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ENGINE COMPONENTS

1
POWER UNIT

ENGIHES

GENERAL 4, 1

A B8
The Allison model 501-D13 engine is an internal

combustion, gas turbine power unit connected by a
torquemeter assembly and struts to a reduction gear

having a2 single ﬁropeller shaft,

The power section consists of a single=spool

fourteen stage axial flow compressor, a diffuser

section containing six fuel nozzles, and 2 set of

six combustion liners of the cylindrical through-
flow type, a four-stage turbine, and exhaust {jet)

nozzle., An engine accessory drive houéing is
nmounted on the bottom of the forward end of the

compressor.

The reduction gear assembly contains two stages
of reduction driving a propeller shaft. It pro-

vides a 13.5% to 1 reduction in power section-te-

T T
TORGUEMETER REDUCTION GEAR

propeller shaft speed. Kecessary gears and
thelr drive pads are providsd on the reduction

gear ease for accessories, The reduction gear

assembly also incorporates an automatle propel-

ler brake, a negative torqgue signal system, a

thrust sensitive signal system used for auto-
feathering at Take-0ff, and a2 safety coupling,

The torguemeter assembly transmits power
from the power unit to the reduction gear. The
twist of the torquemeter drive shaft under load
is measured electronically and registered as

shaft horsepower on a cockpit indicator.

The twoe tle-struts azssist in carrying the
overhang moments and forees produced by the

propelier and the reduction gear.
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AR FLOW AND COMBUSTION

Through aircraft ducting, air enters the
opening at the front of the power sectlon and is
compressed as it passes through the compressor.
From the compressor, the 2lr enbers the diffuser
section which serves to distribute it equally to
the combustion liners of the combustion section,

Puel is introduced through a nozzle in sach
liner dome and is combined with the air to
maintain constant combustion., The combustion
forms an expanding hot gas which is directed to
the power turbine.

The turbine converts the major portion of
the gas energy into shaft horsepower which is
utilized to drive the compressor and accessories
as required, with the palance of the shaft
horsepower transmitted to the reduction gear box
‘to drive the propeller, A small percentage of
the gas energy passes out the exhaust cone as
Jet thrust.

Bngine gpecifications, based on sea level
standard day static conditions, guarantee the ens
gine will develop at take«off power 2 minimum of -

3460 Shaft Horsepowsr (SHP) through the reduce
tion gear box to the propeller., The jet thrust
developed wlll be equivalent to 290 hors°power.
The total t th 0

-orsepower%:

Curves in Sectionm  , PERPORMANCE, show
expected torquemeter shaft horsepower under
various condltions of ambient temperature, ale-
titude, 2alrspeed, and T.I.T.

EOVER SECTION

From front to rear, the power sectlon can
- be proken down into the general sub-gections
enmumerated below, in wvhich order they will be
briefly discusged:

1, Alr Inlet Section

2. Compressor Section

3. DBiffuser Sectlon

L, Combustion Section

S, Turbine and Exhaust Section
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Air Inlet Houging

AIR INLET HOU3IHG

The eir inlet housing directs and distributes
air inte the compressor rotor. It also provides
the mounting locatlion for the front compressor
bearing, the power section breather, the acces-
sory {(engine} drive assembly, the torquemeter as-
senbly, antl-iclng air valves and the inlet vane
assembly. The inlet air temperature {Tt2} and
inlet air pressure {Pt2) sensing probes are in-
stalled at the front of this sectlon.

The inlet wvane asseuwbly is nmounted on the aft
side of the =2ir inlet housing struts and imparts
the proper direction and velocity to the airflow
as it enters the first stage of the compressor
rotor.

As the eight supporting struts and the inlet
vanes between the center hub and the outer ring
of the casting are subject to icing under certain
atmospherie condltlons, this seetion incorporates
anti-icing valves and passages for directing hot
compressor discharge enti-icing air to the strut
leading edges, 2ir inlet pressure probe, de-
frosting shield around the inlet air temperature
probe, and the inlet gulde vanes., After ac-
complishing this purpose, the air is returnad to
the first stage of the comdPressor.

ACCESSORY DRIVE ASSEMBLY

An accessory drive assembly is incorporated
on the bottom of the alr inlet housing. Hounting
pads for the speed sensitive control, speed
sensitive valve and oil pump {combination pres-
sure and scavenge) are on the front face housing.
On the rear face of the housing are mounting pads
for the fuel control and fuel pump. All of these
accessorles are for operation of the power sec-
tion only. Other accessories are mounted on the
alt face of the reduction gear case,

Compressor

COMPRESSOR SECTION

The compressor ssction is that portion of the
power unit which produces an alr pressure rise.
It has a fourteen-stage axial flow compressor.
There 18 2 pressure rise at each stage. The
first stage rotor blades accelerate the alr rear-
ward into the first stage vane assembly. This
decreases the veloclty of the air to increase the
statle pressure and directs it at the proper
angle inte the second stage compressor rotor
blades. The second stage rotor blades accelerate
the alr rearward into ths sescond stage vane as-
sembly; and so on through the compressor rotor
biades and stator vanes until the alr exits into
the dlffuser aft of the 1lith stage of compres-
sion,

Air temperature and pressure increase as the
alr passes from the inlet housing through the
compressor to the diffuser. The highest air
total pressure 1s at the inlet of the diffuser.
As the alr passes rearward through the diffuser,
the velocity of the alr slows down, causing an
increase in static pressure, The highest static
alr pressure 1s at the inlet of the combustion
section.

Compressor Accelerstion Bleed Valves

* Pour acceleration bleed valves are mounted
around the outside ef the compressor case at the
5th stege and four at the 10th stage. Those at

the 5th stage are manifolded together, and those
at the 10th stage are manifolded together. They
are used te unload the compresser to prevent en-
gine stall and surge between ¢ and 13,000 RPH and
to make it easler to accelerate the engine during
starting. Thesze bleeds are open during low speed
taxl operatlion, and thelr operation is controlled

by _the sveed sensitive valve,
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“Diffuser

DIFFUSER

The diffuser assembly 1is bolted to the aft
end of the compressor housing. It 1s the mid-
structural member of the engine, and one of the
three engine-~to-alrcraft mountings is located at
this peint. 8Six struts form passages which con-
duct compressed alr from the outlet of the 1lth
stage of the compressor to the forward end of
tne combustion liners. These struts also sup-
port the inner cone which provides the mounting
for the rear compressor bearing, the seals, the
rear compressor bearing oil nozzle, the diffuser
scavenge oil pump, and the forward end of the -
combustion inner casing. ’

Bleed Alr
Bleed air is extracted from ports around the

diffuser for engine air inlet scoop, wing and
tail anti-dcing and de-icing, Bleed air is also

extracted from thls section for cross-feeding

Trom one engine to another for gngine starter ope

eration,

The 1lUth Stage Start Bleed Valve

The 1li4th stage start bleed valve is mounted
on the diffuser case and between 0 to 5,000 RPM
bleeds off alr to facilitate the lgnition of the
fuel-ailr mixture during the starting cycle and
to ald in initial acceleration after "light-off",

Six Fuel Nozzles

Six fuel nozzles are mounted at the aft end
of the diffuser. A fire shield is provided at
the rear split line.

DRAIN YALVES

Combustion Chamber Assembly

COMBUSTION SECTION

This assembly consists of an oufer and an
inner casing which form an annular chamber in
which gix combustion liners (burner cans} are
located. Fuel is sprayed continuously during
operation into the forward end of each liner,
During starting, © i s located in
combustion liners . and 5, lgnlte the
fuel~air mixture. All six liners are inter-
comected near thelr forward ends by cross-over
tubes. Thus, during the starting cycle after
ignition takes place in numbers 2 and 5 combuse
tion liners, the flame propagates to the re-
maining liners.

The outer casing provides the supporting
structure between the diffuser and the turbine
section, Mounted on the bottom of the outer
casing are two combustion chamber drain valves
to drain fuel after a false start or at englne
shut doun.

Approximately 25% of the air which enters
the compustion sectlon is required _to burn the

- fuel, Thls air known as “Primary Air" enters

§

the forward sectlon of the combustion liner and
normally reaches a temperature In excess of
30000F in the combustion process. The remaining
air enters the rear section of the combustion
liner and is known as “Secondary &ir", The
secondary air surrounds the liner walls te pree-
vent the flame front from impinging on it_and
also es with the combustion gases to lower
the averzage temperaturec of the gases entering
the turbine.

4




POWER PLANT

«w

s&ssa:@:sag.ssrzﬁsaﬁgﬁaa

b e

Turbine and Exhaust Assembly

TURBIHE AND EXHAUST 8BCTIOH

The turbine inlet cazing 1z attached at its
foruard end to the ocuter and Iinner caembustlon
casings. It houses the forward turblne bearing
and seal asse=zbly, front turbine bearing oll
jet, and the turbine front zcavengse oll pump.
The casing is divided into six equal passngas
by six airfoil struts, Rach of thase psssages
provides the means of locating and supporting
tha aft end of & combustion liner,

Located around the cuter casing ars elghtesn
openings, each fitted with one thermoco >
sembly., Three of these thermocouple aszemblies
gre positioned into each of the s8ixz ccabuation
liners at the outlst of the liners. They pro-
vide 8 temperature indlcation at the turbins in-
let {raferred to as Turbine Inlet Temperature -
T.I,T.}. The thermocouple asszemblies are dual;
viz,, each contain two separate thermocouplasz,
and thus providss for two separate circuits in
parallel. Bach circult measures the average
temperature of 2 set of elghteen thermocouples
and provides 8 very sccurate indlcation of the
gas temperature entering the turbine inlet szo-
tion at all times. One eircuit is used 83 a
signal to thes electronic temperature trim syse
tem {part of the fuel system], The other clr-
cuiu ;s used to provida & temperature Lindics-

tion (T.1.7T. §§§ to the flight dack.

As the power being produced under any given
set of conditionz is dependent upon turbins ine
let temperature, it 1s iwmportant that 7,I.T
indication be accurate,

The turbine rotor masembly consisgts of fonr
turbine whesls whieh are splinsd to 2 turbine
shaft. The entire asse=bly 1z supportesd by
rollaer bsarings et each end,

A turdine coupling shalt assembly connects
the turbine rotor te the ccupressor rotor, and
thus power extracted by the four stages of the
turbine 1s transsittsd te the ecaprassor rotor,
driven accessories, reductionm gear assewbly, end
the preopellor.

The impact and expansion of tha gases of coa~
bustion through tha turbine section enables the
rotor to develop shaft horsepower. As the temp-
erature of the gazes at the turdine inle:t in-
cresase, the work of ths zases throuzh the turbdbins
lnere2ase wnich results in increased horsepower,
devaloped by the turbine roter., The shaft horse~
powaer, davelonad by ths turdine rotor over and
above the ragulremsnta for driving the compressor
rotor and ascessories, 1ls daliversd to the pro-
peller through the torgusmster, safsty couwpling,
and the rednctlion gear asgembly., The fturblns
does not gbsork all of the gas anergy winich
passes throngh 1t., The resmalning enargy in the
gases 13 recoversd through the exhaust {jet)
nozzle as jet thrust.

The turbline vans casing encases ths turbins
rotor 2ssemdly, and retains the four stages of
turbine vane {ststor) assemblies, It is the
structural member for supporting the turbine.
rgar bearing support. The vanes are alrfoll
desion, and servs two basis functioms. These ine
sr2ase the gas velosity prisr to eash turbine
whesel stage, and alse direst the flow of zasas so
that they will impings upon the turbine blades at
the most effisisnt angle.

Phe turhine rear bearing support attaches to
the aft end of the turbine rear vens casing. It
housas and loecates the turkinz rear bearing, the
turdine rear sceavenge pumyp, and the inner ¢x-
haust cone and insvlation. It also forms the ex-
neust {jet}! nozzle for the engine.
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Reduction Gear

REDUCTIOK GEAR ASSEHMBLY

FThe prime function of the reduction gear
assembly is that of providing the mesans of re-
ducing power section RPH {13,820} to the range
of effieclent propeller RPH (1020) It alse
provides pads on the rear face for mounting and
driving the accessories 1llustrated. EAL hy-
drauliec pumps, however, will be electrically
driven, and will be in the hydraulic service
center in the belly of the airplane,

gear assembly has en independ-
1L ica y which includes 2 pressure
pump &nd two scavenge pumps. The oil sugglg is
furnished from & common oil tank which a2
supplies the power ssction.

The reduction

The reduction gear assembly is remotely lo-~
cated from the powsr section, and is sttached by
2 torquemeter assembly and two tie struts,

It has &n overall reduction gear ratio of
13.5% to 1. This is sccomplished through @ two-
stage step-down. The primary stepdown 1z ac-
coaplished by & spur gear train having a ratio ef
3.125 to 1, end the secondary step-down iz by a
planetary gear train with a ratio of 4.33 to 1.
In 2dditicn to the reduction gears and aecessory
drives, the reduction gear assembly inciudes the
following =ajor unitsa:

= Propeller Brake {(prevents windmilling of a
feathered propeller and reduces time for
propiller to come to rest after engine shut
down ).

ative Torque System (NTS) {prevents ex-

cessive drag due to engine fallure or exe
cessive power loss in fllight).

hi 3 ) } {will previde
for auteaatic reathe 1n5 when armed during
take-off}).

z {a safety device backing up

rvpy me Pt

PROPELLER BRAKE

The propeller brake is deslgned so that it
will prevent the propeller from windmilling when
it is feathered in flight {may windmill slowly
at alrspeeds above 225 knots), and also to de-
crease the time for the propeller to come to 2
complete stop after ground shut-down, in which
case brake engagement begins at approximately
3200 RP4., It is a friction type brake consliscing
of a stationary inner cone and a rotating outer
cone which, when locked, acts upon the primary
stage reduction gearing. During normal englne
operation, reduction gear oil pressure keeps the
brake in the released position, holding the
outer and inner cones apart. Wnen the propeller
is feathered, or at engine shutdown, as gear box
o1l pressure drops off, the effective hydraulic
force of the oll system decreases and a spring
force moves the outer member into contact with
the inner member.

There 1s no concluslve ground check of the
propeller brake. Manual, backward rotation of
the propeller may be possible due to several
variables which can prevent friction brake (no
mechanical lock) engagenment in the static con-
dition; however, this 1s not indicative of un-
satisfactory brake operation in flight, Also,
the elapsed time for propeller to cease rota-
tlon on a normal engine shut-down does not re-
flect on brake operation., VWhen a propeller is
feathered, a good check of brake operation is to
maintain airspeed below 225 KIAS and observe the
propeller, If it rotates backward at alrspeeds
below 220 KIAS, possible improper brake opere
ation is indicated; however, the feathered
blade angle must be considered., If this angle
1s too great, a normal brake will be incapable
of stopping backward rotation; likewise, if the
angle 1s too small, forward rotation will re-
sult, Because of feather angle tolerances, the
propeller may still rotate forward when the
blades are set within limits, In which case the
brake has very little effect, .Slow rotation
of a feathered propeller, in elther direction,
has negligible effect on performance.

NEGATIVE TORQUE SYSTEM {NTS)
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HEGATIVE TORQUE SYSTEM (NTS)

Offset propeller drag of & failed turbo-
prop englne far exceeds that of & piston englne
because thae compressor of the turbo-prop ab-
sorbs & graat deal more energy than ths fric-
tional foreces 1in the pilston engine. A plane
powered by turdo-prop engines would tharefore
encounter ssrious control problems, if an en-
gins failed in flight, unless some means uere
provided to reduce the offset drag.

The negative torque system (NS} is designed
to prevent the aircrart from encountering excese
sive propeller drage. This system 1s part of ths
reduction gear, and is completely mechanical in
design and automatic in operation. A negative
toraue value in the range of 300 to 420 horsee.
poyer transmitted from propeller into the reduce
tion gear causes the planetary ring gear to move
forvard, overcoming 2 calibrated spring force,
As the ring gear moves foryard, a plunger 1is moved
forwsard through an opening 1in the reduction gear
front case, This plunger is used to actuate the
propeller mechanism, signaling the propeller to
inerease blade angle (toward feather) until the
abnormal propeller drag and resultant excessive
negatlive torque are relieved, thus making nornal
propeller governor functioning inoperative. The
propeller will not go to the feather position,
but will continue to move through a small blade
angle such that it will not absorb more than
approximately 300~420 horsepower. As the nege=
ative torque 1s relleved, the propeller returns
to normal governlnge
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Thrust-Seneitive Signal Devize

PHRUST SEYSITIVE SIGHAL (733)

The thruat ssnsitlve signal provides the
means for initlating suto-feathering at taike-
off, The systes must be armed if 1% is te fanc-
tien, and & blpoking relay iz provided to prevent
featharing of more than one propellsr. The sys-
tem 4s armed by a cockpit switch and & powar
jever actuated switch. 'The setting eof the powver
lover suiteh iz sueh that 4if operatien is
normal, ths propeller will be devsloping in ex-
cess of 500 lbz., positive tarust. This prevents
anto-fenther exsept when a power loss occurs.

%he system is designed to operate {when
armed) when tha propeller iz delivering lasg than
500 1ba. of positive thrust. Ths propeller shalt

tends to move in & forward axial dilrsction as the
propaller produces thrust. Thiz azlel travasl is
limited by machenieal stops. Forward movemant of
the shaft compresses tue bslleville springs. As
power dacreases to 500 lbs. of thrust, the spring
forcs moves the shaft axlially in a rearward di-
rection. This movement is multiplled through me-
ehaniecal linkaze and transaitted machanicelly to
a pad on the left slde of the reduction gsar front
case, An elestrieal switch, mountad on the casze,
when actunated enarglzes ths feathering cirsul
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Safety Coupling

SAPETY COUPLING

The palety couwpling eould readily be classl-
flod 28 & “Pack-3top” for ths negatlive torque
signal oystsm (¥P8). It has & nezative torwws
setting of spproxzimately 16730 hersspower, gnd in
the event the 5¥S system would net fumection
properly, this systea would uncouple the redug-
tion gear from the power sectiom. 4 doubdle
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SAFETY COUPLING {Continued}

failure would have to occur before it 1s put to
use, failure of the engine to develop power
after it has been running, and fallure of the
NTS system. VWhen the safety coupling disen-
gages, the resulting windmilling drag horsepguerx
is approximately 35 to 75 horsepower alter pass-
ing through a drag horsepower transient of ap-
proximately 1630 horsepower for a fraction of

a second.

The safety coupling is bolted to the forward
end of the torguemeter shaflt and connects to the
gear box by mating splines to the shaft of the
input pinion gear. Thus, 1t becomes part of the
shaft transmitting power from the engine to the
reduction gear assembly. Helical splines inside
the coupling, alded by springs, tend to screw

the coupling into tight contact when engine power

is applied to the torquemeter shaft. When nega-
‘tive torque is applied to the propeller so that
it starts motoring the engine, the helical
splines tend to unscrew, and negative torque in
excess of 1630 SHP will cause 1t to de-couple
automatically. The safety coupling 13 de-
signed to re-engage when power sectlon and re-
duction gear RPM are approximately the same.
Wnenever 1t 1s known that the coupling has dis-

engaged, inspection by Maintenance 1s required.
TORQUEMETER ASSEMBLY
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TORQUEMETER ASSEMBLY

The torquemeter housing and two tle struis
secure and provide alignment between power sec-
tion and reduction gear assembly., The torgue-
meter shaft assembly, wlthin the housing, pro-
vides the means of both transmitting torgue
from the engine to the gear box and of measuring
that torque.

The torquemeter shalft assembly consists
essentlially of a solid shaft and 2 hollow
shaft mounted concentrically. They are firmly

fastened together at the end which mates with
the power unit, thus they rotate 2as one,

Thelr outer, or gear box ends are fitted with
flanges upon which teeth are machined aftsr
assembly, hence the teeth on one ghaft are
accurately aligned with the teeth on the other.
At this end the shafts are not fastened to each
other. The inner {torque) shaft i1s bolted to
the safety coupling, which in turn drives the
reduction gear and propeller., This shaft is
subject to twist as it transmlts torque; the
greater the torque, the greater the twist,

The outer {reference} shaflt provides no driv-
ing force and is, therefore, not subject %o
twist. .

The torquemster plck-up, reduced to 1lts
simplest form, conglsts of two small permanent
magnets, about each of which are several turnz
of wire. It follows that whenever the magnetic
fields are distrubed, an electrical current
#“ill be induced in the windings. The magnets
are accurately aligned and mounted on the
torquemeter housing sc that they protrude - into
the housing, one directly above the teeth of
the torque shaft, the other directly above the
teeth of the reference shaft. As torque ia
transmitted through the torguemeter shaflt ag-
sembly, the torgue shaft twists and the ref-
erence shaft does not; this creates an angular
displacement between the teeth on one as re-
lated to those on the other. This in turn
creates a phase difference between the im-
pulses created at the individual pilck-ups.

The impulses produced at the plck-ups enter
the phase detector where the phase displacement
i8 converted into an electrical signal, proporw
tional to the torgue output of the power unit,
which 18 directed to the indicator located on
the instrument panel. The indlcator scale is
calibrated in terms of shaflt horsepower,

NOTE: “Torquemeter isicalibrated for 13,820 RPHM

Low: RPM readings will not: be accurate.

Spoed Senoittve Controtl

SPEED SENSITIVE CONTROL

The Speed Sensitive Control is mounted on
the forward side of the engine accessories
housing.
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The control is a flyweight type which incorpor-
ates 3 microswitches that are actuated in se~
quence at 2200, 9000 and 13;,000: engine RPM, As
each microswlitcen 1s actuated, electrical cir=
cults are opened or closed, which makes the en-
gine starting procedure an automatic one,

AT 2200 ‘RPM, THE FOLLOWING OCCURS:

NOTE: Puel and Ignition Switch must be
armed ~ ON

- The fuel control cut-off valve is opened at
the outlet of the fuel control.

- Tgnition System -~ ON
-~ Drip Valve - Closed (Energized)

- Fuel Pump Paralleling Valve - Closed -~ Fuel
pumps placed in parallel, and fuel pump
light comes on, indicating operation of
secondary pump.

- Primer Valve = Opens -~ If Primer Switch
held to ON position, will automatically
close when fuel manifold pressure reaches
50 PSI,

L3

AT 9000 RPM, THE FOLLOWING OCCURS:

- Ignition System - Off

-  Drip Valve - De-energlzed {remains closed
due to fuel pressure)

- Paralleling Valve - QOpen - Fuel pumps
placed in series and fuel pump light
goes out, indicating operation of the
primary pump.

- Primer Valve - Disarms circult (already
de-energized by pressure switch).

AT 13,000 RPM, THE FOLLOWING OCCURS:

- The electronic temperature trim system
maximum T.I.T. limit is changed from 830 C

to 977°C.

- Resets maximum possible take of fuel by the
temperature datum valve to 20% rather than
previous 50%.

SPEED SENSITIVE VALVE ASSY

OF BLEED wavES

SPEED SENSITIVRE ¥AL

The Speed Sensitive Valve 1s mounted on the
forward side of the accessories housing. This
valve is a flywelght type, which responds to en=~
gine RPM, When running at lesg than 13,000 RPM,
thls valve 1s positioned so that all the 5th and
10th stage air bleed valve piston heads are
vented $0 atmosphere and the acceleration bleed
valves {5th & 10th stage} are open. Above
13,000 RPM, 1hth stage air is directed by the
Speed Sensltive Valve to the bleed valve pliston
seads, causing the valves to close.
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Ul SYSTEM

1 nltion is only requlred during tic stari-
tne ~,rle since the combustlon process 1s con-
frewin after Inltial Mlight off . Once ignltion
“apes place, Lhe residual Clame In the combustion
Liners continues the combustlon process.

“he lpritlon system 1s a capacitor-discharge
aigh energy type.  The system Includes an ex-
citer and an ignition relay whlch arc mounted on
the upper part of the compressor casing, the
iead assemblles, and two ignition plugs. It op-
crates o 14 to 30 volts DC input. Actually,
there are two Independent systems, as the exciter
is a dual unlt with individual leads going to the
two igniter plugs, one each located in Wo. 2 and
5 combustion liners.

During the starting cycle, as RPN reaches
2200, the speed senslitive control completes an
electrical circult to the ignition relay, pro-
vided the fuel and ignition switch in the cockpit
;ias been armed. This closes the circult to the
exclter, thus providing electrical cnergy to the
igniter plugs. When engine RPM reaches 9000, the
ignition circults are de-energized through the
action of the speed sensitive control,

Tne ignition system-has a maximum continuous
rating ol three minutes. However, to prevent
overncating of the exciter, the operating cycle
shoulginot:besmore: than two {?) minutes ON,
three  (3)iminutes OFF, two (2) minutes ON and
cwenty=three={23 ) minutes ORF.

© oRFERENAT T BOOST PUMP WARN UGHT
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Fuel Pump and Filter Agsembly Scnes Oper‘\lmn

) This assembly includes a centrifugal poost
punp, two spur gear type hlgh pressure pumps
{primary and secondary}, two check valves, a
paralleling valve, a pressure switch, a high
aressure fuel {llter and bypass valve.,

During normal operation, fuel {rom the air-
cralft fuel system enters the engine driven boost
pump and is directed external of the pump assem-
bly to a low pressure replaceable paper cart-
ridge type fllter. From the Tilter the fuel
goes back into the pump assembly to the second~-
ary pump and thence to the primary pump, then
passes through the high pressure filter and
exits to the fuel control.

A differentlal pressure switch, sensing en-
gine driven boost pump inlet and outlet pres-
sures, 1s actuated and illuminates a light on
the fuel control panel on the padestal, when the
differential between the two sensing pressures
falls below 2 set value, Before starting, the
light will be illuminated, but should go out
during the engine start and remain out for all
normal engine operatlion, indlcating proper oper-
ation of the engine driven boost pump,

During engine starts {2200-9000 RPH}, the
paralleling valve ilg actuated by the speed
sensitive control, causing the pumps to operate
in parallel. In this speed rangs {low pumping
capacity) during engine starting, the pumps in
parallel provide the necessary fuel flow re-
guired for the stert,

By meang of the check valves, if elther the
secondary or primary pump fails while the en-
gine is operating, the output of the other will
aubomatically “talke over' and supply adequate
fuel for all engine operation.

The engine fuel pump light is asctuated by &
pressure switch sensitive to secondary pump
pressure., During starts when this pump is in
perallel with the primary pump, the light comes
on, indicating proper operation of the secondary
pump., ¥When the pumps go to series cperation,
the light goes off, as the pressure of the sec-
ondary pump oubtput is decreased by the primary
punp requirements, Thereflore, during starts,

the operatlion of both the secondary and primary

pumps can be ascertained oy observing that the

fuel pump light is out up to 2200 RPM, then

comes on {indicating propsr operation of primary
B h &

Bypass valves are provided for both the high
pressure {ilter and the low pressure Cilter to
allow flow of fuel should the filters become
clogged.

10
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PUEL CCNTROL

The fuel control is a volume metering device
which accepts the output of the engine fuel
punmps, det he th t-of. .0

enTID

and by sensing &

and meters that volume of fuel to ths engine, The

surplus output of the pumps iz by-passed back to
thelr inlet.

Ths volume of fusl metered by the fuel
control is ascbually 1208 of the engine require~
mants, %his excess azmount of fuel peramlts the
electronic fusl trim mystem, located between
the fuel control and the sngine, to "trim" the
amount of fuel thes fuel control sends to tha
engine zo 2 specified turbine inlet tempera-
ture 1s malntained as pre-selected by throttls
poasition.

Should the Blectronic Trim Control malfunc-
tion, it ean bs "locked out". In this condi-
tion it by-passes 20% of the fuel passing
through it, thus the 120% metared by the Fusl
Control less ths 203 by-passed glves 10084 of
tha fusl nesded by the engins for any oparat-
ing condition. In other words, tha engins can
be operated by the fuel sontrol alona without
use of the slestronie fusl trim system, BUT 1t
will b necessary to continually monitor
Turbine Inlast Temperaturss and make neceasary
changes with the throttle to pravent over-

Phe matering valve itself sonszists of ¢we
concentirlie sylinders, each having twe gindew
cut-ocuts on elther gide of equal sizs. %The
larger eylinder is fixed or stationazry in the
fusl control body and 1s ealled the "slaeve™;
the smaller cylinder, called the "valve", fits
inslids the sleeve and may be moved linzarly or
rotationally. When the window cut-suts of the
sleeve and the valve coinsids, & maximuwam of fael
may flow through; as the valve iz moved linsarly
or rotationally, or both, the size of the orie
fice i3 redusad and fusl flow ip restricted.

Aotational movement of the walvwe iz asc-
complished aulamatieally by the Inlet Prassure
Actuater, eommacted to the pressure sensing
Brobe in the compressar alr inlet houszing, to
compensate for metering changesz required due to
variations in atmoszpheris and raz pressurss.
Linsar movemant of the valve 1z accemplished by
throttle movement {(manual), RPH variations ang
tesperature changes (both sutomatic).

For presise contrel of the power oubtput of
the engine, it iz necesasary to aseure that the
volume of fual flow throuzh the meterimz velve
is dirsctly proportionrl to the gize of the
orifica; to do this, the pressure drep acroas
the orifice must be regulatsed., This function
is geccmpliszshed by the dby-pass valve.

temperatures and to ascommodats power varise
tions,

‘sLEEyE.
HELD sTaTionagRy
IN FUEL CONTROL

CONTROLLED By

PREDSuURR CHAN(,ES
THROTTLﬁ MOVE'NT
KPH VARIATIONS
TEMP, CHaNGES

--o-o-o-

TVALVE '~ 2178 i SLEFVDE -~
LINEAR AND ROTARY MOTION
CHANGES SITE OF ORIFILE o
REGULATE FUFL FLOW

%
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METERING VALVE
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METERING e
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vALVE
8y - Pa%s HMETERING
TO VALV
PUP QFE)
I LET

BY-PASS VALVE SCHEMATIC

HETRRING VILVE

Tha velume of fuel flowing to ths engine de-
vends on the opening of the variadle orifice of
the matering wvalve and the praessure differentisl

. asresg that opening.

BY-PASS VALVE

Bntry of fual to the metering vailve {roaz the
puaps 1s through perts in ths by-paszs valve.
Phus, fuel pusy pressure [(salled P1) 1z exerted
beth 8% the entry to the metering valve and en 2
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BY 158 VATVT {Cont'wed)

raym in the by-pass valve., Hetering valvs
outle? prassure {called Po) 1 ported by &
statie lisg ¢o 2 ehember In the by-pass valve on
the opwr - te sids of ths same diaphrugm. It can
br ser, chat the diaphragm senses prespurs dif-
fovre- izl acvoss the mebering valve. P) minus
F2 ;. uvals the pressure drop. Any time thare 1a
» copstant Teel (low through ths fuel control,
Py 2gusls P2 plus spring pressure, and feel by-
paspad back Lo the puxsp inlef will be constant.

Powar changes will change valuss of P1 and
P>. This causass movement ol the diaphregs which
readjusts ths quantity of fuel being by-passed.
Afzer powar changes, P1 eguals P2 plus spring
prezsure again, snd stabilizes ths diaphrags in
a new position te adjust byepass fuel qQuantlily
to the new stabilized condition,
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L. .. STARTING FUEL FLOW

STARTING FUEL RLOY

T-'s starting fuel flow chart plots schemat!-
cral y RPM against required fuel flow. The "steady
state fuel flow”" line represents the amount of
fuel that would b» required to k=ep the anglins
running at & glven RPH. For instance, entering
the chart on the bottom at any RPH {point A} aznd
smoving vertically te interceptlion of the steady
2tate fuel flov lime, thencs moving horizontally
to the left we find that B smount of fuel flow
12 required to keep the engline running at 4 rpa.
This 1s not enough fuel, however, to produce the
povwer required to mcecelerate the engine up to op-
eriting speads. Proceeding verticelly f{rom point
A to the asccelaration fuel curve, thence hori-
gontally left, we find the fuel flow, ¢, that is
required to continue accsgleration for a satis-
factory start. The differences betueen C &nd B
being the amount of fual required to provide the
energy for acceleration alone.

As the engline spproaches opsrating spasasd, it
is necessary to shut off this extra fusl at such
a rate that when tha angine 13 on speed, 13,450
£300 RPM, fuel flouw will colncide very closely
with the staady stats fuel Tlow 1lins. Por this
raagon, ab 12,500 rpm 2 woeaning actlion sstarts
which withdruws the extra fusl, and fuel flow
drops off along ths "back slope" fual flow lina.

3¢ far, tha discussion of atarting fuel flow
mignt be deacribed 2s elementary or ideal. Varie-
ations in sir dansity and their effects on com-
pustion and prop leading muasi »lse be consid-
erad. Frop leoad lines, one for heavy and oune
for light air, wmay bs sasn on aithar slde of
the steady stats fuel flow 1ine. Thass repre-
sent the departures from the idenl aituatlien
which will nore than likely bs encountered in
day in, day out operation. Thalr intercepis
with the back slope line indicate whare HPH may
finally stabilize undsr varying atmospherlc
conditiens, Itidsz interegsting to note that
under gtmospheric conditions which make for
dense heavy gir, the RPH will ba less and THE
FUEL FLOY CREATER than under condiilieons which
tend to make the alr leazz danze or lighter,
Ordinarily, we would expect 2 higher Iuel flow
for the highse RPH.
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METERING VALVE SCHEMATIC

during start

The schematic of the metering valve during
start operation iilustrates how {lywelghts,
expanding outward as engine speed increases,
through a servo piston, rack and gear causes
the acceleration limiting cam to rotate., The
periphery of this cam is shaped to provide the
accéeleration fuel curve. As the cam rotates
with increasing engine speed, motion of its
follower permits the metering valve to move
lineariy {to the left in the 1llustration}, ine
creasing dimension A to provide greater fusl
flow,.

12
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Shown also 1s & schematic presentatlon of the
manner in which the air inlet pressure probe,
through actlon of 2 servo piston, rack and
pinion, alters dimension B to increase or de-
crease fuel flowy as barometric pressure or alti-
tude changes.

T THEOTTLE
Al Al
& AR INLBY
g Y®ar (Trg)
<
MUTERING /

sLEEYE accer cnu/uz\ m
EOLLOWER

SPERD - TEMF
SAAET ACCELCRATION
ST CAM

METERING VALVE SCHEMATIC

12300 :RPM CA MORE

-~  _The Part Throttle Cam is contoured circumfer-

-..entially to provide the "back slope” fuel flow

curve, At engine speeds of 12,500 rpm and &bove
“this cam, through its follower and appropriate
linkage, unseats the zcceleratlion limiting can
and causes opposlte linear motion of the master-
ing valve in its sleeve (to the right in the
illustration) to reduce fuel flow,

The linear contour of the Part Throttle Cam
provides for fuel flow changes due to tempera-
ture variables, and to throttle movement in
lligh Speed Taxyl and all flight regimes, as
shown in the schematic.

GOVERNOK. Ty THROTTLE
PESET
DEVICE

GOVERNOR
SCHEDULING

GOVERNOR
SETTING
ARM

FUEL //” "
FLow, VALVE

© FUEL (ONTROL CAM
GOVERNOR FOLLOWER
N\ FLYWEIGHTS T

FUEL CONTROL GOVERNOR

schematic

FUEL COXTROL GOVERHOR

It can be sesn by studying the fuel contrel

© governor schematic that the force exerted by the

governor spring tends to OFEN the metering valve
to persit maxzimum fuel {low. Cam action, re-
layed through the cam follower, opposes the
spring force and tends to limit the size of the
opening in the metering valve and thereby limi¢
the amount of fuel flow. Should more powsr be
called for from the flight deck, the cam fol-
lower would be moved toward increasse fuel flow,
establishing & nsw limit te which the governor
spring could open the crifice of the metering
valve.

. Ordinarily, as the governor spring expands
to increase fuel flow, 1t might be thought that
the spring force wonld decrease 2s 1t is no
longer under the same compresslion. However, in
order to keep the spring force as constant as
possible with varying fuel flow demands, spring
compression is adjusted through the governor
setting arm by zction of the high lobe of the
governor scheduling cam which 1g hooked up with
the throttle,



POWER PLANT

ENGINE COMPONENTS

FUEL COMTROL {Contlnued)

&

Hatering Valve Overspeed Protection

It wrs said that governor spring force tends
to open he nmebering valve. As overspeed protec-
tion, liywelght action at increasing engine RPH
tends to close the metering valve and reduce fuel
fru. . It can readlly be seen that these two
forces are copposing each other. At &ll normal
engina operating speeds the spring force is
greater and 1t plays its normal function of try-
ing to open the metering valve whlle the cam
system limits the opening to the fuel flow for
the desired pover setting.

Horaally, the propeller system governs engine
spsad. Should the propeller malfunciion and lose

control of the engine speed, upon reaching the
range of 14,330 to 14,530 RPM the force exerted
by the fuel governor flywelghts becomes greater
than the force exerted by the governor spring,
and flyweight action moves the metering valve
toward decrease fuel flow.

Low Sveed Taxl Sstting

It iz dssirable to govern the engine at
10,000 RPHM during some phasez of ground opsra-
tlon to kewp nolse and prop blest at the lowest
possible levels. This is amccomplished by reduc-
ing the compression of the fuel control governor
snring so that spring-flywslght forces will
balance out at 10,000 RPH,

Cne guléteh for easch engine is located on the
forwvard left corner of ths throttle pedestal, The
switch motuates 2 solenold mounted on tha fuel
control bvody. When actusted, the solenoid opens
a port introduecing fuel pressurs into the governor
reset device in such 2 manner thet it removes @
stop from the governor setting arm, permnitting
compression to be relieved from the governor
spying.

.

governor scheduling cam will regulate the amount
of movement of the setting arm - hence regulat-
ing spring pressure for the 10,000 RPM setting.

FPUEL CUT OFF VALVE

The fuel cut off valve is situated at the
outlet of the fuel control. Because of the
eritical temperatures that might result through
inept manual operation, it can be opened only
during the starting operation, at which time it
is opezned automatically. This 1is accomplished
through two elecirical switches in series: the
operating crew must place the Fuel & Ignition
suyiteh to OW prior to starting and the speed
sensitive control closes the circult as engins
speed passes 220 RPH,

The valve iz closed electrically when the
Fuel & Ignition switch 1s placed te OFF, Should
there be a complete electrical fallure, the
cut-of'f valve may be closed manually by pulling
out the emergency handle, In closing thes valve
manually, electrical switching is also completed
which will call for the electrie mctuator to go
to the closed position whenever elactrie cur« -
rent is restored.

FUEL PRIMING SYSTEHM

The fuel priming system may be used during
the starting cycle if an incressed imltial fuel
flow 1s regulired. It is placed in operation by
a spring loaded primer switch on the flight
deeck. PFuel is drawn {rom the pumps upstream of
the fuel contrel, passes through the primer
valve znd is introduced into the fuel control
at 2 point zhead of the cut-off valve which by-
passes the metering section of the fuel control.
This fuel flows through the cut-cff valve,
through the electronic fuel trim valve, then fo
the fuel manifold and fuel nozzles. Priming
fnel does not start flowing until the cut-off
valve opens at 2200 RPM, A pressure switch,
which senses the fuel manifeold pressure, breaks
the electrical circuit to the primer valve
solenoid when the fuel pressure resches 50 PSI,

This will be done, of course, with the throttle an electrical interlock prevents energizing the
in the taxl range of operation, in which range, the primer system after the engine is once started.

14
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ELECTRONIC TEMPERATURE TRIM SYSTEM

INTRODUCTIGN

As a measure of the power developed by a pis-
ton engine we speak in terms of manifold pres-
sure and RPM, The amount of power developed
by a gas turbine engine depends on the heat
energy released by the fuel being used, and
we speak of that power in terms of temper-
ature and RPM; as the 501-D13 is a constant
speed engine, we can refer to power in terms
of temperaturs alone, Some manufacturers
measure this temperature after the exhaust
gases have passed through the turbine wheels,
and refer to it as "EGT" which stands for
Exhaust Gas Temperature. On this engine the
temperature is measured at the inlet to the
turbine and is called "TIT", an abbreviation
for Turbine Inlet Temperature.

The engine is a commercial outgrowth of a gas
turbine model that was originally developed
for the military. One of the military spec-
ifications-~in very general terms--was that
the engine be capable of developing its full
rated power whether using kerosene at an ex-
tremely low temperature or Avgas at an ex-
tremely hlgh temperature for fuel without re-
adJustment of fuel system components. It can
be seen that a given volume of fuel could
vary widely in heat energy potential because
of the extremes in fuel density and BTU con-
tent imposed by this specification., This
engineering problem was answered by the
development of the electronic temperature
trim system.

A thumbnall sketch of this system will help to
understand it. Let'!s say the Pilot has moved
the throttles forward to the take-off position,
Through linkage this sets a potentiometer in
the coordinator to the 971°C setting which is
100% Maximum Rated Temperature (MRT). Re-
member, We refer to power in terms of temper-
ature., This sends a signal to a 1ittle black
box, called the Temperature Datum Control,
which tells it the Pilot wants maximum power,
‘The little black box is also receiving a signal
from the thermocouples around the inlet to the
turbine (TIT), It compares the TIT signal to
the signal sent down by the Pilet, and tells

a valve in the fuel system to "PUT" more fuel
to the engine until 971°C is reached, then ad-
Justs the trim to hold it there. After be-
coming airborne and obtaining proper alrspeed,
the Pilot will reduce throttle to obtain climb
power. This actlon readjusts the potentio-
meter in the coordinator to a lesser value;
the new power reference {temperature) is sent
on to the little black box which compares
actual TIT with that desired by the Pilot,
“"takes" fuel until the desired temperature is
reached, then trims fuel to maintailn temper-
ature regardless of altitude changes. Thus

1t can be seen tnat it is not necessary, as with
a plston engine, to continually readjust throttle
position during climbs and descents.

Many of us are sometimes confused by terminology
when introduced to new egquipment. This may be
because words are used which are strange to us,
or because words with which we are familiar are
used in a different sense, DATUM is a2 word used
frequently in conmnection with fuel system of the
501-D13 englne; and to allay possible confusion
when 1t crops up, it means a reference, or the
point, from which a reckoning starts. To illus-~
trate, sea level 1s a datum or reference from
which surveyors run levels to determine the
helght of terrain; 1t is also the datum from
which altitude of flight is measured; a vertical
line through the nose of an airplane is fre~
quently used as a datum from which fuselage
locations known as "stations" are measured,

A separate datum, or reference, is used by the
electronic temperature trim system for each of
three separate clrcumstances.

{1} A potentiometer set to 830°C provides
over-temperature protection durl en-
gine starts sand whenever engine speed is

speed taxl, Should TIT rise above 830°C,

under ese cilrcumstances, the system

would "TAKE" fuel from the engine until

the TIT is reduced, s o
G411tk

{2)  Another potentiometer set to_977°C pro-
vides the datum when engine spee s

s less than 65° toward its advanced poSi-

tion, It provides over-temperature pro-

ection in the same manner as Jjust de-

cribed.

(3} A variable potentiometer, set by throttle
movement and located in the coordinator,
provides the datum during normal flight
when the throttle 1s advanced beyond the
65° position, The electronic trim system
wlll regulate flow of fuel to the engine
during this phase of flight to keep the
TIT at the temperature reference set by

‘the throvtle, AL take-off, with the co-
ordinator in the 90° position {full
throttlel, the potentiometer is set at
971 C. However, the normal EAL throttle
settings for take-off, c¢limb and cruise
result in potentiometer settings of 950°C,
885°C and 837°C respectively.

The system trims the 120% fuel flow from the
fuel control as requlred for any condition of
engine operation. There are two general ranges
of operation; namely, Temperature Limiting and
Temperature Controlling,
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ELECTRONIC TEMPERATURE TRIM SYSTEM (Continued) adjustment of the throttle regardless of changes
in outside temperature, pressure, or altitude,
Temperature Limiting Temperature controlling requires RPM in excess
of' 13,000 without a "locked in" fuel correction,
Temperature limiting serves to prevent the pos- | and throttle setting above 65°,

sibility of exceeding critical turbine inlet

temperatures during those phases of engine TEMPERATURE DATUM CONTROL

operation when the throttle is less than 65°

advanced, 830°C is used for a datun when the The temperature datum control is the "prain' of

engine speed is below 13,000 rpm; 977°C is the fuel trimming system. It 1s our "little

the datum at englne speeds above 13,000 rpm, black box". Actually, it is an electronic am-

Temperature limiting also occurs when opera- pilfier which uses 115V, 400 cyele alternating

ting with a "locked in" fuel correction above current, Its operation requires having the en~

65° *hrottle setting. gine temperature datum control switch, located
in the upper right corner of the overnead

Temperature Controlling switeh panel, in the NORMAL position, 'There is

] one switch for each englne.
Temperature controlling permits the use of the
throttle fo select a desired Turbine Inlet Tem- The temperature datum control is furnished

perature {power setting) when operating sbove actual turbine inlet temperature data from a
65° throttle position, That pover setting will set of thermocouples, and a reference tenmper-
be automatically maintalined without further ature value or datum,
TO BY-PASS T.D. BRAKE BRAKE SOLENQOID
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ELECTRONIC TEMPERATURE TRIM SYSTEM (Continued)

TEMPERATURE DATUM CONTROL (Continued)

It compares the temperatures and signals neces-
sary corrective action to the temperature datum
valve which trims fuel flow accordingly. In
the temperatupe limiting range (0°-65°) ths
temperature datum control acts onliy when the
liplbing temperature is exceeded, at which

time 1t signals the temperature datum valve

to decrease fuel flow In the te i
controlling range (65°-90°), the T.I.T. is
compared to the rererence temperature set by
the throttle in the coordinator potentiometer;
1 there 1s a difference, the temperature
datum control signals the temperature datum
valve to increase or decrease fuel flow to
bring the temperature back on schedule.

TEMPERATURE DATUM VALVE

The temperature datum valve 15 located be-
tween the fuel controel and the fuel nozzles,
It is a motor-operated by-pass valve which
responds to signals received from the tem-
perature datum control. In throttle posi-
tions between 0° and 65° the valve remains in
a 20% by-pass or "null" position, and the en-
gine operates on the fuel flow scheduled by
the fuel control., The valve remains in the
null position unless 1t is signaled by the
temperature datum control to limit the tur-
bine inlet temperature. The valve then re-
duces the fuel flow (up to 50% during start-
ing, 20% above 13,000 rpm) to the nozzles by~
passing the excess fuel to the inlet of the
fuel pump. When the turbine inlet temper-
ature lowers to the deslred level, the tem-
perature datum céntrol signals the valve to
return to the null position, In throttle
positions between 0° and 65° the control
system 1is in the temperature limiting range.

In throttle positions between 65° and 90° the
temperature datum valve acts to control tur-
bine inlet temperature to a pre-selected
schedule corresponding to throttle position;
this 1s known as the temperature controlling
range. In thils range the valve may be sig-
naled by the temperature datum control to
allow more (high temperature desired) or less
{lower temperature desired) of the fuel to
fiow to the fuel nozzles.

Any specific fuel flow trim correction applied
in the 65°-90° throttle range can be "locked
in" to the temperature datum valve while above
65°, and 1t will be maintained in the 0°-65°
throttle range by placing the Temperature Trim
Switch, located in the lower left corner of the
throttle pedestal, in the LOCKED position,

The fuel trimming system can alsoc be com-
pletely removed operationally from the fuel

NOTE:

system at any time by placing the Temperature
Datum Control Switch, located on the Engine
Test Overhead Panel, in the NULL position.
When the fuel trimming system is thus deacti-
vated, automatic temperature limiting circuits
are inoperative, the temperature datum valve
remains in the NULL position (20% bypass), and
all fuel metering is then accomplished by the
fuel control. Temperature limlting must be
accomplished by throttle adjustment under this
circumstance, and the TIT gage must be monitored
very closely.

Modirflcations to original installation
have been made which results in NULL
configuration being obtained if TDC
switch 1s in either NULL or OFF posi-
tion.

TEMPERATURE DATUM CONTROL -~ TRANSISTORIZED

Temperature adjustments on the transistorized
Temperature Datum Control are made by means of
four potentiometers mounted on the control.
These potentlometers provide for the adjustment
of the start 1imit and normal 1imlt tempera-
tures, and the bias and slope settings of the
controlling temperature range.

4 Temperature Datum Control—
. Transistorized sg/amliox/ ‘

¢ ’

T T ey Fr

RELAY BOX

The relay box is mounted in the engine nacelle

-and contains the relays necessary for sequencing

all automatic and manual control components.
THERMOCOUPLES

There 1s a total of elghteen dual thermocouples,
forming two individual parallel clrcults., One
provides turbine inlet temperabture to the cocke
pit instrument, and the other provides an ac-
tual terperature indication to the temperature
datum control.



POWER PLANT

BLEC® R0NIC TEMPERATURE YRIM SY3TEM {Continued)

SPEED SEASITIVE CONTROL {13,000 RPH switch}

At 13,000 RPM it de~energlizes the solenold
operated valve in the temperature datum valve,
thus switching from 2 maximum "take® of 50% to
one of 20%. It also swiiches the temperature
1initing reference or datum of the temperaturs
datwa control from the 830°C potentiometer to
the 977°C potentiomster.

TEMPERATURE TRIM SYITCH

The Temperature Trim switch, wher placed in
the LOCKED position, causes the datun valve to
lock, Tnis occurs only with the throttle in a

position greater than 66° throttle setting. When

the sulteh is moved to the COHITROLLED position,
it releases the brake.

Due to warlables such as manufacturing toler-
ances, burner and fuesl nozzle dirt accumulations,

fuel densilty variaetions with temperature, and
instrument inaccuracles in bench settings, the

output of one fusl control assembly msy vary quite
widely from that of another. Supposs that all the
plus teolerances were concentrated in one fuel cone-
trol and 211 the minus varlables were concentrated
in another. The first would deliver 23% more fusl

than desired, while the second would deliver 21%
less. In other words, the first would be ex-

tremely rich, the second extremely lean. Renmember
that the gas turbine compressor delivers about 75%

more alr than is normally nesded for combustion,

which means that all the fuel passing throughk the

nozzles 1s completely consumad., Therefore, if 2
turbine engine has a rich fuel control, one that

i3 delivering mora fuel than 1t should, the sngine
will deliver more powar than it should; conversely

a lean engine will dsliver less.

Above the 65° throttle position, the elsctronic

fuel trim system trims the output of the fuel con~
trol so that the fuel flow through the nozzles 1s
neither rich nor lean, but on the schedule set up

by throttle position,

N

5&&5@'@35%%_55:535255553

Raferring to the graph of throttle position
plotted against T.I1.%., we can see that without
fuel trin, in the flight rangs of throtitle sat-
ting {34°-90°}, a rich fuel control wonld give
T,X.%.'s ranging from 568YC to 2078°C, while a
lean one would range from 5169C %o 91996. Rew
mesbering that T.1.T. 18- an-indlcation ol:-power
on“a consfant speed.gas turbine; 1t can be
sesn, evan though the asbove illustrations are
extreme, that we can expect some wvariztion in
ths power outpubt of ona engine as compared to
another when the electronic fuel trim systen i
not in operation; remember it 18 not operating
at throttle sebtting less than 659 {unless
locked in),

The 530-971°C. T.I.T, line on the graph 13
the norm, or desired, pover line. Assuming the
electronic fuel trim system to be working, the
arrows indicate what T.I.T.s might be espected
on reducing the throttles to two engines, one
having 2 fuel control extremely rich, the other
lean. On retarding through the 65° position,
the rich engine would increzse its power out-
put, the lean one would fall off and possibly
cause an offset thrust.

18
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BLIECTROWIC TEAPERATURZ TRIN SYRTH {continued)
I? the fusl cemBrela ef 21l féur engines ef

an Blastra were rieh, with the throttles in the
flight idle poaiticn during en apbroschn for lend-
ing, sufficient oxsess power might exist to sause
a faster than dealred approach speed whish would
cause & tendancy Lo use en.exsessive length of

runway.

Cn the other hand, with four lean engines,
tha tendency would be toward undershooting and
the propellers might sven do a 11%tle Kideing

during a8 landing approaeh.

To eliaminate these unde;ira;le oharsc%egs )
jsties it is possible to "look in" the eliégfeniﬁ/
fuel trim by setting the Tempersturs Trim Switech
whan ths throttles asre above the 65° position.

Then as throttles are retarded for & landing
epproach, fuel flow should bes neither rich nor
lean, but ¢trimmed properly so that all T.I.T.'s
will reduce in a straight line relation with
throttle position,

Whenever thée temperature datum brake is
locked, the §77°¢ potenticmeter is switched in
83 the reference for the temperature datum control
and the slectronic tesperature trim system will
provide over-temperature protection at this fige
ure, Sheuld an ever-temperaturs ossur, tha slege
tronic system will sutematically unlesk the T.D.
valve brake'snd send & "take” signal to the T.D.
valve until the ever-tesperature scndlitlen is
The brake rezains unlooked unless

corrected,

reset.
TEHPERATURS TRIN LIGHT

The vemperature trim 1light will be 0N in the

throttle range 09-£9%, indicating cperabicam im.

position.

In ths throttle

the tezperature limitlng renge..

indicating opara-

range 65°9-90% 1t will be &

ion in the temperature control range. It wlll
;2180 be é?? 1n the 09-659 throttle range vhen

_the Temperature Trim Switch is in the LOCKED

Hewever, 10 an overstemperature
coourg with the brake locked the light «€113

ceaq;gﬂ;: Whern the temperature $rim light is

_OFP, it indlestes that the electrenic tempera~

ture trim aystem is making a fuel flow correc-

tlon {put or teke) and when the 1ight is OH, it

dndleates that ne correstion 1s being mede, or

¢here 18, or has baen, an over-temberature
eonditien,
ENGINE TEMPERATURE DATUM CONTROL SWITCH

The engine Tesperature Datus Control Suitch
mugt be placed in the NORMAL poszltion for the

" sleetronie temperature trim system o function,

¥hen placed in WULL, the syatem 1s inoperative
and the temperature datum valg@ returng to the
null positisn, bypasaing 208 of the 1208 of

fusl furnished by ghe fusl confrol.
metering of fuel 4is now sccomplished solely by

The

tha fusl conbtrel, Clossr moaitoring of turs

bine inlet tesmperature is rFeguizred, and 1%
sheuld be remcmbered that over-tamperature
protestion is lost, The switeh has a third

position-=07F, When in this pesition, the same

{ conditienz 2pply as In the WULL pesition,

19
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CO-ORDINATOR MECHANICAL LINKAGE

LUORDINATOR

Tz coordinateor is mounted on the rear of the
fuel contrel, It is 2 mechanical davice which
coordinates the throttle, ths Emergency Handle,
the propellsyr, ths fuel control and the electronic
trimming system. Hovements of the throtile are
transmitted to the coordinstor aznd, in turn, to
the fusl control and the propeller by a series of
l=vars and rods.

Ho matter what the throttle pesition = be,
when the Emergency.Handle is.pulled out it moves
the propeller-linkags. towsrd feather, energlzes
the feather solenoid, end .cloges tha fusl cubt=off
valve both mechunically end glectrically.

A sesle, calibvrated frem 0% to 90° s
fastened to the cutslde of the coordinator cass,
und 2 polinter 13 secured to the coordinator pain
shaft where the throtitle linkage isg tied in., Yhen
maklng relerence to throttle position in degrees,
1t is dctually the position of the pointer on the
coordinator scale that is meant. Por instanss, 0°

throttle setting {full reverse positien) means
that the polnter iz at 02 on the coordinater
scale, which is ususlly referred to 83 2
guadrant as 1%t covesrs 909,

A variable potentiomsier in the cosrdinator
is nctuated. by m sactor gear mounted on the
egordinator main shaeft. Hovemsnt of the
throttle changes the resistance of the poten~
ticmeter, and thus changes thae reference signal
sent to the temperaturs datum contrel wvhen the
slectronic fuel trimming system is in opera-
tion (639-90° throttle posftion), thus making
T.1.T. a2 function of Chrotitle pes&ti&a.

Propeller blade ansle 15 sonheduled by the
throttle in the tazl {0%-34°%) pa of threttle
position.  In the fllgh:t renge (}§§»90°), the
propellier is governing and blade angle will vary
to keer the engine on speed at 13,826 Ry,
Throttle movement in this range serves primarily
to change fusl flow and alse to change proaaller
hydrauliic piteh stop settings.

&
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COORDINATOR (Continued)

Cams on one of the internal shafts of the
potentlometer operate two microswltches. One
i1s operated at the 65° quadrant position, which
transfers the reference signal source of the
electronic fuel trim system from the 977°C lim-
iting potentiometer in the temperature-adjustment
box to the controlling potentiometer in the co-
ordinator which is varied by throttle setting.
The condition changes from one which protects
T.I.T. against over-temperatures to one which
provides T.I.T. selection (power setting) by
throttle position. The other microswitch is
actuated at 66° and affects the temperature
datum valve brake. It permlits electronic fuel
trim to be "locked in", when the throttle is
past 66° by placing the Temperature Trim Suitch
to the LOCKED position,

ENGINE STARTER

The engine starter is an air-operated unit
econsisting of an air turbine, reduction gearing,
engaging mechanism, spline drive to mate with
the. englne starter drive shaft and automatic
controls. Alr is ducted into the starter inlet,
through the turbine section te the outlet and
overboard through the outlet duct, Two integral
centrifugally operated, speed sensitive switches
are used to terminate starter operation and to
glve overspeed indication.

Normal termination of starter operatlon is
by a switch which opens at an engine speed of
8240.8650 RPM at which time the starter button
should "pop out", (Button should be manually
pulled out if it does not "pop out".) Faillure
of the clutch to disengage will result in the
starter being driven by the engine to an over-
speed condition, When the engine speed reaches
93003500 RPM, the second switch closes, and the
overspeed light is illuminated. Immediate term-
ination of englne operation is necessary to pre-
vent serious damage to the englne starter.

To prevent overheating of starters, the
followlng recommendation should be ob-
served:

NOTE:

~ After making three consecutlve start
attempts, not more than two being with
high idle bleed air, the engine start
system should be examined and at least
31 minubtes should elapse before repeating
starting attempts,

- After making four consecutlve start
attempts, none being made with high idle
bleed alr, the start system should be ex-
amined and at least 22 minutes should
elapse before repeating starting attempts.

- Maximum of 2 minutes motoring in any 22
minute period. )

STARTER OVERSPEED LIGHT

The starter overspeed light is located ad-
Jacent to the Start Switch. The starter over-
speed light will come on during an englne start
if the starter clutch falled to disengage and
the engine drives the starter turbine to the
9300 500 rpm speed range.

Modifications have been made to the
starter and starter overspeed warning
system, so that it is not now normal
for thz overspeed light to blink at
the time of normal starter disengage-
ment, 25 has been the case previously.

ENGINE STARTER AIR SYSTEM

Alr pressure is used to turn the starter tur-
bine which is coupled to the engine. The air
pressure is obtailned from elther of two sources,
the external gas turblne compressor or the bleed
air from an operating engine. The starting sys-
tem consists of the aircraft ducting, bleed ailr
valves, low Dressure regulating valves, and tur-
hine starter, :

Ducting from the bleed ports on each engine
and the ground starting source in the aft portilon
of the fuselage {also underside of right 1lnboard
wing fillet) interconnect to form an air mani«
fold, and make air available te the starter of
each engine.

When-using the aft ground.alr connection
the. FUSELAGE switches
on the Airfoil 'Ice Panel must be OPEN, and other
switches on the panel in the OFF or NORM posi-
tions.

Tne Bleed Air Valve Switch for each engine
is opened or closed by a switch on the Engine
Starting Panel. There is a2 low DPressure regu-
lating valve for each engine combined with a
starter valve which 1is actuated by the Starter
Button and which is selected by the Engilne
Start Selector on the Engine Starting Panel.

To start the engines the Bleed Alr Valve
switches, for all the engines, are placed in the
OPEN position to route air pressure to the low
pressure regulating valves. When the Start Button
is pressed to START, the starter valve opens and
the regulator regulates air flow to the selected
turbine starter. The start cycle ls terminated by
an internal switch within the starter, or by
manually pulling out the Start Button.

" To start the remaining englnes, the Engine
Start Selector switch 1s repositioned for the
respective engine to be started, and the Start
Button pressed. In thils condition, bleed alr
from th- ronning engine or ‘engines and ground
supply akr, if 5Ui1l comnected, is used to
start the engine. After all of the engines
are started, the Bleed Air Valve swiltches
should »e returned to the CLOSED position.

Normally ground supply alr is used
only to start the first engine in
High RPM. All other engines are
started in Low RPM using cross bleed
alr from previously started engines.

NOTE:
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LUBRICATION SYSTEM

Independent lubrication systems are provided
for each the power section and the reduction gear
unit. Each receive their supply from, and scavenge
back to, 8 common oll tank.

PUJER SECTION SYSTEM

The oil pressure pump {which also is combined
with the maln scavenge pump unlt) contains a pres-
sure regulating valve {50-75 PSI} and furnishes
pressure oll to jets at the four main engine bear-
ings and compressor extension shaft bearing, and
for internal shaft spline lubrication. Pressure
lubricatlon 1s also supplied to bearings of the
engline accessories.

Before the oil flows to any parts requiring

lubrication, it flows through a 117 micron
filter. A bypass valve 1s incorporated in the
system 1n the event that the filter becomes
clogged. The bypass valve is not located in the
filter .as 1s sometimes common, and therefore, 1f
it should open, contaminated oil will not flow

into the system. A check valve prevents oil
from seeping into the power section whenever the
engine 1s not running.

The four scavenge pumps are so located that
they will scavenge oil from the power sectlion in
any normal attltude of flight. The scavenge
pump, which is located with the pressure pump,
scavenges oll from the accesscorles drive hous-
ing. The other three scavenge oll from the dif-
fuser, and from the front and rear of the tur-
bine. The output of the rear turblne scavenge
pump 1ls re-scavenged by the main scavenge pump.

A scavenge relief valve is located so that 1t
will prevent excessive pressurse bulld-up in the
power sec¢tlon scavenge system, The comblned flows
of scavenge oll from the power section {and re-
duction gear scavenge systems) are cooled and re-
turned £o the supply tank. There are two magnetic
plugs on, the accessories drlve housing, one on
the bottom, and another at the scavenge oil out-
let on tha front side.
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LUBRICATION SYSTEM {Continued)

REDUCTION GEAR SYSTEM

The reduction gear oll pressure pump i3z lo=
cated on the left rear slde of the reduction
gear case, and included in the assembly is a
filter (117 micron), filter bypass valve and
check valve. 0il flows through the fillter and
to z2ll parts within the gear reduction case
whilch require lubriecation. In additilon, oil
pressure 1s used as hydraulic pressure in the
propeller brake assembly. The filter bypass
valve provides for continued oil flow in the
event that the filter becomes clogged. A cheek
. valve prevents oil flow in the reduction gear
after engine shut down.. & relilef valve whiech

is set to begin opening at 180 PSI, and is
fully opened at 240 P3I, prevents excessive
system pressure. This valve is not 2 pressure
regulating valve, but functions strietly to
1imit pressure.

The two scavenge pumps are located to pro=
vide secavenging In any normal attitudg of
£light. The output of the scavenge pumbps re-
turns the oil by 2 common outlet to the supply
tank,. A scavenge relief valve limits the max-
imum szcavenge pressure. & magnetic plug is lge-
ented at the botteom rear of the reduction gear
casing, and when remeoved provides & means of
draining the reductlon gear assembly.
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AIR CARLIFORNIA

PROPELLER COMPONENTS

L : AR
FEATHER RESERVOIR

PROPELLERS

GENERAL

The Aeroproducts No. ARULIFH-606 propeller
is a single rotation, hydraulically controlled,
constant speed btype, incorporating an integral
nydraulic governing system operating independ-
ently te maintain precise control during all
operating conditions. The diameter is 13 ft.
6 in. and total installed welght is approximately
1030 1bs. The complete assembly is provided with
spinner, feathering end reversing features, se-
lective pitch control, negative torque contrsl,
synchronizing, phase-gynchronizing, and elec~
trical icing contreol.

The propeller has four blades. The propelier
converts engine teorque to thrust and regulates
thils torgque to absorb engine power under vary-
ing conditions. The integral hydraulile system
of the propeller supplies the power required te
change propeller blade angle, or pitch to com-
pensate for variations in blade loading and
maintain 2 constant RPHM., The hydrsulic systenm
is controlled by a mechanlcal linkags from the
cockpit, with an electronic system providing a
vernler or trimmer to hydraulic governing for
synchronlizing and phase~synchronizing with a
master propeller,

T MASTER GERR AS3EMELY

HuB
FIXED SPLINE

/TORGUE CYLINDE R
”‘\\\\ TOROUE F1STON
9 A

CYLINDER HEAD RETAINER——"""

HUB ASSENBLY

The hub assembly consists of four torque
wnits, one mounted in each hub socket. The con=-
version of hydraulic energy to mechanleal turne
ing action ig the purpose of these units. This
is sccomplished by having two oil passages, one
to the cutboard side of the torgue piston and
the other to inboard side of the torgue piston,
The helical spline machined on the torgue unit

‘ecomponents convert linear pilston movement to

blade rotation movement. A master gesr meshes
with the blade gear, which is a machined part
of the torgue cylinder, to coordinate blade
angle chenge and is located on the face of the
ko ssembly Ancludes

the mech&nical«pitc . pi
The pitch lock is 2 ring uith ratchet tyne
teeth spring loaded into engagement with teeth
on the master gear to prevent rotation of the
master gear in a decrease pitch direction. This
will occur with a loss of hydraulic pressure as
o1y (Centrifugsl Twisting Moment) will tend to
decrease blade angle without assistance from
hydraulic pressure. The lock will also engage
if an overspead beyond a pre-determined setting
and wil the existing blade angle

sists of two members, one splined to the hub

and the other to the master gear. Each has four
iugs equally spaced circumferentially on engag-
ing faces. The two members are spring loaded in-
to engagement, and the lugs are so designed that
the member splined to the master gear is pre-
vented from further rotatlon in the decrease
piteh direetlon. When reverse pltech is desired,
the member sblined to the hub is_hz@;gg;iggglxﬁ
positioned to vermit sched: g : gle
changes. Through the feedback drive gear ma-

‘chined on the pltch stop member, which rotates

with the master gear blade angle, intelligence
is relayed through z shaft which in turn posi-
tions a part of the regulator mechanicsl control
linkage. By scheduling blade angle with fuel
flow, a blade angle ean he selected by the power
gsetting in the bete ranges, and & variable minil-
mum blade angle can be established in the gov-
erning range.
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CAMBER SHEET BRAZED TO
THRUST MEMBER ALOKG
THESE SURFACES

1. THRUST MEMBER
2. CAMBERSHEET

3. INTEGRAL BEARING RACES 3. STRENGTHENING RIBS

Blade Structure

BLADE AHD RETESTION ASSEHRLY

The blades are of hollewy steel conatrustien
incorporating three longitudinal strengthening
ribe and ares scmpezed of a thrust member and a
cember sheet which are Jolned tegether by &
brasing precess and roll welded from the 587
station en lead and trall edge ocutheard to blede
tip, The blade is equipped with g ds-lced
plastie cuff. The internal parts of the blades
gv¥e treated with an iron exide ruat preventive
paint and ths cavities are purged with nitrogen
2%t atmospheris pressure te prevent cerrosien of
the internal surfaces. %he nitregen is sealed
in the blade cavities hy a cup sezl. This eup
alge hag a stud loscated in the center for plag-
eing of halance washeras te obtaln herizental
propeller balanse., The blades are retalned in
the hub by 2 blade pstaining nué and an integral
raece retentlonm assembly. Ths thres inner races
of the metentlon asssably are mashined en the
blade root and flame hardensd. The retention
essembly conslatz of three sebs ef ballis, a
nylon cage, ground matehed set of thres outer
races, & metal sesl spacer, 36al back-wp snsp
ring, & grease secl and blade retaining nus,

The blade rost is hollew to receive the
torque unlt sylinders., Splines are mashined en
the inside diameter of the blade root which
mate with the indexing ring en the tergue ayl-

Blade Retaining Nui \

Biade Retention

inder., Thig prevides & btorgue drive to turn &ke
Blades and a meanz of indexing blade angle.

ACCESS PLATE

PROP CONTROL LEVER
: . CONDITION CINTROL Cau
Puus s
PULE POWER GEAR 2 S
N ROTARY aCTusTOR
By ¢

SYHLHAOMIZING LEVER

HTS SCAEW & PION - 0L AGAPTER
SYHCHRONIZING RING STOR TanG
CONDITION GEAR 7
H COHTROL Brush
! . ROCK ASSER
A
N SERGD STOR
NE d
o 7Y &F ADMUSTMERS SCREW
KCE CONTROL B Gtmgely %2
€.0Cx AS3E . HTS LEvER

- HTS GEAR
ALCESSORY PLATE
ILATOR ASSEMBLY

THE REGULATOR ASSEELY

“Therregulator provides selective propeller:
wfulliveverae to the fiight 1dle

It schedules blade angle “dn gccordance
’ hrotblerpositiens In tha flisht rasnge it
provides spsed governing along with protective
and emergency fembtures, such as pliteh losk, ‘ins
ereass pltch Tor WIS, Teathering, und autos
festhering. It 1ls the bralns and heart of the
propeller in that 1t normally goverus engineé
spesds and alse senses abnormalitles ef opara-
tlon, reacts accordingly, and controls the syse—
tom as required for the compensation of errveor.

The regulator szseably ilg doughmubt-ghaped,
mounted on the rear of the hub znd consists of
a.bousing end seover, adapler assamdly, acses=
sery mounting -plaote, pumpe and hydraulic ceame
penents.

PITCH :LOCK
ND STOP VALVE

BALANCE
WEICGHTS

SOLENCID
VALVE™

Revutatar Houring snd Compsavata

The Housing snd Cover, when cembined, make
up the helliow deughnubeshaped rezervelr that
stores the nscessary reserve of hydraulis fluid.
The housing contains hydrauiic paszsages and
provides 2 mounting surfece for the hydraulie
eeomponents. The cover provides mounting pre-
visions for the elestriesl slip »ing acsembly.
The adepter assambly lsz the non-retating portien
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AR CALIFORRMIA

PROPELLER COMPONENTS

THE REGULATOR ASSEMBLY {Continued)

of the regulator and 1s held stationary by an
adapter stop fltting mounted to the front of the
gear box. The adapter assembly consists mainly
of the pump power gear and the mechanical control
mechanisms. The accessory mounting plate is
attached to the statlionary adapter assembly and
nounts the electrical brush block assemblies, and
external electrical and mechanical controls.

Hydraullc Pumps and Jitter Valve

The pump power gear 1s bolted to the adapter
sleeve, and 1s a part of the adapter assembly.
This gear 15 a fixed, or non-rotating, part. It
is a means of driving the four hydraulic pumps:
which rotate about the gear. A cam is machined
on thls gear, and ground eccentric. The shoes,
driving the Jjitter valve and the speed sensitive
cylinder in the pitch lock valve, bear agalnst
this cam and the motlon thus imparted to the
Jitter piston pulses the low servo pressure in
the governor distributor element which results
in an extremely sensitive governor.

There are four ldentlcal Pesco gear type
pumps which furnish the hydraulic pressure
necessary to operate the propeller, Thege
pumps are bolted to the regulator housing and,
therefore, rotate with the propeller and are
driven by being in mesh with the fixed non-
rotating pump power gear. At crulise RPM
{1020) the output of the four pumps 1s approx-
imately 5.5 gallons per minute. In the event
of a damaged pump, reverse flow is prevented
by a check valve contained within the punp.

Centrifugal Breather

A centrifugal breather is internally mounted
on the regulator housing. When the propeller is
static, the regulator assembly 1s a completely
sealed unit., At approximately 220 propeller
RPM, centrifugal force on a small valve piston
overcomes the spring holding the valve closed
and opens the valve to atmosphere through a
small hole in the regulator housing. At this
and higher RPM!s the hydraulic fluid within
the regulator has been centrifugally thrown
away from the center and has formed a "dough-
nut" pattern. Therefore, no hydraullc fluld
leakage is experlenced through the open valve
during operation,.

Brmanattia PrESSUR
BLEMENT

15 seurne CENTRWUGAL FORCE

DECREASE LOADER

YO HYDRARK
GOVIRNOR
ARD SOLENOID
VALYE

TO FEATHER
RESERYOIT

PRESSURE REUEF
fz01 A
SUkPS

TS PISTON:
/—COHDUION
teves

counTer

SALANCE covianos

m} 10 MYBEAULIC

M1 CA

2
NS LEVIR P "
KIS CONTROL awrf—-—]/koiﬁu

HTS FEATHER YALVE

TO SOLINOD
vALVE
2 ONDITION CAM

ONDITICHN CONFRCE RING

NTS Feather Valve

This wvalve contains five elements. Its
primary function is to direct system pressure
directly to torgque unilts to increase the blade
angle when actuated by an KN,T.S. or the minimum
pressure element allows the sysbtem pressure to
build up sufficiently to move and operate the
servo system of the hydraulic governor, After
this pressure has been attained, this valve
opens and directs system pressure to the hy-
draulic governor and the solenoid valve.

The decrease loader permits controlled drain
{30 psi} to enter and f£ill %the decrease BETA
system during a rapld decrease in blade angle.
This valve opens at about 5 psi and prevents
the torque cylinder heads from being sucked
inboard due to cavitation,

The pressure rellef valve limlts the decrease
BETA system to a maximum of 825 psi. This
valve relieves to the regulator {uncontrolled
drain},

The NTS piston is counterwelghted to remove

the centrifugal fleld and in its normal posi-
tlon 1is spring loaded "down". In this position,
the top side of the NTS shuttle is ported to
drain. The NTS shuitle spring will hold the
shuttle in its "up" position. With the shuttle
in this posltion, port "C" to feather reservolir
and decrease BETA fluid are blocked and fluid
from the pumps is routed through the minimum
pressure elament to the solencld walve and the
hydraulic governor. Increase BETA fluid from
the solenoid valve and/or hydraulic governor 1s
directed to the torque units.
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NTS Feather Valve (Continued)

The NTS plston is moved mechanically to its
up position by an NTS or feather signal whilch
actuates the NTS control ring, NTS cam, and
NTS lever. System pressure 1s now applied to
the top of the NTS shuttle, moving it down
against its spring. With the shuttle piston
down, decrease BETA fluld is ported from the
torque units to the feather reservolr, gystem
pressure is blocked from the hydraulic governor
_and re-~directed to the increase BETA (inboard)
side of the torque units. .Blade angle will

dncrease as long as the NTS plston is held up
and system pressure is available,

Emergency feather accomplishes the identical
sequence as above except that the condition
control ring and condition cam move to cam
the NTS piston in the "up" position.

Movement of the ‘power:lever 'below’a polint
21=2U degres coordinator will drop the condi-
tion lever cam down to its lowest stop. This
movement of the NTS carriage and rail assembly
will decrease the mechanical advantage on the
NTS linkage which would: prevent: an engine re-~
duction gear NTS signal from moving: the NTS
piston enough to port system pressure to the
top of the NTS shuttle. Thus, no increase
blade angle can occur even though the reduction
gears NTS system is actuated as might be the
case in“a‘highispeed landing with the powver
lever in Flight-Idle.

Hydraulic Governor

This valve contains five elements, and its
primary function is to detect and proportional-
1y correct any off speeds in excess of 25 ERPM.
The valve is also used to mechanically and hy-
draulically select blade angle in the taxi or
BETA range. In addition, the valve is mechan-
ically positioned for increase BETA during
emergency feather conditions. A source of
servo, or reduced.pressure, 1s also obtained
from this valve.
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HYDRAULIC GOVERNOR

The pressure control element controls system
pressure to U450 psl above increase BETA, or
demand pressure, System, or pump, pressure
i1s imposed on the top of the pressure control
piston, opposing a spring requiring 450 psi
system pressure to overcome. When systen
pressure 1s able to overcome this spring,
fluid is ported to controlled drain. Alding
the spring, resisting system pressure'’s
abllity to depress the piston, is hydraulic
pressure from the increase BETA system.
Thus, before pump, or system, pressure can
be ported to draln, or relieved, 1t must
overcome increase pltch pressure plus 450
psi, ensuring that sufficlent pressure is
always available to move blades to 2 higher
angle regardless of the demand.

The pressure reducer element functions as a
source ol reduced, or servo pressure, and is
used to posltion the distributor element of
the governor, hydraullcally adijust the goverw
nor to 15,000 FRPM when entering the BETA. or
ﬁaxi range, keep the pitch lock disengzaged

entering the taxi range. and to_hydraulically .
block out pitch lock in the BETA range

System pressure enters between the two botiom
lands of this valve, which is spring-loaded
"down" and passes out through cylinder openw-
ings to the servo system. Reduced pressure is
applied to the bottom of the reducer piston
opposing the spring. As serve pressure reaches
L50 psi it will overcome the spring, push the
piston "up® and close off the ecylinder opening
with the bottom piston land. A4s reduced pres-
sure drops below this value, the lower pressure
cannot overcome the spring, the »iston is moved
"down" and additional pressure, as required,
can agaln enter the reduced pressure system,
thus maintaining 450 psi reduced pressure re-
gardless of system pressure., The raducer
valve plston has an orifice drilied through
1ts stem connecting the bottom of the piston,
or servo area, to a point between the two top
lands. This permits excessive reduced pres-
sure. to be bled to drain in the event of a
hlgh pressure surge and prevents a possible
hydraulic lock.

’ oge D! Lgov EpTLIng.
This additional ccmpression of the governor
spring resets the governor RPM to approxi-~

mately 15,000 ERPM from a normal 13,820 ERPH.

The governing elements consist of a speed
sensitive plston, lever and spring, a cylinder
or movable sleeve around this piston, a dis-
tributor plston, and mechanical linkage inter-
connecting the distributor piston with the cyl-
inder or sleeve around the speed sensitive
piston,
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Hydraulic Governor {(Continued)

During a normal governing condition, reduced
pressure from the pressure reducer element is
ported to and around the speed sensitive pilston,
between the two plston lands, and is imposed on
the top of the small area or top side of the
distributor servo plston end. This pressure
remains constant during all propeller operation,
and tends to force the distributor piston “down"
aided by a spring around the speed sensitive
element cylinder, Opposing these forces 1s
servo pressure applied to the bottom side of
this servo portion of the distributor piston.
This side, being of larger area than the top
side . enables low servo pressure on the bottom
side to move the piston "up" against reduced
pressure on the top side plus the spring. Thus,
if the fluid pressure on the bottom side of this
element can be varied, the distributor plston can
be moved up or down.

The speed sensitive pisten tends to move "“up"
with an increase of speed, and "down" with a
decrease of speed due to changling centrifugal
forces on the piston opposed by a constant
loading by the governor spring. As the speed
sensitive piston moves "up", fluld and/or
pressure 1s relieved from the bottom of the
distributor piston, causing it to move "down".
Should the speed sensitive pilston be moved
doun by the governor spring {(under speed) ad-
ditional servo fluid will be ported to the
under side of the distributor pilston, and move
it "up". Thus, speed versus governor spring
pressure can and will control, hydraulically,
the positioning of the distributor plston.
Lirked to the distributor, through a rocker arm,
is the sleeve or cylinder around the speed
sensitive piston. A movement of the speed
sensing piston then, causing a distributor
piston movement, will through this mechanical
linkage feed back to the speed sensltive ele-
ment and stop the initiating signal., This
forms a proportionalized governor. The greater
the off speed, the greater distributor piston
movement, and thus a higher rate of blade angle
change results.

System pressure is fed into the distributor
element between the two top lands of the dis-
trivutor piston, and through a hole in the stem
o the plston, between the two bottom lands.
The area between the two center lands 1s ported
to controlled drain {feather reservolr).

A movement of the distributor piston inboard,
or "down" {overspeed}, results in system pres-
sure entering the increase BETA line to the
torque units., At the same time, the decrease

line is ported to the center area of the dis-
tributor and to controlled draln.

During synchronization, the slave governor!s

spring is reset, as necessary, Dy the ToGary

actuator through the speed control gear,

pinion screws, speed control ring, and a cam
arrangement to the speed setting of the master
engine., This identical system is also used to
obtain a fuel governor overspeed check, by-
passing the normal high limit synchronization
switch and resetting the governor to approxi-~
mately 15,000 ERPM. The governor spring is
also reset to about 15,000 ERPM when entering
the taxl range by application of reduced pres-~
sure to the RPM reset piston. The movement of
this piston will compress the governor spring.

The Jjitter valve previously mentloned is a
separately mounted valve wlthin the regulator
although, hydraulically, 1t is conslidered a
part of the gocvernor. The purpose of the
Jitter valve is to Jitter, or pulse, the low
servor pressure used to shift the distributor
plston, thus keeping the system "alive® and
reduce the off speed necessary to c¢btain a
correction.

The flight idle (20° BETA}, or hydraulic low
pitch stop, is obtained by blade angle move-
ment through a feed back shaft and carriage
assembly, Should blade angle attempt to drop
below:20% due to insufficient engine power,
the movement of the blade through the feed-
back shaft will cause a roller to contact the
governor lever on a cam slope, preventing a
further reduction in blade angle. An increase
in blade angle 1is permitted, as necessary, to
hold RPM within governing speed.

BETA:follow=up. is obtained in the identical
manner as above, except that the hydraulic
low pitech stop 1s adjusted to a highew angle
by movement of the power lever 68° to 90°
co~ordinator. This movement results in a
repositioning of the BETA schedule lever to a
new fulcrum point. The highest possible nin-
imum blade angle is obtailned with a 90° co-
ordinator C on and should be 31 5
BETA. # 3 et &7 LS

Xt

Taxi, or blade angle selective range is ob-
tained in 2 manner similar to BETA follow-up.
However, in this range, reduced pressure from
the rotary selector of the pitch lock and stop
valve acting on the RPM reset plston, resets
the governor to 15,000 ERPM and thus is always
underspeed. Being under speed, the speed
sensitive piston will always be "down" as far
as the governor carriage roller, against the
governor lever, will permit.

If a lower blade angle is selected by retarding
the power lever, the roller will be withdrawn
and the speed sensitive piston will move "down",
hydraulically calling foxr 2 reduction in blade
angle. As the blade approaches the new se-
lected angle, the speed sensitive piston will
again be repositioned to a "no flow"” postion
by movement of the bilades through the master
gear, feedback drive gear, feedback shaft as-
sembly, and carriage roller against the gover-
nor lever.
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