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=] MODEL IDENTIFICATION-TYPICAL |
GTCP85-98C
e GT GAS TURBIL
e L COMPRESSOR
- {BLEED AR OUTPUT)
6 P POWER
- {SHAFT POWER OUTPUT)
e B85 SIZE CLASS
@ 88C APPLICATION:
411
= BOEING 707

TSG-111

REVISED
3-1-81

A'typical APU médel number - shown
here as "GTCP85-38C" - may be
broken down for identification.

»GT" designates the unit as a CGas
Turbine engine.

"e" indicates the engine will
provide useful power in the form
of Compressed air.

"p" points out the engine's
capability of providing Power for
shaft driven camponentg.

"g5" jdentifies the engine's
specific size class, differentiating
it from other families of Garrett
engines such as the GTCP660.

The last group of numbers and
letters of a Garrett model

number, "-98C", identifies the
specific engine cpnfiguration.

Configurations may differ in
orientation of inlet plenums,
combustion chambers, accessories
included {and how they are mounted)
types of turbine wheels, and so on.
Most decisions involving these
variations are made by the aircraft
manafacturer. :

Sequence 12 shows the GTCPB85-9BCK

or 98CKB installed in a Boeing 707
and Sequences 13 to 19 show the '
types.used in various other alircraft
and their locations. Note the

same aircraft may use any of

several different configurations.
Always check the nameplate to
determine the exact model number

for each application.
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As can be seen most airlines ‘
prefer an aft-mounted APU. In thig
location, the engine utilizes space-
that is generally available and
also prdduces: less noise in the
passenger compariment during

ground operation.

GTCP85 Series Engines are often
GROUND APPLICATIONS mounted in some form of ground
B equipment, either in a fixed
location, such as a’ test cell or
On a trailer .or in-a-truck to
provide-mobility dround the ramp

area.
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" volume 1l chapter 19

AUXILIARY POQWER UNIT

GENERAL

The aircraft installed ausdliary power unit (APU), AiResearch Model

iy GTCP85-180L, provides a flexible aircraft operational capability. Normal
: aircraft operation is possible without the use of regular ground support

equipment. Ground support equipment should be utilized for normal rovtine

- maintenance and trouble analysis to pfevent unnecessary eperatng time on

the APU and related auxiliary power. In isolated areas or bases where

ground support equipment is not available, the APU and related suxiliary

power provides the aircraft with an independent capability for mainlenance

and trouble analysis as well as pormal aircraft operation. The inflight

; operation capability of the APU provides a source of emergency auxiliary

power which improves the operational capabilities of the aircraft.

: The APU is installed in a compartment located at the frozt of the ieft main
i landing gear wheel well. The APU control panel is located adjacent to the
' upper left corner of the anti-icing systemn contro! panel on the flignt station
" overhend control panel. Electrical power for APU operation may be supplied
. v the aircraft battery or external power. The oil supply o APU lubricstion
is carried in 2 tapk located in the lower aft end of the APYT compartment, and
o an access door is provided for checking the oil tank leve! and/or servicing.
. Tuel supply is gravity-feed from the No. 2 main tank surge box. :

Features of the APU compartment provides for coinpartment ventilation,

fire detection, fire extinguishing, APU air intake ducting, and APU exhaust
ducting. The compartment is constructed from fire proof materials, and a
large access door provides for ease of maintenance or replacement of the APU.

The control panel includes an exhanst gas temperature (EGT) gage and RP}
indicator for monitoring APU operation. The APU CONTROL switch controls
the APU air intake door as well as APU starting an’ sirpping. The APU BLEED
AIR VALVE control switch is located on the control zonel, as are three indicator
lights for DOOR OPEN (red), START (amber), anc 7N SPLED {(green).

BASIC GAS TURBINF OPERATING COMPONENTS AXD PRINCIPLES
. The maintenance personnel must understand the function and operating principles

of gas turbine-type compressors to become proficient in trouble analysis and
maintenance of the units installed in the aircraft. This initial discussion velates
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to a typical tasic gas turbipe compressor {GTC). The basic comporzents, functions,
and operating principles are identical or similiar to the mode! of APU installed in the
C-130 z.rerzf. GTC operating principles are slightly different than bagic gas turbine
sngines it that the compressor ig designed to pump more air than the basic unit
requires o drive the compressor. Understanding the basic operating principles will
assis: in the understanding of later discussicas relzted to the specific APU instailed

in the marcrafl
The z25 urbine consists of three basic components:
0 Compressor

¢ Combustor and turbine
o  Accesaory drive

- HEAT
AC GENERATIR
| AZCESSORY DRIVER A
E 5 COMBUSTOR
j —
B A ]
-
. EXHAUST
; — COMPRESSOR e TURBINE N

BASIC GAS TURBINE CCMPONENTS

The compressor takes in a large quantity of air which is delivered to a plenum chamber.
Mounted in the plenum, the combustor adds heat energy to the masa airflow. The turbine
converts heat energy to shaft power (torque) for driving the compressor and aecessories.
Understanding of the gns turbine operation can be related to what happena to the air from -
the time it enters the compressor until it leaves the turbine exhaust.

Comprassor Section

The compressor condists of two basic componenta:

o [mpeller

o Diffuger
{n-simple terms, the compregsor ig an air pump, The rotaling impeller sccops up a
‘large volume of air from the intake end sccelerates it radially ovtward to a very higa
velocity, The impeller is enclosed in'a shroua which alzsn forms the intake arez.

i1 19-2
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Some pas turbines utilize a stationary shroud; on others the shroud may be 2n integral
part of the impeller wheel., The air {lows berween the impeller blades and shroud,
exiling {rom the fips of the impeller blades.”

_HJ ROTATION

=

\(

BLADES

DIFFUSER
IMPELLER

After receiving velocity energy from the impeller, the air flows through the diffuser.
The diffuser is & series of vanes which form divergent dueis. 1l is 2 stationary
component mounted ad;acent to the rotating impeller blade tips. As the high velocity
airflow pagses through the diffaser, its velocity ig reduced because of the increasing
area \divergence}. The static pressure increases beceuse of the reduction in velocity
of the sirflow. Thus, the diffuser takes the high velocity rirflow from the impeller
and converis it to low-velocity high pressure. Air compression increases Rir temn-
perature because the particles of air are packed together more closely in 2 confined
space; therefore, they will collide at an increaged frequency.

The compresesor converis mechanical energy (lorque required to rotate the impeller)y’
te nneumatic energy.

The compressor's volume of airflow depends on the design requirement. The unit
must provide svfficient shafi horsepower to drive an AC generator and (o supply the
pneumatic energy required for use in the aircraft bleed air system. Therefore, the
APU gas turbine compressor is designed to pump more air than the compressor of a
simple gas turbine cesigned to develop only je! thrust. At normal rated speed (1007
RPM), the compressor pumnps approximately 4200 cubic feet of zir per minute. A
cubic feot of air weighs approximately 0. 076 pounds; thus, the mass airflow {rom the



SaTROTESEND LS approximately 320 oounds of atr per minuie. The turbine provides ine
' -a do the work of commpressing the air, in addizion to driving the AP,

P

Vihar jimmospherio lemperature and ‘or pressure changes. the densify of each cub.:
5. - Snanges. Al aarmal speed (100 RPM}, the compressoT pumps the sams
;v put the mass aitflow varies with ambient conditions.

On o3 Rouday oor 2t high alunude, each cubic foot of 2ir weighs less than 0.076 pounds
and less jnafl power s required o hurm the compressor it ~ormal speed inversely,
ugher density atmospheric conditions icold day or low altitude) will require higher
shafs paaer o 'ui the compressc: I Ous. the power required to operile the
co.—".presso!.: it normal speed changes as atmospheric conditions change.

COMBUSTION LN
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Turbine Section

The-major components of the turbine section are as follows:

o Turbine nozzle
o Turbine wheei

The compressor discharge air enters a chamber which surrounds the turbine assembly.
called the turbine plenum, from which the air flows to the turbine section. The
turbine nozzle is a series of vanes or blades which form convergent ducts, The air-
flow through the convergent ducts results in an increase in velocity and decrease in
pressure, which is apposite to the function of the compressor diffuser, The turbine
nozzle vanes are positioned at an angle to direct the high velocity airflow onto the
turbine blades at ap angle for maximum efficiency,

FACE SHROUD
NOZZLE VANES

AIR FLOW

NOZZLE AND. SHROUD ASSEMBLY

The turbine wheel is similar in appearance to a compressor impeller, but jt is made
of a different material becanse of the higher operating temperatures. High velocity
alr exerts a {orce on anything which causes it to change its direetion. The high
velocity air from the turbine nozzle is directed against the turbine wheel blades, and

I 18-5
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produces the iorque 1o roiale ¢ cirhine wh _o!,

The arme: -, ~vem 2 mnozi=-ad

to the turbine wheel (s propor.iscaal to the mass flow =f ..o~ ir-

-7 AnC i rzie of directiona
change acrass the turbine wheel, The ot que developed 0y the rurbine is returned
through the shaft to rotate the compressor wheel. Thus, the wuroins conver
preumatic energy to mechanical energy.
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NE WHEEL

The turbine wheel blades are shrouded. The fixed shroud has 1 minimum clearance
with the rotating turbine wheel blades; this contains the airflow and contributes to
2 more efficient turbine.

From the preceding statermen{, one might assume that once che unit is on speed i
would be self-sustaining. This is not true because ‘he compressor and turbine
assemblies are not 1007 efficient, The compressor does not convert all the energy
ftorque) it receives to pneumatic energy, and the turbine does not convert all the
pneumatic energy ii receives to shaft power {torque). Thereiore, additional energy
must be added e the unit to keep it running at its normal rated speed. Heat energy
is acdded to the mass airilow through the burning of fuel in 2 combustion chamber,
The addition of the heat energy causes the m.iss airfiow io expandwhich increases
the velocity of the gases. Iincreasing the veloclty at which t' = gases contact the
turbine blades resuit - u the turbine developing the necese .- s power to drive the
compressor,

I 19--
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Combustion-Sertion

The burning of ‘the fuel=dir mixture is cantained within a combustion liner. One end
of the combustion liner is support ed by the turbine plenum, and the other end is a
slip-fit into the torus.agsembly. The fyel nozzle mounted to the front {(or dome end)
breaks-up the fuel into 2 very fine atomized spray pattern. The airflow required to
Support combustion is ouly a small portion of the wsal compressor output, The

I 18-7
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. COMBUSTION:LINER

forward portion’of the-combustion liner, iicluding:the dome or froat, introduces the
‘proper ratio of air to be:mixed with the: fuel for burning, The.combustion liner is

. designed to impart & swirling motionto the airflow which-aids in the mixing of fuel
with the air, and 'also:;ofcontain=-,the burning process. within thediner. Once com-
bustion is initiated,. it.is continuous as long as fuel:flow or airflow is not interrupted.
Combustion is initiated by’ an igniter. plug which projects.into the forward area of the
combustion liner. Therfignition system operates during: the:stirt and acceleration

eycle only. Airfiow to support combustion is normally.referred to as primary air.

The remaining portion of the-air (seeondary.air) is introduced downstream of the
combmstion. zone.. The secondary air dilutes the extremely hot combustion gases,
lowering the air témperature to a level which does not cause domage to the torus,
turbine nozzle, or, turbine wheel.

The:combustion liner is designed to provide a coow.sg tiim of airflow along the liner
wills, preventing thesflame from:touching the metal, The combustion liner holes and
iouvérs provide the proper -proportion.of primary, secondary, and cooling airflow..

The: combusticn section adds heat.energy to the airflow. ' With added heat energy the
ga:‘zes.e.tpan@.l-;ﬁiéi‘_eusi_ng' the: velocity of alrflow through the turbine assembly. The
‘torus is a plenum, -which recelves the hot gases from the combustor-and distributes
the ‘hot gas flow-to the turbine nozzle assembly. '

1f the fuel flow is high, the energy available to drive the turbine is high. Therefore,

the turblne inlet temperature (TIT) is high. The turbine wheel converts the majority
of the available heat energy to torque for driving the compressor and accessories,

- I 1%-8




- DESCRIPTION OF THE APU. (MODEL:GTCP85-180L)

1 GTCP85-130L. LEADING, PARTICULARS |

: Dimensions Measurements
Lengzih 36 in, approx
Width 32-in. -approx
Height 20-in. approx
Weight {drj,) (mthout AC .generator) 290 lb. approx.

Engine Speeds

Turbine wheel (no-load; steady- state) 43,300 RPM Tmax,

Turbine wheel.(full Bleed load) 142,000 ¥ 100
Overspeed switch actuation; " .44, 500 max

Output drive- shaft ({AC'gen): {42 ,OG%RPIﬁ tuﬁline Bpeed}. - 6;000 RP)

T 0, R

Ambient Conditions' (Starting‘ and‘ﬂper%

AL -1,000 ft altitnde ‘ -=65%F to +125°F
At 20,000 ft altitude =265CF to +250F

" Engine Temperatures _

Intake air L ] 54°C (130°F) max
Exhaust. gas- temperabxrm(contimms} 620°C ¢ 1150:F) max.
Extaust gas temperature #30:sec tr&né&ent); 677* C (1250° F) max

- Fuel System

Fuel specification:r” -
MIL-G=5572; 115/145:
MIL-T=56 24z Pod
MIL-T~5624, JP=5
ASTM D1655=T2 Type:
ASTM D1655-72 Typeik:
ASTM msss—'rz Type:Bi.

Fuév.ﬁuergpressﬁ:e . _ . 5 PSIG (Min)
Lubricating System
) Lubricant: speciﬂcation - :Temperaﬁtre rsmgeL
. MIL-L~7808 -65°E to:tao F

. MIL-L-23699 ~40°F t57130°F -




g

Yabricatipg System ¢-mtinved) .

Omersling pressure

Ajtownble steady-state il pressure fluctuation
Operating temperanire

aximurs oil consumption’

Turbine cavity venl pressure

Gearcusc nepalive pressure

R 1.
o) tank:

Tleetrical System .

Power supply
Fuel shutoff solesoid valve {NC):
Operating voliage - ‘
Oper:=ting current
Crergpeed test solenoid valve (NC):
Oper ating voliage
Operating cimrent
“herizostat seleclor sol valve (3-way):
Jperating voltage
QOperating current’
;gnitiom unit {capacitor discharge type):
Qperating voltage
Crpersting cwrrent
| Output voliage

Duty cycle 2 min on, 3 min off,

Sizrter:
Ciperating voltage
Operating current
Initial "
Firing 7% appro.umately
Starier cutout35%
Dty cycle

Avtomatie Controels Actuztion

{ entrifugzl speed switch:
Starter cuioot smtch actuation - 35%

Ready-to-load and-ignitionicutout sw sctuation - 95%

_ QOverspeed s shutdown actuation ~ 110%
0fl pressure. sequencing switch:

Opens fuel shutoff sol val\'e- energizes ignition unit

Engine shutdown
_Fuel control unit: accel valve crackmg pressu-e
Pr.cumatic thermostat settmg )

Starter clutch nhp torque :

< DHA9-15

2 min o,

96 +'5 PEIC

3 'Sl max,

LHY F b ambiom

0,03 M v hour
=23 in, e

oty =1 i, e

2E sfuyze

O oguarts

.0 guarts

ST T |

26 + 2 V'DC

11 to 30 VDC
LCamp.omax,

11 to 30 VEC
1.0 amp max.

- I -t . -
8000 YV 1C rmom)
ZE min off

14 t0 30 VDC

900 amp max.
300 aop
70 amp
1 min on, 4 min off,
30 min coal. zfier 4 ¢cyeles

4,900 to 16,500 RPN
37,000 to 39,000 RPM
44,000 to 44, 500 RPA

2.5 10 3.5 PSIG

1,5 PSIG min

60 - 1 PSIG at approx. 207 RP}
620°C. max . .
135 1o 145 in. b

e




performance Rating (Standard Dav Counditions) {EGT at 6200{:)

Shaft power - (no bleed load) 100 HP min
Bleed airflow . 149 1b per min. minimum
Bleed air pressure } No:shaft-toad 50 PSIA minimum

Bleed air temperature " 400°F nominal

Directional references {left; rightyifrontiand feaplie e e Gare determined by
standing-at the-exhaust pipe end Tooking-towmart iAtemicésioly;seation.. “The rotor
agsembly rotates clockwise and the: outputishaft {AC gener dtory Totates counter-
clockwise as viewed from the turbine exhsustend,” .

The 4 PU ig a two-bearing type-engine with the‘compressor- impellecs and turbine
mounted on a common shaft, The rotor as em :Iyﬂ_fs-;.suppomeﬁ-on-two. pressure
lubricated bearings, a-ball bearing (thrustandradial-load type) at the compressor
end-and a sleeve bearing (radial load type) between: the:turbine snd second stage
compressor wheels. ‘ C ‘

AIR FLOW PATH

A compressor iniet plenum is mounted arourd the-compréssor: section of the engine,
This allows ambient air to be directed to the .compressor from the aircraft intake
air duct. The inlet opening at the plenumrigractangular shaped (approximately

10" x 20"} and incorporates 2 screen to *prejvent_»‘eﬁtry‘aﬁ_h?eign material, The
screen prevents-the entrance of foreign objects-equalite.orgreater than a 0.250"
diameter sphere.

\ _ The compressor is.a two-stage centrtﬁrgﬁtypex%ﬂ‘he*ﬁfstsﬁage impeller is 2
double-entry type (two similar impellersback 1o backy. “The gecond stage {rnpeller

is a single-entry type. The two:stages cﬁcompreeaim’arem&zﬂlred to efficiently

procuee the necessary.pressmce'rise-acn&s-‘t@*bﬁnﬁges‘s;&ﬂ__f The two-stage com-
pressor also-operates-efficiently and surge free thirohgh-&wide range-of loads,
mcludinganycombim&mofsepsme;,w mbiinad; alnf-and Heed loads.”

3 .

The airflow paaseﬂthrcng!!’the*;cz‘eeaed: ;
Brst.atage - Impeller. The: frstéstage-impatieifantalerutas’
fow. The high velocity airflow-is drected thia v i Fst stege -diffuger which
is a divergent duct, Thevelocity of the-air teiecréisediind the pressure rises.
This-is the first stage of:compression. Seveti croagover-ducts conduct the first
. stage discharge air into the throat of the _second atage-compressot impeller. The
second impeller accelerates the airflow 2 second time and discharges the airflow
through the second stage diffuser. Again, the-velocity-is decreased with an
- increase in pressure, The second stage of compression-does not increase the
total volume of airflow, it only provides a rise in pressure. The sscond stage
discharge air is directed into the turbine plemum.

If 19518
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IR FLOW
.o ¢ ompressor plenum S‘ Trirbinetorus

2. st stage impeller
3. 1st stage diffinser
3, Crossover duct

‘Tgbinef nozzle
_“Turbine wheei
‘Txducer wheel

5. 2nd stage impeller A2, tihaust duct
_&. 2nd-siage diffuser 13, T:C*bmbﬁstor
= . Turbine plemum 14 Bleed zir-extraction duct
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CONSTRULCTION
The APU consisis of three Aunctional -sections:
Compressor

Power
Acrcessory

(o]

o o

The compressor section consists of the ¢impanents whick make up the two-stage
COTLPressor.

The power section consis‘.sﬁ..oiwﬁm:mmeﬁhe' power to drive the
unit. B

The accessory section coﬁ;sig:ﬁs-p‘zc. et gear iratn garrven by the rotor) and
the housing, The aecesscries requireddof operition:.of the basic unity- and the AC
cenerstor which provides auxiliary electrical power, aremounted-on’the-housing.

ACCESSORY
SECTION

COMPRESSOR
SECTION

APU COMPONENTS

I 19-19
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e

A common shaft is used for betw o+ Qirst and decond slage compressor impellers
and the turbine wheel. ‘A spacer i- located between the front face of the turbine
wheel and the rear stub shaft of the second stage impeller. The spacer serves
several fimetions: it retains the two pins used to attach the turbine wheel stub
shaft to the compressor and turbine shafl; it positions the second-stage {mpeller
axially on the shaft; and it also scrves us the bearing journal for the unifs rear
main (sleeve) bearing.

COMPRESSOR AND
TURBINE SHAFTY

WO F T -0

157 ARD ZND
STAGE IMPELLER

RETARINING NUT

IS i ?3‘\ -"ﬁ ar
AR NN
OIL SEAL
] " ROTOR
ELARING CURVIC
RETAINING COUPLING
NUT 15T STAGE :
COMP IMPELLER
IMPELLER (EXPLODED VIEW)
q The second stage compressor impeller is splired to the compressor and turbine shaft.
The first stage impeller is a glight interference fit onto the shaft, The first and

~econd stage impeller stub shafts mate together by a curvic coupling, The two sets
oi curvie teeth are ground so that one impeller has convex teeth surfaces while the
ather has concave teeth. The curvic teeth make the two impeller mating suriaces
self-aligning. '

A retaining nut near the front of the shaft secures the impellers and spacer to the

shafl. The nut on the &ont of the shaft secures the front main (ball) bearing air-
¢il seal rotor and bearing inner race to the shaft,

I 1s-21



Comores;-'-‘x'_“‘:;*ufiﬁ:s

SOMPressor section consists of the following units:

imrpeller

Inlet housing
Difluser assembly
Crassover Juets

Second stage housing assembly

20 STAGE
A~ HDUSING ASSY
{ y .

- The (irs: stage com
1

compressor is o dual-entry, centrifugal-type compressor. The first

stage tmzoller i3 a one-pivce rotor with centrifugal vanes on both the forward and
rear faces,

il 19-22




~he [irsi 8128€ inlet hou
roain (hall) bearing carT

front main bearing absor
s around the oute

The two MOUNLNE {lange

sing is 8 casti
jor is atta

for amachment of the accessory-arive

‘plet plonum assembly.

ng which has several functions. The front

r circumierence of the forward end are

ched to the front inner bore of the housing. The
bs both rudial and axial loads from the rotor assembly.

-gection planciary housing and the COMPresscT

H

o
Bali patlS
b

FIRST STAGE COMPRESSOR ‘INLET HOUSING

The integral struts suppori the com
nge for the first stage diffuser assembly.

or intake airflow path

and also incorporate

integral struts also provide th

into the forward, intet

The contour of the shr
oses the rotating impeller van

the impeller and encl
‘he vanes. The oper

a mounting fl2

e open area for the compress

of the compresscr jmpeller.

ating clearanc

-ne efficiency of the compT essoT.

apy metal contact; th

leakage controlicd to a minimum, the impeller imp

maxirmnumn amount of

us, air leakag

mags airflow;

wore efficient compressor.

oud forms & smooth ftow path {or the zirflow

e between the shroud and impeller vanes ai
This clearance is held to a close tolerance
e around the vanes is held to a minimum.

arts acceleration (velocity

therefore, minimutn air
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o Oil supply iank

o Oil pump assenhiv
o  Iressure switches (2)
T e Alr-oil cooler

0il Supply Tank

The ail sunnly tank is fobricated from sizinless sieel and has a tolzl volume of 5,28
riarts. Vhen fully serviced, it contains 4 quarts of ¢il which leaves an expansion
spuce ecuivalent to 1, 28 quarts, The total capacity of ihe APU oll system is
sporoximately 6 quarts with the tank, lines, and oil cooler full of oil.

TURBINE BEARING
CAVITY VENT

TANK YENT
U EXHAUSTN

[
<

(T0 &°

FLARS

OVEXBODARD
SEATH LINE

0IL SUPPLY LINE
DRATK VALYE SCUPPER DRAIX
(KOT USED)
OIL SUPPLY TANK
I 19-41 3
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DUPLEX SCAVENGE
PUKP SELTIONS

AOHOMETE
ENERATO
S\ MOUNT ING

PRESSURE
FUMP

< N e THIEM J
/%HLTER TUEMENT
FILTER LYDASS s

' A ADJUSTABLE
(ALVE SER Sy RELIEF YALVE

\
X

0iL PUMP ASSEMBLY
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53??§"__dm_'ABJGQTABLE‘ﬁiE§Eﬁ5§?R?'"“" One method of Ijusting the
sl temperature 2 :ing of the

therrmostat is -own in Segueree

187. tere, b 1 the seat anc the

housing are e  :rnally threaced,

ezch having a ifferent threzd

pitch. These ngage internal -
threads in thz zdjustment collar.

AS the collar .s rotzted clockwis:,

the line fitt.: g is threaded inwa-d -
with respect ¢ the housing,

" +hereby increasing thermostat

setting. Eacn division on the

collar equals : change of 5°F or

ALl DIVTIION EQUSLS ¥

i°C.,
#187
o Znother way t xdjust some .
s EGT THERMOSTAT ] thermostats i shown in Sequence .
188. Shims ¢ rarious thicknsss '
are placed ke~ zen the body and -

the flanged he. on the line : f%
f£itting. The -ainner the shim '
.stack used, the further the line

fitting will k: threaded in, and

the higher the¢ setting will be. ok
§.001 inch charge in shim thicxne s
will result in approximately 20°C
{oF¥ 35°F) change in setting.
Calibration procedures will be
described in more detail later.

When instzlling the thermostat,
the word "aft" marked on one of
the square flzts should face g
downstream. >

]
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rem the PTQ drive to the main engine. Additionally, the clutch mz.
>e zutomaticelly stipped 1o modulate creg loads experienced by the 572
wren jr ting the main engine. This zvoids 3FS uncerspesd ant for
<

E
Jre operzling conditions.

. Torgue converter — The torque converter multiplies torque output of
e JFS, Maximum torque multiplication is generated during initiz}
engazement of JFS power to start rotation of the main engine, thus
providing maximum brezkaway torque.

1.4.13 Power Takeoff (PTO) Shaft
The PTO shaft is the mechanical link between the airframe-mounted ADG and the
gearbox mounted on the main engine. During main engine starting or motoring, power
Iiows In series irom the JFS through the ADG to the PTO shaft and the main engine
gearbox to rotate the high compressor spool (N2) of the main engine (Figure 1-2), Wit
the main engine running on its own power, the’ power flow reverses.- N2 rotation js
transmitted through the main engine gearbox and PTO shaft to the ADG.

Engine power is preciuded from driving the JFS by an overrunning clutch betweer
the accessory crive and JFS sections of the ADG.

The PTO shaft incorporates metal bellows near each end o0 compensare for anguler
tolerances between ADG mounting positions and the main engine. B
1.5 LEADING PARTICULARS -

' The engine starting system leading particulars include the design.characrsristics,
components and systems, and specifications.

Specifications for the IFS and.ESS follow.

JFS Specifications ‘

;DESIGN CHARACTERISTICS {nominal unless specified) . -

Rated Engine Speed ) _ 61,565 rpm (100 percent rated speed)
Maximum Allowzble Engine Speed 67,722 rpm (110 percent.rated speec)
Weight {Approximately) . 425 1b

(Loose-shipped parts) h 2.1
Standard Operating Conditions Sea level 10 20,000 feet altitude
Rated Output Power - 210 SHP

(Sea level, 59°F engine in-
let temperature, zero inlet
and exhaust duct losses)

Rated Exhadst Gas Temperature 1200°F (649°C)

-
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Nlasimien -\‘*.:‘,,L Gns Te'ﬁpera—ture e

Dur.ng Start 1370%F (743°C)

e \ -

Fuel Censumption &t Rated 198 poh at 210 SHP, sea level. 29
Tower (14.87C) engine inje1 temperature

FLEL AND LUBRICAN

Fuel
Standard MIL-T-5624, Type P&, JPE,

khn;ct;num fuel temperature —550!"
{-547C)
MIL-T-5624, Type JP3
Minimum fue] temperature - -80°F
{-34°C)

Lubriczting Ol ' CAUTION

(Engine Only}

The engine will operate satisfactorily
with the oils listed; however, different
ypes. of oils should not be mixed. I

the engine oil supply is low and the type
of oil in use is not available, drain the
_sump and replenish with another cualiiied
oil. The oil filter element should be
changed.

APPROVED QOIL
*MIL-L-7868

Oil Consumption Rate O.i'U,pph

This oil is cpproved for 2 minimum oi} temaerature of -65 OF (-54°C); all other oils are
cppmved 10 -40°F {-40°C).

_COMPONENTS AND SYSTEMS

Compressor Single-stage, centrifugal-fiow
Turbine - Single:sizge, radial-inflow
Combustor Arnuizr type

£ lectrical System

Power Supply 18 to 32 vde (Customer Furnished)
Ienition Exciter Cepacitor-discharge type
Spark Plug _ Sur:’éce-discharge type

=16
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Zxternzi Fuzl Supply 200 pph minimum at minimum of 5
Pressure/Flow psi above tne true vapor pressure
(Custamer Furnished) ol fuel to maximum of 75 psig
Fue. Tenx Flitar 10-micron zbsolute
Fuel Conircl Assembly -
SManifold Fliter Wire-cloth, 25-micron ebsolute
Fuel Pump Gear type
Governor . Flyweight-droop type
Engire Stit. g Mode
Armiient Temperature Operating Range -40° to 125°F e
Leximuin Altitude 20,000 feet P
‘tc\'rrur. Power Output (Standard Day-Sea Level) 210 hp
Eiecirical Power Reguirements ] 3.3 emps _
i..ube Fiow Rate io Aircraft Heat Exchanger i1.5 gpm : L
Jet Fuel Starter Shaft Speed €1,565 rpm .
Jei Fuel Stzrter Cutout Speed {PTO Shaift rpm) 8000 Spm : ;
Set Fuel Starter Exhaust Ges Temperature , 1370°F max 3
Hydraulic Start Motor Cutout Speed (JFS rpm) 43,095 rpm E

Accessory Drive Mode

Ambient Temperzture Cperating Range

Normal -80% to 160°F

Short Term (10 minutes max) 308°F
Operational Altitude i

Nermal 60,000 {eet

Short Term (2 minutes mzx) 78,000 feet g
L.ube Flow Rate to Alrcraft Heat Exchanger 1.5 10 3.0 gpm
Maximum Qil-ln Temperature from Alrcraft Heat Exchanger o '"f‘"

Normal 250 F

Short Term 275°F y
Power Takeof! Shaft Speed 16,500 rpm mzx *5’::.
Hygrauiic Pump Pads Speed ; : 640D rpm max ' P ""1
Integrated Drive Generztor Pac Speed or 8026 rpm max E

Mzin Generator/Constant Speed Drive
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Zlecirical Power Reguirements (@ 18 10 32 vde) 50 ma
orxmms Vode
Tpereting Time 2-5 minutes max
Z.ecivical Power Requirements (€18 w0 32 vde) 3.3 emps
Ceneral .
Fuel Type Pt or 5P-8, JP5
Luve Cil Type MIL-L-7808
Cepacity (exc:‘uding heat exchanger circuit) 7 qts
1.6 TECHNICAL ORDER LIST
These T.O.s are applicable to the engine starting system:
PF-1EA-250GV-002) General Vehicle
r-18A-2-80F1-00-] Fauly Isolzation
VE-16A-2-80FR-00-] Fault Reporting
iF-16A-2-80GS-00-]1 Engine Start System
PE-16A-2-80F1-00-1 Operationz! Checkout of Engine Start S}Stem
IF-16A-2-303G-10-] Engine Start System
1F-16A-2-233G-20-) Accessory Drive Gearbox
iF-16A-2-103G-00-] _ Parking, Mocring and Aircraft Sefety
}F-ilSA-lz-SO IPB Engine Start System
IF-16A-6 S;hedu!ed Inspection and Mzintenznce Requirements
]F-l;SA-SCF—J Acceptance/Functiona! Check Flight Procedures
1F-16 A-6CL-] Acceptance/Functi.ona! Check Flight Checklist
1F-]16A-65C-] Inspection E_eguiremen:s Sequence Char‘ts
IF-16A-6WC-] All -6 Inspection Work Cards
IF-16 A-6WC-2 Inspection Work Cards
ZIA3-57-3 - Jet Fuel Starter Assembiy
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SIMPLIFIED EKGIKE START S YSTEM SCHEMATIC
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{GIKE START SYSTEM MAJOR COMPONENTS
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ENGINE START SYSTEM MAJOR COMPONENTS
(SHEET 2 OF 2)
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