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INTRODUCTION

PURPOSE AND SCOPE.

This technical manual is one of a series providing
maintenance instructions for the F-15C and F-15D
aircraft. Maintenance instructions are compatible with
the provisioning of spare parts, test equipment and
special tools.

Section I of this manual contains general description,
principles of operation, sequence of operation and
support equipment of the complete engine starting
system. Section II contains pertinent information
relating to the JFS hydraulic start system. Section III
has specific information relating to the JFS and the JFS
fuel system. Section IV contains detailed information
relating to the CGB and the JFS/CGB oil system.
Section V has pertinent information relating to the
AMAD system and the LDM system. Sections II thru
V also contain primary subsystem information such as;
description and principles of operation, line replaceable
units, special maintenance requirements, consumable
materials and support equipment.

Five digit codes used throughout this publication to
identify equipment manufacturer may be designated as
Mfg. Code, FSCM or CAGE.

APPLICABILITY NOTATIONS.

Information and instructions contained in this manual
unique to one model are identified as F-15C and
F-15D. Data applicable to specific aircraft within a
series are identified by aircraft serial numbers.

IMPROVEMENT REPORTS.

Recommendations for improvements to prescribed
requirements and procedures will be submitted on
AFTO Form 22, Technical Order System Publication
Improvement Report per 00-5-19 and RSAF
TO 00-35D-54 to WR-ALC/LFI, 296 COCHRAN
STREET, ROBINS AFB, GA 31098-1622.

GLOSSARY.

Nonstandard abbreviations and symbols are described
below. All abbreviations and symbols used in the
maintenance  manual set are described in
TO SRIF-15C-2-00GV-00-1.

AMAD Airframe mounted accessory drive

CFT Conformal fuel tank

CGB Central gearbox

ESS Essential

GCU Generator control unit

IDG Integrated drive generator

JES Jet fuel starter

LDM Limited duty mode

LRU Line replaceable unit

PC Power control system

PMG Permanent magnet generator

PPH Pounds per hour

PSID Pounds per square inch
differential

AP Differential pressure

RECORD OF APPLICABLE TIME
COMPLIANCE TECHNICAL ORDERS.

The record of applicable time compliance technical
orders is a list of all TCTO which affect the technical
content (text or illustration) of this manual. Only
current TCTO are listed. A TCTO is deleted from the
list when any of the below occurs:

a. The equipment configuration to which the
TCTO is applicable is no longer covered in the manual.

b. The TCTO is rescinded.

c. The TCTO is superseded or replaced.



Record of Applicable Time Compliance Technical Orders

TCTO No. Title TCTO
Date
SR1F-15-922 Increased JES Hydraulic Start Energy and Additional JFS 4 May 90
Accumulator Power Source for Emergency Gear Extension
(ECP MDA-F15-1563, 1839)
SRI1F-15-977 F-15 Fire Detection for the After Burner Section 8 Mar 91
(ECP MDA-F15-1851)
2JA3-50-505 Jet Fuel Starter Fuel Control Unit Upgrade 15 Apr 01
2JA16-3-506 Improved AMAD Starter Cut-Out Switch Governor Redesign 3 Jul 86
2JA16-3-512 The Removal of Left Hand AMAD Limited Duty Mode (LDM) on 1 May 92
E-15 Series Aircraft
SR1F-15-1210 | Limited Duty Mode Deactivation F-15A/B/C/D Aircraft 30 May 93
SR1F-15-1253 | JES Exhaust Duct Replacement (ECP 2437-M) 3 Jan 94
2JA16-3-518 Left Hand Airframe Mounted Accessory Drive Pride Upgrade 15 Apr 01
2JA16-3-517 Right Hand Airframe Mounted Accessory Drive Pride Upgrade 15 Apr 01
2JA3-50-506 Jet Fuel Starter Pride Upgrade 15 Apr 01
2JA16-2-509 Central Gearbox Pride Upgrade 15 Apr 01

Vi




SECTION I
ENGINE STARTING SYSTEM

1-1. SYSTEM FUNCTIONAL DESCRIPTION.

1-2. DESCRIPTION.  This section  contains
description and principles of operation for the engine
starting system shown in figures 1-1, 1-2 and 1-3 for
the F-15C and F-15D aircraft.

1-3. The engine starting system combines hydraulic,
electrical and manual controls for JES starting and
engine starting.

1-4. Engine Starting Hydraulic Control System.
When the JET FUEL STARTER control handle is
pulled, the hydraulic start system receives hydraulic
pressure from either of two accumulators. The pressure
drives a hydraulic start motor, providing initial rotation
of the jet fuel starter (JFS). The control handle is in the
cockpit and the accumulators are in door 88L. To open
door 88L with a conformal fuel tank installed, door
567L must be opened first. The start motor is on the
central gearbox (CGB) in door 83.

1-5. Engine starting is regulated by the throttle
fingerlifts which control the central gearbox (CGB)
hydraulic clutch control valve. This valve, on the CGB,
provides 350 psi control oil to the CGB isolation
decouplers and the CGB clutch for engine starting. The
valve contains an electrically energized torque motor, a
flapper valve and control nozzles, a three spool director
valve, a primary shuttle valve, a limited duty
solenoid (CGB 386720-4-1), a limited duty shuttle
valve (CGB 386720-4-1), a clutch programmer orifice
and bellows, and a drain check valve.

1-6. The torque motor controls the decoupler selection
by actuating the flapper valve and moving the normally
centered director spool valve to open the decoupler
port to the 350 psi supply pressure depending on which
fingerlift was raised. The primary shuttle wvalve
provides a hydraulic interlock to prevent both isolation
decouplers from being pressurized simultaneously. The
clutch programmer orifice and bellows restricts the
pressure to the clutch and JES fuel control port to make
sure the isolation decouplers are extended before the
CGB clutch is engaged or the fuel control pressure
switch is actuated.

1-7. For right engine starting, control oil pressure is
applied through the limited duty shuttle
valve (CGB 386720-4-1) with the limited duty
solenoid (CGB 386720-4-1) deenergized, while the
primary shuttle valve locks out the left decoupler by

closing the pressure port.

1-8. Engine Starting Electrical Control System. The
permanent magnet generator (PMG) supplies the
electrical requirements for the engine starting system.
The PMG, power turbine overspeed switch and oil
pump, right decoupler position switch
(CGB 386720-4-1), CGB hydraulic clutch control
valve and hydraulic start motor are mounted on the
central gearbox in door 83. The JFS fuel control, JFS
two-speed switch, generator control unit (GCU), JFS
ignition unit and igniter plug are mounted on the JFS in
door 94. An integrated drive generator (IDG), a utility
hydraulic pump, power control (PC) hydraulic pump
and an oil pump and start cutout switch are mounted on
each AMAD in doors 85 L and R.

1-9. The PMG is a single phase, ac generator with a 10
pole permanent magnet rotor. The dual stator has a
high voltage start winding and a low voltage load
winding. Before TO 1F-15-922, aircraft wiring
connects the PMG to the GCU. After TO SRIF-15-
922, aircraft wiring connects the PMG to the GCU and
to the ignition unit through the JFES run relay. The GCU
rectifies and filters the PMG load voltage and before
TO SRIF-15-922, it applies PMG start ac voltage to
the JFS ignition unit. The GCU has a voltage regulator,
rectifiers/filters, overvoltage protector and a start
sequence relay.

1-10. The JFS ignition unit is a 1.5 joule, high voltage,
capacitor discharge unit with an intermittent duty cycle
rating of 10 seconds on and 10 minutes off. The
ignition unit provides a minimum spark rate of 2.6
sparks per second at 10vac, 360 Hz. The ignition unit is
connected through a shielded, high voltage ignition
cable to a single igniter plug in the JFS combustor. The
gas generator two-speed switch is connected to the gas
generator power output shaft on the JFS. The 50
percent contacts of the switch close and complete a
circuit to the STARTER-READY light in the cockpit
when the JFS is at 50 percent speed. If the gas
generator exceeds 110 percent, the contacts open,

80-00-00
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providing a safety cutoff, should the JFS overspeed.
The 110 percent power turbine overspeed switch and
pump is on the CGB. The centrifugal switch senses JES
power turbine speed. If the power turbine develops an
overspeed condition the switch contacts open and shuts
down the JFS.

1-11. The JFS control relay, JES ready relay and the
fire extinguisher bus control relay are in door 6L. The
JES control relay prevents cycling of the JES control
system if a malfunction should develop. The JFS ready
relay when energized, applies 28vdc to the JFS/ESS
28VDC circuit breakers. See figure 1-3. The fire
extinguisher bus control relay keeps the fire
extinguisher bus powered to 14vdc on JFS shutdown.
The JFS wvoltage output relay is on the no. 3
miscellaneous relay panel. This relay is voltage
sensitive and will energize after 16 vdc is applied to the
JFS voltage output relay with a time delay of 100 to
200 milliseconds BEFORE TO SR1F-15-922 and 800
to 1200 milliseconds AFTER TO SR1F-15-922. The

80-00-00
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relay provides a circuit through the overspeed and
cutout switches to the control winding of the JFS
control relay.

1-12. AFTER TO SR1F-15-922 the JES control timer
and JFS run relay was added. The JES run relay will
keep power supplied to the JES ignition unit until the
JES control timer (a 1.5 second delay to operate relay)
energizes.

1-13. The STARTER switch, STARTER-READY
light and ENG MASTER switches are on the ENGINE
control panel in the cockpit. The STARTER switch
controls the voltage to the JFS fuel shutoff valves. The
STARTER-READY light comes on when the JFS is at
50 percent and indicates the JFS is ready for an engine
start. The ENG MASTER switches activate the engine
starting circuits.
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52Z-C007  ESSENTIAL BUS CIRCUIT BREAKER PANEL {24-50--12)
REF DES | zomE NOMENCLATURE BUS
11c80008 | ke R AMAD SEL 28vDC JFS/ESS 28VDC
1eecos | w4 L AMAD SEL 28vDE JFS/ESS 2BVIG
120BC010 | 43 L ENG FUEL SOV 28vDe ENG CONT/ESS 28VDC
12080011 | K3 R ENG FUEL 50V 28vDC €NG CONT/ESS 28VDC
2ceco0a | M4 AMAD F DET SVS 28VDC JFS/ESS 20vDC
2468001 | L4 AMAD F EXT SYS 28VDC FIRE EXT 28VDC
16CBC00 | Ha UTILITY FLOOD LT/ 28VDC JFS/ESS 20VRC

FTIT WARN
78cBCM1Z | G4 INTERCOM 2BVDE JFS/ESS 28VDC
TOGR26-02-01

Figure 1-3. Engine Start System Circuit Breakers (Sheet 1 of 2)
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1-14. PRINCIPLES OF OPERATION. With the
STARTER switch to ON, pulling the JET FUEL
STARTER control handle in the cockpit applies
accumulator pressure to the hydraulic start motor and
the JFS/PMG is rotated. This rotation produces a
voltage for ignition and fuel valves. The JFS
accelerates when lightoff occurs and the STARTER-
READY light comes on. After the JFS stabilizes at
idle, the JFS is ready for engine starting. When the
ENG MASTER switch is set to ON and the throttle
fingerlift is raised, the left or right isolation decoupler
extends, depending on the side selected. The JES
accelerates to 100 percent speed and the AMAD/
engine cranks. After engine lightoff and acceleration of
50 to 54 percent (BEFORE TO 6JA16-3-506) or 41 to
43 percent (AFTER TO 6JA16-3-506) N, rpm, the
AMAD start cutout switch opens and the JFS returns to
idle speed. After the second engine arrives at starter
cutout speed the JES shuts down automatically.

1-15. JFS Starting Sequence. See figure 1-4. The
JES is started by setting the STARTER switch on the
ENGINE control panel to ON and pulling the JET
FUEL STARTER control handle. The control sequence
is started when JFS accumulator discharge pressure is
applied to the hydraulic start motor and the JES/PMG
rotates. As PMG rotation increases, ac voltage is
applied to the GCU from the generator start and load
windings. BEFORE TO SR1F-15-922, the start voltage
is connected through the GCU start sequence relay to
the ignition exciter unit. AFTER TO SRI1F-15-922, the
start voltage is connected through the JFS run relay to
the ignition unit. The load voltage is connected through
the GCU rectifier and filter to the JES control circuits.
When this rectified voltage is at 16vdc, the voltage
sensitive JFS voltage output relay energizes. A circuit
is completed through the series connected gas
generator and power turbine overspeed switches, and
the parallel connected left and right AMAD start cutout
switches to the JFS control relay.

1-16. BEFORE TO SRI1F-15-922, the control relay
applies 28vdc from the GCU, through the STARTER
switch, to the JFS fuel shutoff valves. With fuel and
ignition at the JES combustor, lightoff occurs. The JES
accelerates, releasing the start motor and providing
increased PMG rotation. When 25 vac output is arrived
at, the GCU start sensor energizes the start sequence
relay, removing start voltage from the ignition unit.
When the gas generator 50 percent switch actuates,
28vdc is applied to the STARTER-READY light and
the JFS ready relay. The ready relay energizes and

isolates the ENG CON/TESS 28VDC bus from the
JES/ESS 28VDC bus to prevent the PMG from
paralleling with the integrated drive generators. The
ready relay also applies 28vdc to the JFS/ESS 28VDC
bus. The JFS/CGB accelerates to idle speed and is
ready for engine starting.

1-17. AFTER TO SRIF-15-922 the control relay
applies 28vdc from the GCU, through the STARTER
switch, to the JFS fuel shutoff valves. With fuel and
ignition at the JFS combustor, lightoff occurs. The JFS
accelerates, releasing the start motor and providing
increased PMG rotation. Approximately 1000
milliseconds after 16 vdc is applied to the JFS voltage
output relay it will energize. The JFS control timer will
energize 1.5 seconds after the voltage output relay
energizes. This will energize the JFS run relay and it
will remove power from the ignition unit, stopping
ignition. When the gas generator 50 percent switch
actuates, 28vdc is applied to the STARTER-READY
light and the JFS ready relay. The ready relay energizes
and isolates the ENG CONT/ESS 28VDC bus from the
JES/ESS 28VDC bus to prevent the PMG from
paralleling with the integrated drive generators. The
ready relay also applies 28vdc to the JFS/ESS 28VDC
bus to prevent the PMG from paralleling with the
integrated drive generators. The ready relay also
applies 28vdc to the JFS/ESS 28VDC bus. The JES/
CGB accelerates to idle speed and is ready for engine
starting.

1-18. Right Engine Starting Sequence. See figures 1-5
and 1-6. With the JFS running at idle speed, 28vdc is
available from the JES/ESS 28VDC bus through the R
AMAD SEL circuit breaker. When the R ENG
MASTER switch is set to ON, the right engine master
relays no. 1 and no. 2 energize. This applies 28vdc
through the right AMAD oil pump and start cutout
switch to the right engine start switch. When the right
throttle fingerlift is raised (start switch actuated) 28vdc
is directed through the deenergized left AMAD select
control relay to the right AMAD select control relay
which energizes. With the right AMAD select control
relay energized, 28vdc energizes the right coil of the
CGB hydraulic clutch control valve. Simultaneously,
28vdc is now applied through the right AMAD oil
pump and start cutout switch, keeping 28vdc on the
right AMAD select control relay when the fingerlift is
released.

80-00-00
17



1-19. With the CGB hydraulic clutch control valve
energized, CGB control oil pressure extends the right
isolation decoupler into the AMAD pawl carrier. With
increased oil pressure, the CGB clutch engages and the
JFS fuel control clutch pressure switch actoates,
causing 28vdc to be applied to the JFS acceleration
control valve. The right AMAD/engine is coupled to
the CGB and the JFS accelerates to maximum speed.
After engine lightoff and acceleration to starter cutout
speed (BEFORE TO 2JA16-3-506 50 to 54 percent N,

rpm AFTER TO 2JA16-3-506 41 to 43 percent N,

rpm), the right AMAD oil pump and start cutout switch
actuates. This removes 28vdc from the right AMAD
select control relay and the CGB hydraulic clutch
control valve. Now 28vdc is applied to energize the
right engine run relay. With 28vdc removed from the
control valve, CGB control oil pressure is removed
from the right isolation decoupler, CGB clutch and the
fuel control pressure switch. This action decelerates the
JFS back to idle and decouples the CGB from the right
AMAD/engine.

1-20. Left Engine Starting Sequence. See figures
1-5 and 1-6. With the JFS running at idle speed, 28vdc
is available from the JFS/ESS 28VDC bus through the
L AMAD SEL circuit breaker. When the L ENG
MASTER switch is set to ON, the left engine master
relay no. 1 and no. 2 energize. This applies 28vdc
through the left AMAD oil pump and start cutout
switch to the left engine start switch. When the left
throttle fingerlift is raised (start switch actuated), 28vdc
is directed through the deenergized right AMAD select
control relay, to the left AMAD select control relay
which energizes. BEFORE TO [F-15-1210, 28vdc is
applied through the manual decoupler switch to
energize the left coil of the CGB hydraulic clutch
control valve. AFTER TO 1F-15-1210, 28vdc 1is
applied to energize the left coil of the CGB hydraulic
clutch control valve. Now 28vdc is applied to the left
AMAD select control relay from the left AMAD oil
pump and start cutout switch, to keep the relay
energized when the fingerlift is released.

1-21. With the CGB hydraulic clutch control valve
energized, CGB control oil pressure extends the left
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isolation decoupler into the AMAD pawl carrier. With
increased oil pressure, the CGB clutch engages and the
JFS fuel control clutch pressure switch actuates,
causing 28vdc to be applied to the JFS acceleration
control valve. The left AMAD/engine is coupled to the
CGB and the JFS accelerates to maximum speed. After
engine lightoff and acceleration to starter cutout speed
(BEFORE TO 2JA16-3-506 50 to 54 percent N, rpm

AFTER TO 2JA16-3-506 41 to 43 percent N, rpm) the

left AMAD oil pump and start cutout switch actuates.
This removes 28vdc from the left AMAD select control
relay and the CGB hydraulic clutch control valve. Now
28vdc is applied to energize the left engine run relay.
With 28vdc removed from the control valve, CGB
control oil pressure is removed from the left isolation
decoupler, CGB clutch and the fuel control pressure
switch. This action decelerates the JFS back to idle and
decouples the CGB from the left AMAD/engine.

1-22. JFS Shutdown Sequence. See figures 1-5 and
1-6. When the second engine arrives at starter cutout
speed the start cutout switch actuates. When the second
engine is the left engine, the left start cutout switch
actuates, removing the holding voltage from the left
AMAD select control relay and the CGB hydraulic
clutch control valve. When 28vdc is removed from the
CGB hydraulic clutch control valve, CGB control oil
pressure is removed from the hydraulic clutch and left
isolation decoupler and the left AMAD is disengaged
from the CGB. The JFS control relay is deenergized
when the remaining start cutout switch actuates and
28vdc is removed from the JFS fuel shutoff valves, and
the JES shuts down. When the second engine to arrive
at start cutout speed is the right, the sequence is started
when the right start cutout switch is actuated (the left
start cutout switch would have been opened). When
28vdc is removed from the CGB hydraulic clutch
control valve, CGB control oil pressure is removed
from the hydraulic clutch, isolation decoupler and the
right AMAD is disengaged from the CGB. When the
remaining start cutout switch opens, 28vdc is removed
from the JES control relay. The control relay drops out
and 28vdc is removed from the fuel shutoff valves
causing the valve to close.



























































































































































































































































































































