and port in the
plunger bushing is termed the "End of Injection"
and is a fixed, predetermined posltion,

The positlon of the bypasses on the plungers de-
termines the length of the effective plunger
stroke, the length of the effective stroke in-
ereasing as the bypass sleeves are moved farther
to the left on the nlungers toward the pump
wobble plate, The position of the bypasses 1s
controlled by means of the bypass conirol sleeve
and plates which hold them in the same relative
position on the plungers. The bypass control
sleeve 1s connected by the control stem to the
pump control diaphragm. Metered luel pressure

is applied to one side of this control diaphragm,
and boost venturi suctlon is applled to the other
side. The resulting force (metered fuel pressure
minus boost venturi suctlon) overcomes the force
of the bypass control spring, whlch tends to move
the bypass sleeves into the "Idle Cut-0ff" posi-
tion, and properly iocates the bypasses so that
the plungers will pump the total volume of fuel
delivered by the master control.

As the air-flow and fuel-flow through the master
control increases (throttle opened wider), the

metered fuel pressure in the pump becomes greater

and the pressure differential between the two

chambers in the pump control heousing increases.

This. increased pressure differential on the pump .
control dlaphragm compresses the bypass control ’
spring, causing the bypass control sleeve and

plates to move the bypasses to the lefi, thereby
increasing the length of the effective plunger

pumping stroke.

As the air-flow and fuel-flow decreases {throttle
moved towards the cleosed position} the pressure
differential decreases; the bypass control spring
then moves the hypasses upward, shortening the
length of the effective plunger pumping stroke.

When the manual mixture control lever is placed
in the "IDLE CUT-OFF" position, the fuel flow to
the injection pump ceases, reduclng the ruel
pressure on the pump control diaphragm. The by-
pass control spring then moves bypasses to &
position such that, even though the plungers are
traveling their full stroke, the left hand ports
in the piungers will never be covered until the
right hand ports are uncovered. Therefore, fuel
pressure will not be lncreased sufficlently to
open the check valves, and no fuel will be de-
livered to the engine.

A similar action will occur if the fuel supply

is exhausted from the fuel tanks while the alr-

plane is in flight; that 1s, the bypasses willl

be moved to the "IDLE CUT-OFF" position, stop Ry
the fuel flow to the englne, and leave the pump

}_pggigﬁjfgll'of fuel. Then, if the pumps are
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rotated by the "windmilling" of the engine, no
damage will be done to the pumping mechanisms

through lack of lubricatlon, as the fuel in the
pumps wili provide the necessary lubrication. -

THE FUEL ENRICHMENT SWITCHES, on the aft over-
head switch panel, provide a means of opening
the poppet valve in the master control, supply-
ing a fixed amount of fuel enrichment in pounds
independent of altitude, alrspeed and tempera-
“ture, wWhHenever the alr metering control will
not any longer meter correctly due to impact
tube icing.

A fuel enrichment solenold valve, installed on
the accelerating pump mounting boss, ls -connec-
ted by flexible lines to the balance chamber
frent body and the fuel pressure indicator out-
let, Twe restrictions are installed in the bal-
ance chamber, one between D chamber and the fuel
pressure indicator outlet, and one between the
balance chamber and D chamber,

EXHBAUST SYSTEM

Each nacelle has three groups of exhaust stack
and ball Joints; each group of six eylinders ex-

hausts into one of three power recovery turblnes. .
Viewing the engine from the aft end, #1 turbine is .

located at 3 o'cloek, #2 at 7 otelock and #3 at
11 o'ciock. The exhaust stacks, support clamps
and flexible joilnts are interchangeable between
any of the three turbine positlons. Cylinders
#4, 5, 6, 7, 8 and 9 exhaust into #1 turbine.
Cylinders #10, 11, 12, 13, 14 and 15 exhaust into
#2 turbine, and cylinders #16, 17, 18, 1, 2, and
3 exhaust into #3 turbine.

- NOTE: The turbine flight hood clamp bolts
{two for each hood)} should be only finger
tight.

Each turblne is s l1ied exhaust gases from six
cylinders, ree front and three rear, The

gases are directed into the turbine wheel by a
fixed nozzle having 15 stator vanes divided 1into
there is

three 120-degree inlet sectors. Thus,

|
|

NO, 3
TURBINE

TURBINE

CENTER LINE
TOP OF ENGINE

~ ENGINES - DESCRIPTION

one inlet sector or dilscharge area for each si-

amesed pipe. The stator vanes direct the gas in-
to the turblne wheel at the optimum angle, and all
three turbines turn clockwlse when viewed from
their outer end. Their speed 15 proportional to
engine crankshart RPM, and the turbine drive gear
train has an overall ratio of 6.52:1. Consequent-

1y, the turbilne maximum RPM is only 19,000, dur-

ing take-off.

To prevent damaging effects from the high tempera-
tures of the exhaust gases, cooling alr is drawn
from a2 duct on top of cylinders #3, 9 and 15 and
conducted into the turbine assemblies. A tube and
duct assembly delivers the alr between the nozzle
support and the cooling air shieid. An lmpeller
iz provided to force the cool alr through the
assembly and discharge it, together with the ex-
haust gases, from the outer shield outlet. The
cooling air is sealed under the turbine wheel by a
labyrinth type seal facing the underside of the
impeller. The seal prevents exhaust gases and
cooling air from mixing until they are dlscharged
from the outer shleid. 0il from the turbine drive
shaft 1s kept from entering the coolling air stream
by the bellows-loaded seal which is a tight fit in
the nozzle support.

A vibration damper assembly, consisting of spring-
loaded plates and discs, assists in dampening lat-
eral vibrations within the turbine system.

A hollow shaft, splined to the turbine wheel,
passes thru a support clamped te an adapter on the
supercharger front housing. A coupling, splined at
each end, connects this hollow turbine shaft to
the transmission system inslde the supercharger
front housing, the main component of which is the

fluld coupling.

The coupling shaft, located inside the supercharger
Tront Eous%gg adapter, has a bevel gear at its
lower end which meshes with a larger bevel gear

connected by z drive shaft to the fluld coupllng
impeller. The fiuld coupling rear half (runner) is

TURBINE
1

i NO.

CENTER LINE
BOTTOM OF ENGINE

NO. 2

TURBINE LOCATIONS
{LOOKING FORWARD)
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connected by a splined shaft to a pinlon which gg:iﬁswgigme:gigi1;555h§;dd2z2' :ii ﬁgzgz::igly
meshes with the crankshaft drive gear coupled to disconnected on a cﬁla engine gtart until engine
the engine crankshaft. Since oil fllls the fluld oll pressure is obtalned
coupling, the power developed by the turblne 1s _ )
tra:;mitted tofthe crankshaft thru the fluld drive GENERATOR AND ENGINE SHOCK MOUNT COOLING
as e runner follows the impeller, with a normal Cold alr for cooling the generator and the aft sl
slippage of one to two per cent. " of engine mounts 1s obtained Thru a small aﬁ“gssﬂf
Slippage is advantageous in that the intermlittent which extends thru the top of oil cooler forward
exhaust pulses impinging on the turbine buckets fairing into the alr passage for oil cooler, Alr is
tend to set up torsional (twisting) wvibrations 1n delivered thru a blast tube to generator. There 1ls
the turbine drive system. The fluld couplings tend a shut-pff valve Installed in thils blast tube; 1t
40 absorb this vibration and prevent it from belng is operated 1n conjunction with other emergency
transmitted to the crankshaft. At the same time, firewall shut-off valves. The cooling Jets for af't
couplings prevent crankshaft vibrations from being side of engine mounts are suppliled with air from
transmitted to the turbines, and help absorb the generator blast tube taken downstream from the ’///
inertiz loads during changes 1n speed. shut-off valve. Closing the shut-off valve will ~
therefore stop this airflow, The englne shoe¢ :
mount cooling system for the forward side of

mounts is an independent system, and since it is
forward of the inner ring in Zone I, no shut-off '
is provided for cooling air. This cold air for the
engine shock mounts 1is taken from top of cylin-

ders Qiﬁii_gndwl7.

#3 Turbine g
%?& foecal Mounts <

Turb‘me_ Heat
Shield ( Typical }

ne

Gen. Blas’;; Tube

K

Blast Tube Shut-0ff Valve

g JF 2 Turbine

Fa]

#1 Turbine

Power Plant Dynafucal
Cooling System ‘
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Schematic Diagram of Bendix Direct Fuel Injection System, With The D9H3 Direct Fuel Injection Pump.
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