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INTRODUCING THE F-15E

SCOPE. This manual contains the necessary infor-
mation for safe and efficient operation of your air-
craft. These instructions provide you with a general
knowledge of the aircraft and its characteristics and
specific normal and emergency operating procedures.
Your experience is recognized; therefore, basic flight
principles are avoided. This manual provides the best
possible operating instructions under mosat circum-
stances. Multiple emergencies, adverse weather, ter-
rain, ete. may require modification of the procedures.

PERMISSIBLE OPERATIONS. The flight manual
takes a positive approach, and normally states only
what you can do. Unusual operations or configura-
tions are prohibited unless specifically covered
herein. Clearance must be obtained before any ques-
tionable operation, which is not specifically permitted
in this manual, is attempted.

HOW TO BE ASSURED OF HAVING LATEST DATA.
Refer to TO 0-1-1-4 for a listing of all current flight
manuals, safety supplements, operational supple-
ments, and checklists. Also, check the flight manual
cover page, the title block of each safety and opera-
tional supplement, and all status pages contained in
the flight manual or attached to formal safety and
operational supplements. Clear up all discrepancies
before flight.

ARRANGEMENT. The manual is divided into seven
fairly independent sections to simplify reading it
straight through or using it as a reference manual,

SAFETY SUPPLEMENTS. Information involving
safety will be promptly forwarded to you in a safety
supplement. Supplements covering loss of life will get
to you within 48 hours by ieletype, and supplements
covering serious damage to equipment within 10 days
by mail. The cover page of the flight manual and the
title block of each safety supplement should be
checked to determine the effect they may have on
existing supplements.

OPERATIONAL SUPPLEMENTS. Information
involving changes to operating procedures will be
forwarded to you by operational supplements. The
procedure for handling operational supplements is
the same as for safety supplements.

CHECKLISTS. The flight manual contains itemized
procedures with necessary amplifications. The check-
list contains itemized procedures without the ampli-
fication. Primary line items in the flight manual and
checklist are identical. If a formal safety or opera-
tional supplement affects your checklist, the affected
checklist page will be attached to the supplement. Cut
it out and insert it over the affected page but never
discard the checklist page in case the supplement iz
rescinded and the page is needed.

HOW TO GET PERSONAL COPIES. Each flight crew-
member is entitled to personal copies of the flight
manual, safety supplements, operational supple-
ments, and checklists. The required quantities should
be ordered before you need them to assure their
prompt receipt. Check with your publication distri-
bution officer - it is his job to fulfill your TO
requests. Basically, you must order the required
quantities on the appropriate Numerical Index and
Requirement Table (NIRT). TO 00-5-1 and TO 00-
5-2 give detailed information for properly ordering
these publications. Make sure a system is established
at your base to deliver these publications to the flight
crews immediately upon receipt.

FLIGHT MANUAL BINDERS. Looseleaf binders and
sectionalized tabs are available for use with your
manual, They are obtained through local purchase
procedures and are listed in the Federal Supply
Schedule (FSC Group 75, Office Supplies, Part 1).
Check with your supply personnel for assistance in
procuring these items.

CHANGE SYMBOL. The change symbol as illus-
trated by the black line in the margin of this para-
graph, indicates text and illustration changes made to
the current issue,

NOTE

Throughout the manual, retrofit (TCTO)
effectivities are presented in abbreviated
form. Refer to the Technical Order
Summary at the front of the manual for
detailed production/retrofit effectivites,
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] WARNINGS, CAUTIONS, AND NOTES.

The following definitions apply to Warnings, Cau-
tions, and Notes found throughout the manual.

WARNING

Operating procedures, techniques, etc.,
which will result in personal injury or loss
of life if not carefully followed.

Operating procedures, techniques, etc.,

which will result in damage to equipment
if not carefully followed.

NOTE

An operating procedure, technique, etc.,
which is considered essential to
emphasize,

SHALL, SHOULD, MAY, AND WILL.
The following definitions apply to Shall, Will, May

and Should found throughout the manual. The word
“ghall” is used to express a mandatory requirement.

iv

The word “should” is used to express nonmandatory
provisions. The word “may” is used to express permis-
siveness, The word “will” is used only to indicate
futurity.

ILLUSTRATIONS

The illustrations used throughout Section 1 of the
menual are intended to be used as examples. The
gpecific situation may not be exactly as shown,

YOUR RESPONSIBILITY - TO LET US KNOW.

Review conferences with operating personnel and a
constant review of accident and flight test reports
assure inclusion of the latest data in the manual. In
this regard, it is essential that you do your part.
Comments, corrections, and questions regarding this
manual or any phase of the Flight Manual program
are welcomed. Corrections shall be submitted on AF
Form 847 and forwarded through your Command
Headquarters to: ASC/VFT BLDG 56, 2100 THIRD
ST STE 1, WRIGHT-PATTERSON AFB OH 45433-
7015.
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INTERIM SAFETY/OPERATIONAL SUPPLEMENT SUMMARY

The following list contains the previously cancelled or incorporated Safety/Operational
Supplements; the outstanding Safety/Operational Supplements, if any; and the Safety/
Operational Supplements incorporated in this issue. In addition, space is provided to list
those Operational Supplements received since the latest issue,

NUMBER PURPOSE DISPOSITION/
INCORPORATION
DATE
1F-15E-15-1 thru These supplements have been incorporated/rescinded. Revision D,
1F-15E-158-43 15 April 93
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TIME COMPLIANCE TECHNICAL ORDER (TCTO) SUMMARY
This summary lists only those TCT('s which affect this manual.

. Produection Retrofit
TCTO ECP Title Effectivity Effectivity
1F-15E-501 1851 Expanded AFT 87-0201 and up 86-0183 thru
FIRE BURN 87-0200
THRU Detection
System
1F-15E-506 2018 Pitch, Roll and 87-0181 and up 86-0186 thru
Yaw Trim Excita- 87-0180
tion Switchover
from Main 28VDC
to ESS 28 VDC
Bus
1F-15E-561 1575-R1 Installation of Mo- | 90-0233 and up 86-0183 thru
lecular Sieve Oxy- 90-0232
gen Generating
System (MSOGS);
2390 MSOGS-ECS Con-
trol Panel Lighting
Change
1F-15E-616 2297-C MPCD Power 89-0497 and up 86-0183 thru
Source Change 89-0496
1F-15E-638 2239 Provide Quick Cal | 90-0239 and up 86-0185 thru
capability for RMR 90-0238
1F-15E-640 2218 Replace CRYPTO | 90-0250 and up 86-0183 thru
toggle switch on 90-0249
RICP
1F-15E-654 1670 Installation of P/N | 90-0261 and up 86-0183 thru
134A600-60 VHSIC 90-0260
Central Computer
1F-15E-655 2405-M Skid Control 90-0248 and up 86-0183 thru
Touchdown Protec- 90-0247
tion Enhancement
1F-15E-656 2390 MSOGS-ECS Con- | 91-0323 and up 90-0233 thru
trol Panel Lighting 91-0322
Change

vi
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— TIME COMPLIANCE TECHNICAL ORDER (TCTO) SUMMARY (Continued)
This summary lists only those TCTO’s which affect this manual.
. Production Retrofit
TCTO ECP Title Effectivity Effectivity
P
The following are Engineering Change Proposals (ECP’s) which
do not have retrofit TCTO’s currently assigned.
—_ 1656 F11¢ Compatible 86-0184 and up
Fuselage Incorpo-
rating BLATS and
9G Capability
1661-M6 Countermeasures 86-0185 and up
Dispenser Switch
1873-V JFS/AMAD/Engine | 86-0185 and up
Bay Pneumatic
Fire Detection Sys-
tem
1887-0 CFT Fuel Transfer | 86-0185 and up
Pump Monitoring
1935 Installation of 87-0189 and up
- Have Quick IT Ra-
die
2009 Incorporation of 88-1667 and up
. Maintenance Diag-
nostic Panel
1955 Installation of 90-0233 and up
F100-PW-229 En-
gines
1955-54 Addition of Asym- | 90-0233 and up
metric Thrust De-
parture Prevention
System(ATDPS)
—
T

vil
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BLOCK NUMBERS

USAF SERIAL NUMBER

BLOCK 41

B6-0183 AND 86-0184

BLOCK 42

86-0185 THRU B86-0190

BLOCK 43

87-0169 THRU 87-0189

BLOCK 44
87-0190 THRU 87-0210

BLOCK 45
86-1667 THRU 88-1687

BLOCK 46
88-1688 THRU B8-1708

BLOCK 47
89-0471 THRU 89-0488

BLOCK 48
89-0489 THRU 89-0506

BLOCK 49
90-0227 THRU 90-0244

BLOCK 50
90-0245 THRU 90-0262

BLOCK 51
91-0300 THRU 91-0317

BLOCK 52
91-0318 THRU 91-0335

BLOCK 53
91-0600 THRU 97-0605
92-0364 THRU 92-0366

1SE-1—{15—1}44-CAT]

viii
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AIRCRAFT

The F-15E is a high-performance, supersonic, all-
weather, dual role fighter built by McDonnell Douglas
Aerospace. In the air superiority role, its primary
weapons are radar guided and infrared homing air-to-
air (A/A) missiles and a 20 MM gun. In the interdic-
tion role, the aircraft carries Low Altitude Navigation
Targeting Infrared for Night (LANTIRN) targeting
and navigation pods on dedicated sensor stations
under the left and right engine inlets and can carry a

variety of guided and unguided air-to-ground (A/G) J

weapons. The aircraft s powered by two Pratt and
Whitney F-100-PW-220 or -229 turbofan engines.
Aircraft appearance is characterized by a high-
mounted swept-back wing and twin vertical stabiliz-
ers. The cockpits are elevated to enhance visibility.
The basic aircraft configuration is with conformal fuel
tanks (CFT’s) and without pods or pylons. CFT’s
with tangential carriage of A/A and A/G weapons can
be removed.

A jet fuel starter (JFS) provides self-starting of the
engines, Aircraft systems are designed and located for
high maintainability and reliability. Refer to foldout
section for general arrangement illustration

1-1



TO 1F-15E-1

DIMENSIONS

The approximate overall dimensions of the aircraft

are:

Span — 42 feet, 10 inches

Length — 63 feet, 9 inches

Height — top of vertical tail —18 feet, 8 inches
top of closed canopy — 12 feet

Distance between main landing gear — 9 feet

WEIGHTS

The following weights are approximate to the nearest
500 pounds and shall not be used for computing
aireraft performance or for any type operation.

W/0 CFTs
pounds
33,500

With CFTs
pounds
37,500

Configuration

Operating weight
(basic weight plus
crew)

54,500 Takeoff gross weight
(operating weight
plus full internat
fuel, full centerline
fuel tank, ammuni-
tion, LANTIRN
Pods, wing pylons
and four LAU-114
migsile racks)

68,000

63,500 Takeoff gross weight 76,500
as above plus two
full external wing
fuel tanks

81,000

Maximum gross 81,000

weight

ENGINES

The aircraft is powered by two Pratt and Whitney
F100-PW-220 or -229 turbofan engines with after-
burners. The -220 engines are installed on F-15E
86-0183 THRU 90-0232. The -229 are installed on
F-15E 90-0233 AND UP, All further references will be
made using “-220 engines” or “-229 engines”. The
-220 engine is controlled by a full autherity digital
electronic engine control (DEEC). The -229 engine is
controlled by an improved digital electronic engine
control (IDEEC). The DEEC/IDEEC automatically
trims to maintain performance as the engine deterio-
rates. In the remaining text the DEEC/IDEEC will be
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referred to generically as the DEEC unless specific-
ally referring to either the -220 engine or the -229
engine.

ENGINE STARTING SYSTEM

A self contained JFS is used to crank the engines for
starting. The JFS is a small jet engine mounted on the
central gearbox and along with the Airframe Mounted
Accessory Drive (AMAD), provides rotation and ini-
tial electrical power for start. The JFS itself is started
by accumulated hydraulie pressure. External power is
not required during engine start. The JFS provides
the only means of engine rotation for start.

ENGINE AIR INDUCTION SYSTEM

The two independent air induction systems consist of
three variable ramps, a variable diffuser ramp, and a
variable bypass door. Refer to figure 1-1.

Variable Ramps

The variable ramps provide air, at optimum subsonic
flow, to the face of the engine fan inlet throughout a
wide range of aircraft speeds. Ramp position is con-
trolled by the air inlet controller.

Bypass Door

The bypass door automatically relieves excess pres-
sure in the inlet duct. The air inlet controller posi-
tions the bypass door.

Air Inilet Controller

An air inlet controller (AIC), one for each inlet, uses
angle of attack, aircraft Mach number and other aiz
data system outputs to automatically schedule the
ramps and bypass door throughout the aircraft enve-
lope. The first ramp is locked in the up position until
the engine is started.

Inlet Ramp Switch

An inlet ramp switch for each inlet is in the front
cockpit on the miscellaneous control panel. The
switch is lever locked, and has positions of AUTO and
EMERG.
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ENGINE AIR INDUCTION SYSTEM

SECOND RAMP THIRD RAMP BYPASS DOOR

/ DIFFUSER RAMP

A

—l
/ PW-220
G ENG OR-229
ENGINE
x\m
FIRST RAMP
Figure 1-1 1BE-1~{5-1J44-CATI
AUTO The AIC automatically controls IGNITION SYSTEM
the air inlet system. This is the
normal position. The ignition system contains an independent engine
igni 1 two for th
EMERG Removes electrical power from the mounted generator and four igniter plugs {two for the

ramp and bypass door actuators,
causing them to move hydraulic-
ally to the emergency (ramps
locked up and bypass door closed)
positions. If hydraulic pressure
fails, airloads will force the ramps
and bypass door to the emergency
position,

NOTE

The internal inlet ramps can take up to
45 seconds to reposition after placing the
ramp switch to EMERG

ENGINE OIL SYSTEM

Each engine is equipped with a completely self-
contained oil system. Qil is supplied to the main
pump element by gravity feed. Return of the engine
oil to the pump reservoir is severely limited during 0
or negative g flight. Refer to Servicing Diagram, this
section, for oil specifications,

ENGINE FUEL SYSTEM

Refer to foldout section for airplane and engine fuel
system tllustration.

engine and two for the afterburner). During engine
start, moving the throitle from OFF to IDLE causes
the engine igniter plugs to discharge. Ignition then
remains continuous during engine operation. When
the throttle is moved into afterburner, afterburner
ignition is activated for approximately 1.5 seconds for
-220 or 3.5 seconds for -229. Ignition is automati-
cally recycled, up to three times, in the event of a
no-light or blowout, without retarding the throttle to
MIL.

ENGINE CONTROL SYSTEM

The engine control consists primarily of a hydrome-
chanical main fue! control (MFC), afterburner fuel
control (AFC) and a full authority DEEC.

The engine control uses a digital primary control
(PRI) with a backup hydrometrical secondary control
(SEC). The secondary mode can be achieved either by
an gutomatic primary mode fault action or by the
pilot manually selecting OFF on the cockpit ENG
CONTR switch, During SEC mode operation, A/B is
inhibited and engine thrust is limited to 70-80% MIL
power in primary mode. The pilot can attempt to
restore primary mode operation by cycling the ENG
CONTR switch; if the fault that caused the transfer
has cleared, the engine will return to primary mode.

1.3
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Digital Electronic Engine Control -220 ENGINES

The DEEC contains the engine operating schedules
for automatic control from IDLE to MAX A/B, and is
powered by the engine alternator. The DEEC sche-
dules engine and afterburner fuel flows, compressor
inlet variable vanes (CIVV), rear compressor variable
vanes (RCVV), start bleed position, anti-ice and noz-
zle position. The DEEC controls engine performance
by scheduling engine fuel flow to control airflow and
nozzle position to control engine pressure ratio
(EPR). EPR is the ratio between engine exhaust
pressure and engine inlet pressure. By controlling
airflow and EPR the engine performance is main-
tained comsistent for a new or deteriorated engine
until the FTIT limit is reached. If the DEEC detects
a failure that prevents it from safely controlling the
engine it will automatically switch to the secondary
mode, the same as ENG CONTR switch OFF. In this
mode afterburner operation is inhibited, thrust is
limited, the CIVV are in the fuily closed position, the
nozzle is closed to the minimum area (less than 5%)
and the L or R ENG CONTR caution is displayed.
The RCVV, start bleeds and engine fuel flow are
scheduled by the MFC. The engine will remain in this
mode until the failure clears and the L or R ENG
CONTR switch is cycled. The engine can be started
with the L or R ENG CONTR switch ON or OFF. The
ENG CONTR switch position should not be changed
within 90 seconds after advancing the throttle to
IDLE. If the start is made with the switches OFF or
the DEEC reverts to the secondary mode, ground
starting time will be longer.

improved Digital Electronic Engine Control -229
ENGINES

The IDEEC contains the engine operating schedules
for the same automatic control from start through
MAX A/B as provided by the -220 engine. The -229
IDEEC includes a ground idle thrust {GIT) setting to
maintain equivalent -220 engine taxi performance.
GIT is automatically activated with the aircraft on
the ground and throttles near idle. Acceleration from
ground IDLE to MIL will be approximately 1 second
longer than from approach or flight idle.

The -229 IDEEC also includes transient idle control
logic. After a snap decel, engine gpeed will initially
decrease to approximately 79% rpm, while thrust
decreases to the requested throttle setting. If the
throttle is not advanced for 20 seconds, engine speed
will then further decrease and stabilize at a steady-
state idle rpm with no additional thrust decrease.
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This control feature extends engine life and improves
bodie (MAX-IDLE-MAX and MIL-IDLE-MIL)
response times.

Engine Control Switches

The L and R ENG CONTR (engine control) switches
are located in the front cockpit on the engine control
panel. The switches have two positions, ON and OFF.

ON DEEC provides normal engine
control.

OFF Engine control is transferred to
secondary mode (hydromechanical
MFC). Afterburner inhibited,

engine thrust reduced to 70-80%
MIL, and exhaust nozzle will
remain closed with gear handle
down.

Main Fuel Control

The main fuel control (MFC) houses the hydrome-
chanical components that are controlled by the
DEEC in the ENG CONTR ON mode. If the DEEC is
transferred to the secondary mode or the ENG
CONTR switch is OFF, the MFC schedules the
engine fuel flow, start bleed position and RCVV
position hydromechanically in response to throttle
movement, inlet static pressure and engine inlet total
temperature,

ENGINE MONITORING SYSTEM

The engine incorporates an engine meonitoring system
which consists of the DEEC and the engine diagnostic
unit (EDU), The DEEC and EDU continuously mon-
itor electrical control components and engine opera-
tion to detect engine failures. Abnormal engine oper-
ation and either intermittent or hard failures of
components are detected and flagged for mainten-
ance. During abnormal engine operation or compo-
nent failure, the EDU will record engine and aircraft
data as an aid to maintenance troubleshooting. The
EDU also maintains engine life cycle information.
Airframe mounted LEFT or RIGHT ENGINE and L
or R ENG MON SYS fail indicators, located on the
avionics status panel in the nose wheelwell, are
latched if a fault is detected which requires mainten-
ance attention.



AFTERBURNER SYSTEM

-220 ENGINES

The afterburner has five stages that are progressively
selected as the throttle is moved from MIL to MAX,
In the upper left corner of the engine envelope stages
two thru five may be inhibited.

-229 ENGINES

The afterburner has 11 segments that are progres-
gively selected as the throttle is advanced from MIL
to MAX. The number of selectable afterburner seg-
ments is automatically reduced as the aircraft moves
towards the upper left corner of the afterburner
operating envelope. During snap accelerations the
first segment of the afterburner may, depending on
flight condition, light at just above IDLE rpm and the
succeeding segments will light as speed approaches
MIL rpm. When MAX AB is selected, FTIT will
increase by as much as 50°C over MIL power FTIT,

-220 AND -228 ENGINES

The engine (-220 or -229) uses a light-off detector
(L.OD) to signal the DEEC if a light-off occurs. The
DEEC then schedules the AFC fuel flow for the
remaining segments. If the LOD does not sense a
light-off or a blowout occurs, the DEEC automatically
resets the MFC to MIL, terminates afterburner fuel
flow and a check of the LOD is performed. If the LOD
checks good, the DEEC will automatically attempt up
to three more relights, If the afterburner still fails to
light, retarding the throttle to MIL or below will reset
the DEEC and the system will operate normally when
afterburner is reselected. If the LOD checks failed,
the DEEC will attempt one relight, bypassing the
LOD, using tailpipe pressure to verify an afterburner
light-off. Afterburner light-off may take longer and
appear to hesitate if the LOD ig failed. Afterburner is
inhibited in the ENG CONTR OFF mode.

VARIABLE AREA EXHAUST NOZZLE

The engine has a convergent-divergent nozzle system
which is continuously variable between minimum and
maximum opening. The nozzle is positioned pneuma-
tically by engine bleed air.

Exhaust Nozzle Control

-220 ENGINES

The nozzle is controlled by throttle position and
landing gear handle position. With the gear handle
down, throttle in IDLE and the DEEC on, the nozzle
will be approximately 80% open. As the throttle is
advanced, the nozzle closes to near minimum area.

TO 1F-15E-1

With the landing gear handle up, the nozzle is near
minimum area at all times except at MIL or above. At
MIL the nozzle indicators will show the nozzles
slightly open (5 - 10%). As the throttle is advanced in
the afterburner range the nozzles will schedule fur-
ther open to compensate for increasing afterburner
fuel flow. With the DEEC off or in secondary mode,
nozzle position will be closed to near the minimum
area in flight or on the ground. This will result in
higher idle thrust and taxi speeds.

-229 ENGINES

The exhaust nozzle is controlled by the throttle
position and landing gear handle position. With the
gear handle down, throttle in IDLE and the IDEEC
ON, the nozzle will be approximately 80-100% open.
As the throttle is advanced, the nozzles close to near
minimum area. With the landing gear handle UP, the
nozzle ig near minimum area (10%) when the throttle
is below MIL. At subsonic speeds with the throttles at
MIL, the nozzles will generally be less than 20% open;
at supersonic speeds with the throttles at MIL, the
nozzles can be as high as 45% open. As the throttle is
advanced in the afterburner range, the nozzle will
schedule further open to compensate for increasing
afterburner fuel flow. With the IDEEC OFF, nozzle
position will be closed to near minimum area (<5%)
inflight or on the ground. This results in higher idle
thrust and taxi speeds.

WARNING

On aircraft with PW-229 engines, wait
10 minutes after engine shutdown before
performing inlet and exhaust inspection
due to the possibility of auto-ignition
after shutdown.

ENGINE ANTI-ICE

The engine anti-ice system is comprised of the inlet
ice detector and the engine anti-ice valve. The engine
anti-ice valve and the inlet ice detector are function-
ally unrelated. The detector only senses engine inlet
ice build up and turns on the INLET ICE caution,
The engine heat switch, on the front cockpit ECS
panel, controls the engine anti-ice airflow to the
engine nose ¢one and stationary inlet guide vanes and
electrically heats the inlet pressure probe. The DEEC
will automatically shut off the engines anti-ice when
the altitude is above 30,000 feet or the engine inlet
temperature is above 15°C (60°F) or throttle is ||
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| advanced beyond approximately mid-range regard-
less of switch position.

ANTI-ICE ENG HEAT Switch

The ANTI-ICE ENG HEAT switch is a three-
position switch. The functions are described below.

ON Activates the engine anti-ice sys-
tem.

OFF Deactivates the engine anti-ice
system.

TEST Checks detector operation, and

turns on the INLET ICE caution.

INLET ICE Caution

The INLET ICE caution indicates an ice build up on
the engine inlet ice probe located in the left engine
inlet duct. The INLET ICE caution remains on as
long as the icing condition exists and will not be
extinguished by activating the engine anti-ice system.

ASYMMETRIC THRUST DEPARTURE
PREVENTION SYSTEM (ATDPS)

With the higher thrust of the PW-229 engines, the
ATDPS is designed to reduce the possibility of a
directional departure due to asymmetric thrust at
high calibrated airspeeds. In response to an ENG
CONTR caution, while in the critical flight conditions
(above 500 knots calibrated airspeed [KCAS] while
greater than Mach 1.1), the ATDPS drives both
engines to SEC control. In SEC mode the thrust from
both engines is equalized. After the aircraft exits the
critical region, ATDPS automatically enables PRI
operation of both engines. Asymmetric thrust result-
ing from failures which do not cause an ENG CONTR
caution will not be protected by ATDPS.

ATDPS provides protection for all store loadings
except for three external tanks without CFTs.

WARNING

An asymmetric thrust condition on
aircraft configured without CFT: and
with three external tanks, while operating
above 630 KCAS at greater than Mach
1.3, may result in structural damage or
loss of aircraft.

ENGINE CONTROLS AND
INDICATORS

ENGINE MASTER SWITCHES

Two guarded engine master switches are in the front
cockpit on the engine control panel. Placing either
switch to ON (with electrical power available) opens
its corresponding airframe mounted engine fuel shut-
off valve and directs power to the fuel transfer pumps,
The engine master switch must be ON before the
corresponding engine can be coupled to the JFS.
Placing the switch OFF decouples the engine from the
JF8. If engine control/essential power is not available,
placing an engine master switch OFF will not shut off
its airframe mounted engine fuel shutoff valve.

VMAX Switch PW-220 ENGINES

Use of the maximum velocity (VMAX) switch is
prohibited in peace time. The VMAX switch is below
the front cockpit left canopy sill. The switch has a
guard which is wired down. When the wire is broken
and the guard raised, the switch may be placed to
VMAX which arms the system. With the system
armed, the throttle in MAX AB, and airspeed above
Mach 1.1, the engine control schedules a 22°C
increase in FTIT and a 2% increase in RPM. Main
engine and afterburner fuel flow is increased about
4% and thrust is increased about 4. Maximum con-
tinuous time in VMAX is 6 minutes. Each use of
VMAX must be reported so that a hot section bore-
scope ingpection may be performed. Maximum total
VMAX time before engine overhaul is 60 minutes.

VMAX Switch PW-229 ENGINES

The PW-229 does not respond to changes in the
VMAX switch position.
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THROTTLE QUADRANT

(FRONT COCKPIT)

RIGHT MULTI-FUNCTION SWITCH
MICROPHONE SWITCH
{coaur)
SPEED BRAKE SWITCH LEFT MULTI-FUNCTION SWITCH
{LASER FIRE)
ANTENNA ELEVATION CONTROL
UNDESIGNATE/
MISSILE REJECT SWITCH CMD DISPENSER SWITCH
(BOAT SWITCH) (PINKY)
TARGET DESIGNATOR/
LOS SLEW CONTROL
WEAPON/
MODE SWITCH
FINGER LIFTS
RUDDER TRIM SWITCH P ST
{NOT IN VIEW)
FRICTION ADJUSTING LEVER
MICROPHONE SWITCH
SPEED BRAKE SWITCH
RUDDER TRIM SWITCH

15E-1-(255-1]21-CAT)

Figure 1-2
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THROTTLE QUADRANTS

The front throttle quadrant contains the front throt-
tles, finger lifts, friction adjusting lever, rudder trim
switch and flap switch, Additionally, the throttle
grips contain switches to provide various system
controls without moving the left hand from the grips.
The rear throttle quadrant contains the rear throttles
and rudder trim switch. The rear right throttle grip
provides control switches for the microphone and
speed brake. Refer to figure 1-2. A detailed descrip-
tion of switch functions is in Front Cockpit Controls
or Rear Cockpit Controls, this section or in the
individual systems in this manual and TO 1F-156E-34-
1-1.

Throttles

Movement of the throttle is transmitted by mechan-
ical linkage to the main fuel control. A friction adjust-
ing lever is mounted adjacent to the front cockpit
right throttle. Finger lifts on the front cockpit throt-
tles couple the JFS to the engine during starting; they
must also be lifted to move the throttles below IDLE
and must then be released to move the throttles to
OFF. Advancing the throttle from OFF to IDLE
(during engine siart) opens the main fuel shutoff
valve in the fuel control and turns on engine ignition.
Movement of the throttles from IDLE to OFF closes
the main fuel shutoff valve in the fuel control, stop-
ping fuel flow to the engine. Afterburner light-off is
initiated by advancing the throttle forward of the
afterburner detent.

ENGINE MONITOR DISPLAY (EMD)

The engine monitor display (EMD) located on the
front cockpit (FCP) lower main instrument panel, is
the primary source of engine data. The EMD has a
left and right liquid crystal display for rpm, temper-
ature, fuel flow, nozzle position, and oil pressure
(figure 1-3), During engine starts without external

electrical power or when airborne and both main
generators are off line and the emergency generator is
on line, only rpm and temperature will be displayed
until one main generator comes on line. With one
main generator on line or external electrical power on,
all engine data will be displayed. If the engine data
exceeds the range of a parameter, that parameter will

RPM % Displays compressor rpm from 0 to
110% in 1% increments.

TEMP °C Displays FTIT from 200 to 1400°C
in 10°C increments.

FF PPH Displays main engine fuel flow
from 0 to 99,900 pounds per hour
in 100 pph increments.

NOZ POS % Displays exhaust nozzle position
from 0 to 100% open in 10% incre-
ments,

OIL PSI Displays oil pressure from 0 to 100

psi in 5 psi increments,

MPD/MPCD ENGINE DISPLAY

The MPD/MPCD engine display format provides an
alternate source for engine data displayed on the
EMD by displaying data on selected multi-purpose
display/multi-purpose color display (MPD/MPCD).
Refer to figure 1-4. The display is selected by pressing
the ENG button on the MENU display. If engine data
exceeds the range of a parameter the maximum or
minimum limit will be displayed on an MPCD, The
parameter will be displayed in yellow and boxed. If on
the MPD, they are displayed at a greater intensity
level and boxed. If any engine data is invalid or no
signal is received, OFF will be displayed for that
engine parameter. MPD/MPCD engine data dis-
played with rpm less than or equal to 10% is invalid.
EMD data is valid to 0%.
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Figure 1-3

With PW-229 engines, an additional test is available
for the ATDPS, The ATDPS can only be tested
during low speed ground operation. When ATDP
TEST is selected (from the MPD/MPCD sngine
display format), switching one engine control to OFF
will result in both engines transferring to secondary
mode. The engines will return to primary mode only
after engine control switches are set to ON and ATDP
TEST is deselected.

TO 1F-15E-1

RPM % Compressor rpm from 0 to 110% in
1% increments.

TEMP °C FTIT from 100 to 1375°C in 1°C
increments.

FF/PPH Main engine fuel flow from 0 to
150,000 pph in 10 pph increments.

NOZ POS Exhaust nozzle position from 0 to
100% open in 1% increments.

OIL PSI 0il pressure from 0 to 100 psiin 1

psi increments.

ENGINE CAUTION LIGHTS

The ENGINE caution light is in the front cockpit on
the caution lights panel and in the rear cockpit on the
warning/caution/advisory light panel. The ENGINE
caution light, MASTER CAUTION light and MPD/
MPCD caution come on when any of the following
cautions are activated: L INLET, R INLET, L. ENG
CONTR, R ENG CONTR, L OIL PRESS, R OIL
PRESS, INLET ICE, FIRE SENSOR, FUEL HOT, L.
BST PUMP, R BST PUMP, L. BLEED AIR, R
BLEED AIR or with PW-229 engines, ATDP. The
light remains on until the problem is corrected.

ENGINE MONITOR FORMAT
(-220 ENGINES INSTALLED) (—229 ENGINES INSTALLED)
/ on\ °"‘\
PEEEEER, (x Qlnjofolol j
TesT
D— ENGINE L R D D- ENGINE L R D
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Figure 1-4
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L/R INLET Cautions

The L or R INLET caution comes on with left or right
engine inlet controller failure,

L/R Engine Control Cautions

The L or R ENG CONTR caution comes on with left
or right DEEC transfer from primary to secondary
mode, loss of Mach number signal or afterburner
failure (afterburner partially or fully inhibited). Also
on aircraft BEFORE 90-0233, if either ENG CONTR
switch is OFF, the appropriate ENG CONTR caution
is displayed.

L/R OIL Pressure Cautions

The L or R OIL PRESS caution comes on with a low
left or right engine oil pressure (less than or equal to
8 psi).

FUEL HOT Caution

The FUEL HOT caution is displayed when the engine
fuel inlet temperature is too high

L/R BOOST PUMP Cautions

Two boost pump cautions are used. These cautions
are: L BST PMP (for left main boost pump) and R
BST PMP (for right main boost pump) and are
displayed if the associated boost output pressure is
low.

L/R BLEED AIR Cautions

These cautions come on when there is a left/right
bleed air leak or overtemperature.

ATDP Caution (-229 ENGINES)

The ATDP caution comes on when system operating
mode is other than commanded or when air data is
invalid.

NOTE

For -229 engines, the MASTER
CAUTION light, ENGINE category light
and ATDP caution will come on
momentarily during BIT,

FIRE WARNING /EXTINGUISHING
SYSTEM

The fire warning and extinguisher system consists of
three illuminating pushbutton switches, one fire
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extinguisher boitle, a discharge/test switch, and fire
sensors located in the engine and AMAD compart-
ments, and various warning/caution lights. The sys-
tem provides engine and AMAD fire warning, emer-
gency engine and JFS shutdown, and selective fire
extinguishing. The extinguisher is a gaseous system
which provides one-shot, one-compartment extin-
guishing capability. The gas is non-tozic, non-
corrosive and will not damage aircraft components.
Electrical power is required to operate the fire warn-
ing and extinguisher system. During JFS operation,
before the emergency generator comes on the line,
only the AMAD system is operative.

FIRE LIGHTS/SYSTEM OPERATICN

Three fire lights on the fire warning/extinguishing
panel in the front cockpit are combination warning
lights and fire extinguisher arming buttons. Two fire
warning lights in rear cockpit provide warning of L
FIRE and R FIRE but have no extinguisher function.
The three lights in the front cockpit are labeled
AMAD FIRE PUSH, L ENG FIRE PUSH and R
ENG FIRE PUSH. The appropriate fire light(s)
comes on when a fire or overheat condition exists.

After first lifting a spring loaded metal guard, press-
ing the L ENG FIRE PUSH or R ENG FIRE PUSH
light shuts off bleed air from, and fuel flow to, the
corresponding engine, and arms the extinguisher bot-
tle for release into the selected engine compartment.
After the L or R ENG FIRE PUSH light is pressed,
the engine decelerates but may continue running at
sub-idle rpm for up to 120 seconds until the fuel is
consumed downstream of the airframe mounted fuel
shutoff vaive.

After first lifting a spring loaded metal guard, press-
ing the AMAD FIRE PUSH light arms the extin-
guisher bottle for release into the AMAD/JFS com-
partment but will not prevent normal JFS operation.
When arm is selected, approximately 1/8 inch of
yellow and black stripes will be visible around the
outer edges of the light(s), The fire lights must be
pressed again to dearm the extinguisher and restore
the selected system to normal operation. On aircraft
87-0201 AND UP, the front cockpit firewarning/
extinguisher panel contains left and right AFTER-
BURNER BURN THRU warning lights. The respec-
tive light comes on to indicate a fire. Refer to Voice
Warning System, this section, for voice warning asso-
ciated with FIRE lights.



NOTE

If more than one FIRE PUSH switch is
pressed simultaneously, the extinguishing
agent is released to each of the areas
selected.

FIRE VOICE WARNINGS

-220 ENGINES

The fire voice warning system is activated when
either or hoth engines FTIT exceed 1000°C (over-
heat), or a fire condition exists.

-229 ENGINES

The fire voice warning system is activated when
either or both engines FTIT exceed 1107°C (over-
heat), or a fire condition exists,

-220 or -229 ENGINES

For an FTIT overtemperature condition the voice
warning states: WARNING, OVERTEMP LEFT or
WARNING OVERTEMP RIGHT, pauses, then
repeats the warning again. For an engine/AMAD fire
condition the wvoice warning statess WARNING,
ENGINE FIRE LEFT or WARNING, ENGINE
FIRE RIGHT or WARNING, AMAD FIRE, pauses,
then repeats the warning again. For a single-point
burn through or overtemperature condition in the
afterburner section the voice warning states: AB
BURN THRU LEFT or AB BURN THRU RIGHT,
pauses, then repeats the warning again.

FIRE TEST/EXTINGUISHER SWITCH

A discharge/test switch is located on the fire warning/
extinguishing panel in the front cockpit.

OFF System provides normal fire warning.
DIS- Momentary contact immediately dis-
CHARGE charges the extinguisher into the

selected compartment. If the AMAD
circuit was selected, the discharge
switch also shuts off fuel flow to the
JFS. The switch is lever-locked from
OFF to DISCHARGE and is spring
loaded to OFF.

TO 1F-15E-1

TEST Turns on the three fire lights (only
the AMAD light if the JFS is provid-
ing electrical power) and the left/
right AB BURN THRU lights, indi-
cating the fire sensors are
operational. Also turns on rear cock-
pit lights, Each fire light has four
sections with an individual light bulb
in each section. The top two bulbs of
the AMAD light are associated with
the AMAD fire sensor loop and the
bottom two bulbs with the JFS fire
sensor loop. The top bulbs of the
engine fire lights are associated with
the forward transponder loop of the
corresponding engine, and the bot-
tom two bulbs with the aft transpon-
der loop. Failure of any of the above
pairs of lights to come on during test
indicates failure of the corresponding
sensor loop. Switch is spring loaded
to OFF.

FIRE SENSOR CAUTION

Appearance of the FIRE SENSOR caution on the
MPD/MPCD indicates one or more fire sensors have
failed. The MASTER CAUTION and ENGINE cau-
tion also come on.

SECONDARY POWER SYSTEM

The secondary power system provides power for
starting the aircraft engines and transmits power
from the engine to the aircraft accessories. [t consists
of an accumulator-powered hydraulic motor, central
gearbox, JFS, and left and right AMAD gearboxes.

CENTRAL GEARBOX (CGB)

During JFS start, the CGB provides the mechanical
connection between the hydraulic motor and the JFS,
After the JFS is started, the CGB then provides the
gearing and clutching functions necessary to transmit
power from the JFS to the left or right AMAD
gearboxes.
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AIRFRAME MOUNTED ACCESSORY DRIVE

The left and right AMAD gearboxes are directly
connected to their respective engine, utility hydraulic
pump, power control {PC) hydraulic pump, and inte-
grated drive generator (IDG). During engine start,
power is transmitted from the JFS through the CGB
and through the applicable AMAD gearbox to the
engine. Once the engine is started, the CGB decouples
from the AMAD gearbox and the engine then drives
the AMAD gearbox and its associated accessories.
The accessories on either AMAD gearbox are suffi-
cient to support the aircraft systems if one engine or
ite associated AMAID gearbox fails. Refer to figure
1-5,

SECONDARY POWER SYSTEM

FE
ACCUMULATORS
HYD
MOTOR
wr =] e e e
AMAD AMAD
| (CGE)

y [ I 9
L JET FUEL R
ENG STARTER ENG
{IFS)

ECEm DECOUPLER

- — DRIVE TRALN FOR JFS START {HYD POWER}

——>> DRAIVE TRAIN FOR ENG START UF5 FOWER)

—== DRIVE TRAIN FOR ACCESSORIES {(ENG POWER)
15E—1—-(2])

Figure 1-5
JET FUEL STARTER

A JFS, mounted on the central gearbox, is used for
engine starting. It can start either engine, but not
both simultaneously. JFS operation is controlled by
the JES starter switch and the JFS control handle;
fuel is provided by the main aircraft fuel system. JFS
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ignition and electrical power are provided by the JFS
generator (permanent magnet). Starting power to the
JFS is provided by a hydraulic motor that is driven by
hydraulic pressure accumulators. The accumulators
are charged automatically by circuit B of the utility
hydraulic system, or manually by hand pump. The
JFS automatically shuts down when the second
engine reaches between 40 - 50% rpm. The JFS may
be used inflight to perform a JFS Assisted Restart,
refer to section III.

JFS Starter Switch

The JFS starter switch is in the front cockpit on the
right console engine control panel. It has positions of
ON and OFF. During engine start, the JFS is auto-
matically shut down after both engines are started;
however, it can be shyt down at any time by placing
the switch OFF.

NOTE

On aircraft 86-0183 THRU 87-0200, a
manual JFS shutdown may result in the
CAS and MPDP temporarily dropping
off line,

JFS Ready Light

The JFS ready light is in the front cockpit on the
right console engine control panel. The light indicates
the JFS is running. The light goes out when the JFS
shuts down.

JFS Control Handle

The JFS control handle is in the front cockpit on the
lower right corner of the main instrument panel.
Pulling the handle straight out discharges one JFS
accumulator. Rotating the handle 45° counterelock-
wise (CCW)} and pulling discharges both accumula-
tors, or the remaining aceumulator if one has already
been discharged. The handle is spring loaded to
return te its normal position.

JFS LOW Caution

The JFS LOW caution is displayed if either JFS
accumulator pressure is low.
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AIRCRAFT FUEL SYSTEM

Refer to foldout section for airplane and engine fuel
system illustration. Fuel is carried internally in four
interconnected fuselage tanks, and two internal (wet)
wing tanks. External fuel can be carried in three
external tanks and two conformal fuel tanks. The
external tanks are mounted on the centerline and
inboard wing station pylons and are completely inter-
changeable. CFT"s are mounted on the outboard side
of each engine nacelle. All tanks may be refueled on
the ground through a single pressure refueling point,
airborne they can be refueled through the aerial
refueling receptacle. External tanks may be individ-
ually fueled through external filler points. The inter-
nal wing tanks and tank 1 are transfer tanks. Tank 1
consists of one main tank and a right auxiliary tank.
‘FThe tanks are so arranged that all internal fuel will
transfer even if the transfer pumps fail. CFT fuel is
transferred by transfer pumps to any internal tank
that will accept it. Regulated engine bleed air pres-
sure transfers fuel from the external tanks to any
internal tank that will accept it and also provides a
positive pressure on all internal fuel tanks, Each CFT
is pressurized by a self-contained ram air pressuriza-
tion and vent system. Float type fuel level control
valves control fuel level during refueling or fuel trans-
fer operations. All internal, CFT and external fuel
(except engine feed tanks) may be dumped overboard
from an outlet at the trailing edge of the right wing
tip. All internal fuel tanks are vented through the
vent outlets at each wing trailing edge. The external
tanks are vented through the vent outlets in their
individual pylons. Each CFT is vented through an
outlet near the back of the CFT. The fuel quantity
indicating system provides fuel quantity, in pounds,
of all internal, CFT and external fuel. Refer to Ser-
vicing Diagram, this section, for fuel grade and spec-
ifications.

SURVIVABILITY

The internal fuel tanks, all of which are located
forward of the engines, contain foam for fire/
explosion protection. The feed tanks are self-sealing,
Fuel lines are routed inside tanks where possible, and
most have self-sealing protection when outside the
tanks. All CFT comparitments incorporate explosion
suppression foam slabs for enhanced survivability.
Dry bay areas (voids) around fuel cells on the sides
and bottom of fuselage fuel tanks are filled with
explosion suppression polyether foam,
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FUEL TRANSFER SYSTEM

The fuel transfer system provides for internal and
external fuel transfer. Internal fuel consists of L and
R internal wing tanks, L. and R engine feed tanks,
right aux tank, and tank 1. External fuel consists of L
and R CFT, LL and R external wing tanks, and the
external centerline tank. Any sustained fuel imbal-
ance greater than 200 pounds between internal wing
tanks or 1000 pounds between CFT lasting over 5
minutes should be reported on AFTO Form 781.

Refer to the prohibited maneuvers in Section 5
regarding angle of attack limits with fuel asymmetry
over 600 pounds or combined fuel and store asymme-
try.

Internal Fuel Transfer

Internal fuel transfer is accomplished by three elec-
tric transfer pumps (L and R internal wing tanks and
tank 1} and one fuel ejector pump (right aux tank).
The electric pumps automatically transfer internal
wing and tank 1 fuel to the engine feed tanks when
the level control valve(s) in either of the two feed
tanks is open. The transfer pumps run continuously
when electrical power is applied to the aircraft and an
engine master switch is on. However, tank 1 transfer
purap will not run unless the slipway switch is in
CLOSE even if the FUEL LOW light is on. During
normal operation 200 pounds of tank 1 fuel will
transfer before the internal wing tanks start transfer-
ring. This sequence causes the center of gravity (CG)
to move aft. Once the internal wings start feeding,
they will simultaneously transfer along with tank 1 to
the engine feed tanks. This is true during all engine
operations both on the ground or in flight. Although
tank 1 fuel gquantity is initially higher (approximately
550 * 200 pounds) than either internal wing tank, the
transfer rate of tank 1 and the internal wing tanks is
designed so that tank 1 and the wing tanks empty
within 200 pounds of each other. If the electric
transfer pumps fail, fuel from all internal tanks will
gravity transfer at a reduced rate to the engine feed
tanks. Check valves prevent fuel flow from the feed
tanks to the transfer tanks. The fuel ejector pump in
the right auxiliary tank automatically transfers fuel to
main tank 1 when its transfer pump is operating, If
the ejector pump or tank 1 transfer pump fails, fuel
will gravity transfer (through the open ejector pump)
at a reduced rate as the level of main tank 1 decreases.
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External Wing and Centerline Tank Transfer

External wing and centerline fuel is transferred by
engine bleed air pressure providing the landing gear
handle is UP. External fuel will not transfer with the
landing gear handle down or with the slipway switch
in OPEN unless the FUEL LOW light comes on. If a
complete electrical failure oceurs, the external fuel
will still transfer, There is no backup provision for the
external fuel transfer system. External fuel will nor-
mally transfer before the internal tanks start to
deplete. External wing tank fuel may not transfer at
the same rate or even together, but will normally
transfer before centerline fuel. Internal and all exter-
nal tanks can deplete simultaneously whenever
engine fuel consumption exceeds transfer capability.

CFT Transfer

Each CFT contains two transfer pumps, one in the
center compartment sump and one in the aft com-
partment sump. The sumps are connected by a float
controlled interconnect valve which isolates the
sumps until the aft compartment is almost empty or
the aft transfer pump fails. Each CFT also contains
an ejector pump that transfers fuel from the forward
compartment to the center compartment. The center
pump transfers forward/center compartment fuel and
the aft pump transfers aft compartment fuel. When
the aft compartment fuel level drops below an inter-
connect float valve level, the interconneet valve opens
connecting the two sumps. The CFT transfer pumps
run continuously when electrical power is applied to
the aircraft, an engine master switch is on, the slipway
switch is in CLOSE, CFT is selected on the external
transfer switch, and NORMAL is selected on CFT
STOP TRANSFER/REFUEL switch. Fuel transfer
sequence within the CFT is designed so the CG moves
forward as the CFT transfers fuel. Improper fuel
sequencing from the CFT may cause the CG to
remain or move aft while the CFT transfers fuel.
Refer to the CG limitations in Section VI for more
details on CG travel with fuel transfer,

External Transfer Switch

The external transfer switch has switch positions of
] WING/centerline (CTR) and conformal {CONF)
TANK. The switch is provided to select the transfer
sequence of the external fuel. In flight, all external
tanks are pressurized and can transfer fuel. On the
ground, since external wing and centerline tanks are
depressurized, no fuel will transfer from those tanks,
However, the CFTs can transfer fuel on the ground
since the CFT transfer pumps operate continuously.
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Whichever switch position iz selected, the opposite |
tank will not transfer unless the selected tank is
empty or the selected tank transfer rate is insufficient
to maintain full internal fuel. If the selected transfer
sequence doesn’t maintain full internal tanks, al) the
external tanks (wing, centerline, and CFT) will trans-
fer simultaneously until the internal fuel tanks are
full. (Internal fuel wil} deplete by approximately 1100
pounds before the simultaneous transfer occurs.)
Once full, the simultaneous transfer will cease until
the transfer rate of the selected tank again fails to
keep the internal tanks full. For example, with CFTs
and without external wing tanks, but the external
transfer switch in WING/CTR, cyclic CFT transfer
will occur and the cycling will continue until CFTs are
empty. This same type of eyelic transfer will occur if
the opposite is true; external wing tanks installed, no
CFT installed, and external transfer switch in CONF
TANK position. On the ground, since external wing
and centerline tanks are depressurized, and with
CFTs installed, cyclic transfer will maintain the inter-
nal tanks full with the external transfer switch in
WING/CTR position.

Fuel Control Switches

Three fuel control switches, labeled WING (external
wing tanks), CTR (centerline tank), and CONF
TANK are on the fuel control panel. All three
switches have the same three positions identified
below.

NORM Provides normal transfer and
refuel of corresponding tanks.

STOP Stops transfer from corresponding

TRANS tanks, including automatic exter-

nal transfer, unless FUEL LOW
light is on, in which case fuel will
transfer regardless of position of
this switch.

Selecting STOP TRANS will inhibit auto
transfer and could cause the aircraft to
exceed aft CG limits,

STOP
REFUEL

Prevents filling of the tank(s)
selected.



CFT Emergency Transfer Switch

The conformal tank emergency transfer switch,
located on the fuel control panel has positions of
normal (NORM), L, and R. This switch should be in
NORM with or without conformal tanks installed.
| When operating on the emergency generator only,
selecting either L or R will deactivate all aircraft pitot
heaters, and activate the selected (L or R} CFT center
sump transfer pump, Selecting L or R will deactivate
the aircraft pitot heaters even if the CFTs are not
installed,

FUEL FEED SYSTEM

There are two separate fuel feed systems, one for each
engine, During normal operation, fuel temperature is
controlled by fuel recirculation to the internal wing
tanks. The internal wing tanks act as a heat exchanger
to lower the fuel temperature before it again transfers
to the feed tanks. Baffles in the feed tanks provide
limited fuel supply for the left and right main boost
pumps during negative g or inverted flight. During
normal operation, the right main boost pump supplies
fuel to the right engine only, and the left main boost
pump supplies fuel to the left engine only. Below 1000
pounds total feed tank fuel, feed tanks may not feed
simultaneously, The main boost pumps are capable of
providing pressurized fuel flow to the engines at all
power settings throughout the flight envelope. If
either or both main boost pumps fail, or either or both
main generators are inoperative, or both main
transformer-rectifiers fail, the emergency boost pump
is activated and a system of tank interconnect and
crossfeed valves allows the remaining operating
pump(s) to supply all usable fuel in the feed tanks to
both engines. With one main boost pump and the
emergency boost pump operating, pressurized fuel is
supplied to both engines at all non-afterburner power
settings throughout the envelope. With double boost
pump failure {(any two), the remaining pump is cap-
able of supplying fuel to both engines at all non-
afterburner power settings from sea level to 30,000
feet. If both msin boost pumps and the emergency
boost pump are inoperative, fuel is available to the
engines by suction feed only. Under most flight con-
ditions the engine requires pressurized (boosted) fuel
to preclude fuel vaporization. Therefore, loss of both
main pumps and the emergency boost pump may
cause dual engine flameout. During single-engine
operation, the feed tank of the inoperative engine will
not feed to the operative engine until the fuel level of
the good engine feed tank is well below FUEL LOW
light activation.
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L/R BOOST PUMP Cautions

The L and R POOST PUMP cautions are displayed
on the MPD/MPCD if the associated boost output
pressure is low.

EMERGENCY BOOST PUMP ON Caution

The EMER BST ON caution, on both the caution
light panel and the MPD/MPCD, come on any time
the emergency generator is operating and sufficient
emergency boost pump output pressure is available.

BOOST SYSTEM MALFUNCTION Caution

The BST SYS MAL caution on both the caution light
panel and the MPD/MPCD come on any time the
emergency fuel boost pump output is insufficient or
the emergeney fuel boost pump is being powered by
an abnormal source {main generator).

FUEL HOT Caution

The FUEL HOT caution on the caution lights display
comes on when the engine fuel inlet temperature
requirement is exceeded.

TRANSFER PUMP Caution

The XFER pump caution is displayed on the MPD/
MPCD and comes on when a failure of a CFT or a
wing fuel transfer pump occurs. There is no differen-
tiation between left or right transfer pump or between
internal wing tanks and CPFT.

TRANSFER PUMP Voice Warning

Failure of the CFT or wing fuel transfer pump will
activate the transfer voice warning. When a failure is
detected the voice warning states: “WARNING
TRANSFER PUMP”, pauses, then repeats the warn-
ing.

FUEL TANK PRESSURIZATION AND VENT

The pressurization and vent system provides regu-
lated engine bleed air pressure to all internal tanks to
prevent fuel boil-off at altitude and to the external
tanks for fuel transfer. The system also provides
pressure relief of the fuel tanks during c¢limbs, and
vacuumn relief of the fuel tanks, as required, during
descents. The internal and external tanks are pres-
surized when the landing gear handle is UP. Internal
and external tanks are depressurized when the land-
ing gear handle is DOWN.

1-15



TO 1F-15E-1

The pressurization and vent system is self-contained
for each CFT, Each CFT provides regulated ram air
pressure (from a flush inlet on the side of the CFT) to
all three compartments to maintain positive tank
pressures. The system also provides pressure relief of
the CFT through the overboard vents during clirb
and air refueling, and vacuum relief during ground
operation.

FUEL QUANTITY INDICATING SYSTEM

The fuel quantity indication system provides read-
ings, in pounds, of usable internal, CF'T and external
fuel. Refer to figure 1-6. The system components
include the fuel quantity indicator, a built-in test
(BIT), a BINGO caution display, and an independent
FUEL LOW caution light.

Fuel Quantity Indicator

A combination pointer-counter fuel quantity indica-
tor is on the lower right side of the main instrument
panel. Refer to figure 1-6. The pointer indicates total
internal fuel (with readings multiplied by 1000). The
upper counter marked TOTAL LBS indicates total
internal fuel plus CFT and external fuel. The two
lower counters, marked LEFT and RIGHT, and a
selector switch provide individual tank monitoring
and a check of the indicator. An OFF flag will be
displayed if no electrical power is available. Errone-
ous fuel indications resulting from fuel slosh will
oceur during and immediately following maneuvering
flight.

Fuel Quantity Selector Knob

FEED The fuel remaining in the
respective engine feed tanks will
be displayed.

INT WING The fuel remaining in the
respective internal wing tanks
will be displayed.

TANK 1 The fuel remaining in tank 1 will

be displayed in the LEFT
counter (RIGHT will indicate
zero),

EXT WING The fuel remaining in the

respective external wing tanks
will be displayed.
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EXT CTR The fuel remaining in the
external centerline tank will be
displayed in the LEFT counter
(RIGHT will indicate zero).

CONF The fuel remaining in the

TANK respective conformal tank will be
displayed.

BIT A spring-loaded position that will

drive the internal (pointer) and
total (counter) indicators to 6000
pounds, and the LEFT and
RIGHT (counters) to 600 pounds
indicating the fuel quantity
indicator is operating normally.

FUEL LOW Caution

A FUEL LOW eaution, on the MPD/MPCD dizsplay,
warns the aircrew of a low fuel level in one or both
engine feed tanks. The FUEL LOW caution is com-
pletely independent of the fuel quantity indicating
system and is controlled by a sensor in each feed tank,
The sensor in the right feed tank is located at the 960
pound level and the sensor in the left feed tank is
located at the 540 pound level. If either sensor is
exposed (regardless of the combined indicated fuel
quantity) the FUEL LOW caution will come on, The
caution normally comes on at 1500 + 200 pounds total
internal fuel remaining, The FUEL LOW caution
may come on with more than 1500 pounds of fuel
remaining if fuel transfer falls behind engine fuel
consumption because of transfer system failure or
sustained high speed afterburner usage. The FUEL
LOW caution activates automatic transfer of fuel
from the CFT’s and external tanks regardless of
cockpit fuel switch positions. Transfer will stop as
soon as feed tanks refill to the sensor levels and will
reactivate when the fuel level again drops below the
sensors. FUEL LOW activation will not turn on the
tank 1 or CFT transfer pumps if the slipway switch is
in OPEN or ORIDE,

FUEL LOW Voice Warning

The FUEL LOW voice warning is activated in con-
junction with the FUEL LOW caution, When a low
fuel condition exists, the voice warning states:
“WARNING, FUEL LOW", pauses, then repeats the
warning.
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FEED TANK

USABLE FUJEL
JP-4 Jr-8 JP-5
TANK
GALLONS { BOUNDS POUNDS POUNDS POUNDS
AT 6.5 LBfGAL |AT B.3 LB/GAL | AT 5.7 LB/GAL | AT 6.8 18/GA1
TANK 1 804 | 3900 & 150 | 3800 £ 150 | 4,050 & 130 | 4,100 & 150
RIGHT ENG FEED {TANK 2} 234 | 1,500 & 100 | 1,450 & 100 | 1,550 & 100 | 1,500 4 100
LEFT ENG FEED {TANK 3) 180 | 1,250 < 100 | 1,150 = 100 | 1,250 = 100 | 1,200 = 100
498 | 3200 « 250 | 3.1%0 x 250 | 3300 + 250 | 3370 x 250
INTERNAL WING
TANKS | 498 | 3200+ 250 | 3150 4 250 | 3,300 & 250 | 3,370 & 250
INTERNAL FUEL 2,019 |13,100 2 300 [12,700 + 500 [13550 = 500 | 13,750 = 500
LESS CONFORMAL TANKS
L e10 | 5850 2 300 | 3800 % 300 | 4100 & 300 | 4,1% = 300
EXTERNAL WING
TANKS R| @m0 | 3950 + 300 | 3,800 %300 | 4100 & 300 | 4,150 & 300
INT FUEL PLUS
EXT WING TANKS LESS | 3,230 | 21,080 < 850 | 20,400 4 850 | 21,700 &= 850 | 22,000 + 830
CONFORMAL TANKS
EXTERNALE TANK 810 | 3,050 & 300 | 2800 & 300 | 4,100 = 300 | 4150 & 300
INT FUEL PLUS EXT
TANK LESS 2,629 | 17,100 = 780 | 18,550 = 750 | 17,600 = 750 | 17.800 = 750
CONFORMAL TANKS
INT FLIEL BLLS
3 EXT TANKS 3,849 | 25,000 + 950 | 24,250 & 950 | 25,800 x 950 | 28,150 + 930
| LESS CONFORMAL TANKS
L| 728 [ 4,750 + 300 | 4,800 & 300 | 4.800 + 300 | 4,950 x 300
CONFORMAL TANKS
| 728 | 4,750 + 300 | 4800 £ 300 | 4,500 + 300 | 4.950 = 300
INTERMNAL FUEL
PLUS CONFORMAL TANKS| 3+ | 22:800 &= 500 | 21,900 & 900 | 23,300 4 DO | 23,650 & 800
INT FUEL PLUS EXT
WING TANKS AND 4,595 |30,500 3 1050| 29,800 + 1050| 31,450 & 1050] 31,950 & 1050
CONFDRMAL TANKS
INT FUEL PLUS EXT
€ TANK AND 4,085 | 26,550 & 850 | 25,750 + 950 | 27,380 & 980 | 27.800 + 9S50
CONFORMAL TANKS
MAX FUEL LOAD-INT
FUEL PLUS 3 EXT TANKS | 5,308 | 34,500 & 1150| 33,400 =+ 1150] 385,550 + 1150 38,100 = 1150
AND CONFORMAL TANKS
RIGHT ENGINE

Figure 1-6

THE FUEL QUANTITIES, IN FOUNDS, ARE
ROUNDED OFF TO READABLE VALUES

OF COUNTER PORTION OF THE FUEL
QUANTTTY INDICATOR; THEREFORE, THE
ACTUAL GALLONS TIME 6.5, 8.3, 6.7 OR 6.8
WILL NOT NECESSARILY AGREE WITH THE
POUNDS COLUMN.

FUEL WEIGHTS ARE BASED ON JP-5 AT

6.8, JP-B AT 8.7 AND JP-4 AT 6.5 AND 6.3
POUNDS PER GALLON (DIFFERENCES ARE
DUE TO MANUFACTURERS ALLOWABLE
TOLERAKNCES) AND 65 DEGREES FAHRENHETT,

1SE-1-(21-1J44-CATI
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BINGO FUEL Caution

A BINGO fuel caution on the MPD/MPCD comes on
at a preset value, controlled by the aircrew. An
adjustable index (bug) on the face of the indicator
may be set to any internal fuel quantity by turning
the bingo knob. If the bingo index is set above 000
pounds, the BINGO caution will come on when the
BIT check is made. The bingo caution circuit may be
used to automatically terminate fuel dumping.

BINGO FUEL Voice Warning

The bingo fuel voice warning is activated in conjunc-
tion with the bingo fuel caution. When a bingo fuel
condition exists, the voice warning states: “BINGO
FUEL”, pauses, then repeats the warning.

FUEL DUMP SYSTEM

All fuel except engine feed tank fuel may be dumped
by placing the dump switch, on the fuel control panel,
to DUMP. With the landing gear handle DOWN,
external fuel cannot be dumped since it cannot be
transferred to the internal tanks. The fuel dump
switch is spring-loaded to the lever-locked NORM
position and is electrically held in the DUMP position
(with BINGO caution off}. When DUMP is selected, a
motor-operated dump valve in the right internal wing
tank opens. With the dump valve open, the transfer
pumps in tank 1 and each internal wing tank force
fuel out the right wing dump mast. Conformal fuel
tanks and/or external fuel tanks transfer into tank 1
and the wing tanks and is then dumped. Dumping will
continue until STOP TRANS is selected or in the
case of the external tanks, the landing gear handle is
moved to DN, If the tank 1 and internal transfer
pumps fail, external fuel passes through a check valve
and ig dumped. Dumping will continue until:

a. Norm is selected on the dump switch.

b. The BINGO caution comes on, at which time
the dump switch automatically returns to NORM
terminating fuel dumping.

¢. Only feed tank fuel remains. This can occur if
the BINGO bug is set below approximately 2700
pounds.

The approximate fuel dumping rates are: right inter-
nal wing tank 390 PPM, left internal wing tank 260
PFPM, and tenk 1, 260 PPM for a total of 910 PPM.
The uneven dump rates of the internal wing tanks
produce a fuel imbalance (left wing heavy) of approx-
imately 130 pounds per minute up to & maximum of
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approxzimately 1100 pounds of wing fuel asymmetry,
Wing fuel asymmetry will remain until all the fuel in
the internal wing tanks is depleted.

EXTERNAL TANK JETTISON

The external fuel tanks may be jettisoned individu-
ally or simultaneously. See Stores Jettison Systems,
this section.

AIR REFUELING SYSTEM

The air refueling system has a fixed recepiacle, a
slipway control switch, a hydraulically operated slip-
way door, two slipway lights, a receptacle flood-light,
a signal amplifier, a READY light, an air refueling
release button, an air refuel pressure switch, and an
emergency slipway door actuating system. For CG
control, a float switch in tank 1 prevents external tank
refueling until tank 1 fue! quantity is above approxi-
mately 1560 pounds. The CFTs start filling immedi-
ately (regardless of tank 1 fuel quantity) with CG
being maintained by the sequence in which the CFT
compartments are filled. For normal and emergency
air refueling procedures refer to F-15 Flight Crew Air
Refueling Procedures (TO 1-1C-1-25),

Slipway Switch

The three-position slipway switch is located on the
fuel control panel.

CLOSE Closes the slipway door, turns on

tank 1 and CFT transfer pump(s),
reestablishes external fuel tank
pressurization, and fuel sequenc-
ing,
OPEN Shuts off tank 1 transfer pump,
CFT transfer pumps (if operating)
opens the slipway door and, pro-
viding the slipway door has
opened:,

a. Depressurizes the external fuel
tanks if FUEL LOW light not on.

b. Turns on the receptacle lights.

¢. Turns on the READY light
indicating the system is ready for
boom engagement.



ORIDE Accomplishes the same function as
in OPEN above plus the following:

a. Allows boom locking, but the
tanker disengage feature (both
automatic and manual) is lost.

b. The receiver must initiate all
disconnects.

¢. Bypasses tank 1 float switch
and external tanks may be refueled
regardless of fuel quagntity in
tank 1.

NOTE

® With the slipway switch in OPEN or
ORIDE and the slipway door open, the
external tanks are depressurized and
descent rate should not exceed 10,000
feet per minute.

® To prevent an undesirable CG condition
when using ORIDE position, STOP
REFUEL should be selected for the
external tanks and CFT until tank 1 fuel
quantity is above 1560 pounds.

® FUEL LOW caution activation will not
torn on the tank ! or CKFT transfer
pump if the slipway switch is in OPEN
or ORIDE,

Fuel Control Switches

The three fuel control switches, on the fuel control
panel, provide an option of refueling the external/
conformal tanks, If the switches are in NORM, the
external/conformal tanks will fill during refueling. If
any or all switches are in STOP REFUEL, the corre-
sponding external/conformal tank(s} will not fill dur-
ing refueling,

Air Refuel Pressure Switch

The air refuel pressure switch prevents the aireraft
fuel system from becoming over-pressurized during
refueling by unlatching the receptacle from the air
refueling boom if fuel pressure exceeds approximately
80 psi.

Air Refueling Release Button

The auto acquisition button is used as an air refueling
release button. When the button is depressed, the
receptacle unlatches from the boom.
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Emergency Air Refueling Switch

The slipway door can be opened by placing the
emergency air refueling switch to OPEN. Pyrotechnic
devices powered by the emergency essential 28 volt dc
bus open the door which cannot then be closed in
flight. Normal slipway lighting will be available but
the READY light will not go out during refueling nor
will the boom lock in the receptacle. External fuel
tank pressurization can be restored by placing the
slipway door switch to CLOSE.

GROUND REFUELING

All internal, CFT and external fuel tanks are pressure
fueled through a single point receptacle. However, the
external tanks may be fueled through individual filler
points. No external power is required for single point
refueling,

CFT Manual! Precheck Valve

The manual precheck valve, located on the forward
end of the CFT, has two positions.

PRECHECK Prevents ground refueling.

LOCK Allows ground refueling of the
CFT.

If the fuel dump valve(s) were open when
electrical power was removed from the
aircraft, they will remain open until
power is reapplied. Fuel will be dumped
during refueling if the dump valvefs) are
open.

ELECTRICAL POWER SUPPLY
SYSTEM

The electrical power supply system consists of two
main AC generators, three transformer-rectifiers, an
emergency AC/DC generator, and a power distribu-
tion (bus) system. External electrical power can be
applied to the bug system on the ground, and the JFS
generator provides electrical power to part of the bus
system during an engine start without external power.
Refer to foldout section for electrical system simpli-
fied schematic.

1-19



TO 1F-15E-1

AC ELECTRICAL POWER

Two AC generators are the primary source of electri-
cal power. The two generators are connected for split
bus nonsynchronized operation. This means that with
both generators operating each generator supplies
power independently to certain aircraft buses. If one
generator fails, it drops off the line; and at the same
time, power from the remaining generator is provided
to the buses of the failed {or turned off) generator.
Current limiters are provided to prevent a fault in one
generator system from shutting down both genera-
tors. Either generator is capable of supplying power to
the entire system. Each generator is activated auto-
matically when its eontrol switch is in the ON posi-
tion, and the generator is connected to its buses when
voltage and frequency are within prescribed limits
{approximately 56% engine rpm). A protection sys-
tem within the generator control unit protects against
damage due to undervoltage, overvoltage, over and
under frequency, feeder faults, and generator locked
rotor. If a fault or malfunction occurs, the generator
control unit removes the affected generator from its
buses. Except for an under frequency condition, the
control switch of the affected generator must be
cyeled to bring the generator back on the line after
the fault or out-of-tolerance condition clears. If the
generator drops off the line due to under frequency
and the prescribed frequency is restored, the genera-
tor will come back on the line automatically. A
generator may be removed from its buses at any time
by placing the generator control switch to OFF.
Indicator lights, labeled L. GEN and R GEN, are on
both caution light panels. These lights come on when-
ever their respective generator drops off the line with
power available on the essential 115 VAC bus to
illuminate the lights.

Generator Control Switches

Two generator control switches, one for each genera-
tor, are on the engine control panel, They are two-
position toggle switches with positions of OFF and
ON. The switches are lever-lock type and must be
raised up before they are moved to a new position.

DC ELECTRICAL POWER

Three transformer-rectifiers (TR) are provided. The
outputs of the left and right transformer-rectifiers are
connected in parallel; however, protection is provided
so that a short on a bus of one TR will not affect the
other TR. Also, if either the right or the left TR fails,
the other TR will power the entire DC system. A third

1-20

TR is provided, the essential TR, which operates
independently of the other two. No cockpit warning
of single TR failure is provided.

EMERGENCY GENERATOR

A utility hydraulic motor-driven emergency AC/DC
generator is provided. The emergency electrical sys-
tem is separate from the primary electrical system. If
either or both main generators are inoperative or both
the left and right transformer-rectifiers fail, or some
combination of faults oceur, or if either or both main
fuel boost pumps fail, the emergency generator is
activated. If only one generator is inoperative or
either or both main fuel boost pumps fail, the emer-
gency generator powers the emergency/essential
buses only (emergency fuel boost pump, arresting
hook, emergency air refueling door open and AFCS/
CAS). If both generators are inoperative or both right
and left transformer-rectifiers fail, the emergency
generator supplies the essential AC/DC buses, the
emergency/essential buses and the ground power
switch number 1 28 volt de bus. With the aircraft on
the ground and the emergency generator switch in
AUTO during engine start without external electrical
power, the emergency generator automatically shuts
off 30 seconds after first main generator comes on the
line, The purpose of shutting down the emergency
generator is to limit operation on the ground. The 30
second delay is to allow time to check the emergency
generator/emergency boost pump system. For engine
start using external power, the emergency generator
or emergency boost pump will not operate as long as
external power is connected. With the emergency
generator switch in AUTO on the ground, except with
external power connected, both the EMER BST ON
and BST SYS MAL lights come on in situations
(single engine taxi, first engine start, etc.) where a
main generator is off the line, The lights will go out
when the second main generator comes on the line.

Emergency Generator Control Switch

The emergency generator control switch, on the
engine control panel, is a three-position toggle switch
with positions of AUTO, MAN, and ISOLATE. The
switch is electrically held in the ISOLATE position.
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AUTO Provides automatic activation of
the emergency generator if either
or both main generators are inop-
erative, both left and right
transformer-rectifiers  fail, or
either or both main fuel boost
pumps fail. Also provides auto-
matic shutdown of the emergency
generator 30 seconds after the first
magin generator comes on the line
after a ground start without exter-
nal power. For starts with external
power the emergency generator
will not operate as long as external
power is connected.

MAN Provides manual activation of the
emergency generator,

ISOLATE Restricts the emergency generator
to powering the emergency fuel
boost pump, the arresting hook
and provides power from the
emergency/essential 28 volt dc bus
to the emergency air refueling
switch to open the slipway door. It
also provides power to the ground
power switch number 1 28 volt dc
bus for operation of the engine

] monitor display. All power and
intercom are removed from the
rear cockpit. In the event of a
complete electrical failure, an
attempt to restore the emergency
generator may be made by cycling
the switch to ISOLATE and back

i to MAN.

] EMER BST ON/ SYSTEM MALFUNCTION Cautions

The EMER BST ON snd BST SYS MAL cautions
provide indication of the status of both the emergency
fuel boost pump system and the emergency generator
system. A single caution or combination of eautions
indicate the following:
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BST
BeTow  SYS STATUS
MAL

ON OFF Emergency fuel boost
pump pressure normal and
pump powered by emer-
gency generator,

OFF ON Emergency fuel boost
pump failed.

ON ON Emergency fuel beost
pump pressure normal but
powered by abnormal elec-
trical source,

JFS GENERATOR

The JFS generator provides JFS ignition and control,
and, with the JFS§ READY light on, intercom, front
utility light, and AMAD fire warning power. These
items are powered by the JFS generator until JFS
shutdown. If the JFS start switch is used for shut-
down, the AMAD fire warning remains powered for a
short time during JFS rundown.

EXTERNAL ELECTRICAL POWER

External electrical power may be connected to the
aircraft through an external electrical power recepta-
cle near the nose gear wheelwell. The aircraft buses
are energized by external power in the same manner
as if a main generator were operating. The exceptions
to this are those buses which furnish power to systems
which do not have on-off control switches and/or
require cooling air. Power can be applied to these
buses by the use of ground power switches. With
external power on the airplane, if the left engine is
started first, the complete electrical system automat-
ically switches to internal power when the left gener-
ator comes on the line. If the right engine is started
first, the right generator, when it comes on the line,
energizes only the buses it normally feeds. The buses
normally energized by the left generator remain on
external power (except those buses energized by the
JFS generator) until the external power is removed or
the left engine is started and the left generator comes
on the line.
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Figure 1-7

External Power Control Switch

The external power control switch, on the engine
control panel, controls application of external power
to the aircraft electrical buses. An external power
monitor will prevent faulty external power from being
connected to the aircraft system.

Ground Power Switches

Seven ground power switches are provided on the
ground power panel (figure 1-7) on the left conscle.
Each controls a group of systems and/or instruments
and will prevent unnecessary operation of the
systems/instruments on ground power. Switches 2, 3,
and 4 have two positions. The CC (central computer)

NORM Allows the aircraft electrical buses switch, PACS switch, switch 1 and MPDP Al1U 1
to be energized by external power switch have three positions.
if no aircraft generators are oper-
ating. AUTO System/instrument can only be
energized by aircraft generator
RESET Will establish external power if it power,
is not on the line. The RESET
position is spring-loaded to ON System/instrument can be ener-
NORM. gized by external power.
OFF Disconnects external power from OFF CC, PACS or MPDP/AIU 1 are

the aircraft,
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de-energized regardless of power
source.

—



Ground cooling air is required except for
switch 1 (A or AUTO).

NOTE

With the ECS caution on because of a
low avionics cooling air flow condition, all

ground  power  switches  become
inoperative as a means of applying
external power to their applicable

equipment. If any of the switches are set
to the ON position when a low avionics
cooling air condition occurs, the
switch(es) will remain in the ON position
although the power to their equipment
will be shut off.

CIRCUIT BREAKERS

Circuit breskers for the AFCS, pitot heat, speed
brake, flaps, landing gear, and nosewheel steering are
provided on the lower center instrument panel in the
front cockpit. Two circuit breaker panels are in the
rear cockpit below the right and left consoles, All
other circuit breakers are inaccessible to the flight
crew.

HYDRAULIC POWER SUPPLY
SYSTEM

Hydraulic power is supplied by three separate sys-
tems with each system divided into two or more
circuits. Reservoir level sensing (RLS) is employed in
all three systems for the purpose of isolating a leak.
When a leak develops in a circuit a valve senses the
reservoir level and shuts off the affected cireuit.
Through this method the maximum number of cir-
cuits remain operable. Refer to Hydraulic Flow Dia-
gram, section III and the hydraulic systems foldout
for a description of what each system powers,

PC SYSTEMS

Both the PC1 pump and PC2 pump operate at a
pressure of 3000 psi. Each PC system is divided into a
cireuit A and s circuit B.

UTILITY SYSTEM

The utility system has a left pump which operates at
a pressure of 3000 psi and a right pump which
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operates at a pressure of 27756 psi. The utility system
is divided into a circuit A, circuit B, and a non-RLS
circuit.

RESERVOIR LEVEL SENSING

If a leak occurs in any circuit, the reservoir level of
that system (PC1, PC2 or utility) drops and circuit A
is shut off. If the leak ia in circuit B, the reservoir level
continues to drop causing circuit A to be restored and
circuit B is shut off, In the case of the utility system
with a non-RLS circuit leak, circuit A is shut off then
restored as circuit B is shut off; however, if flight is
continued, a complete utility failure will eventually
oceur as indicated by zero pressure on the utility
hydraulic gage.

HYDRAULIC PRESSURE INDICATORS

Three hydraulic pressure gages on the upper right
corner of the instrument panel display PC1, PC2 and
utility hydraulic system pressures.

HYDRAULIC SYSTEMS CAUTION LIGHTS

An amber HYD light on the caution light panel and
the MASTER CAUTION light come on when any
hydraulic systems caution exists. The appropriate
caution display: PC1 A, PC1 B, PC2 A, PC2 B, UTL
A and UTL B will be displayed on the MPD/MPCD
when their respective RLS valve actuates to shut off
that circuit. The L PUMP or R PUMP caution is also
displayed on the MPD/MPCD when the respective
utility hydraulic pump output pressure is low. An
indication of a PC pump failure or low pressure is
displayed on the MPD/MPCD as PC1 A and PC1 B or
PC2 A and PC2 B. Resetting the MASTER CAU-
TION light will not extinguish the HYD light or the
associated caution on the MPD/MPCD.

LANDING GEAR SYSTEM

The gear is electrically controlled and hydraulically
operated. While weight is on the gear, the gear cannot
be retracted. When the main and nose gear are
extended, the forward door(s) will be cloged.

LANDING GEAR CONTROL HANDLE

The landing gear is controlled by a wheel shaped
handle located on the lower left side of the main
instrument panel, and has two positions,

1-23



TO 1F-15€-1

DOWN Extends landing gear.
{DN)
UP Retracts landing gear.

Landing Gear Warning/UNSAFE Lights and
Warning Tone

A red warning light in the front cockpit landing gear
control handle and the rear cockpit UNSAFE light on
the left lower main instrument panel come on when
any landing gear is not locked in the selected position.
A low pitch (250 Hz) warning tone will be activated 10
seconds after the landing gear control handle is
placed down and will remain activated until all gear
are down and locked. The red warning lights will also
illuminate due to an unlocked gear door when the
landing gear control handle is up. These lights are
independent of the three green landing gear position
lights. The lights will illuminate and the warning tone
will sound whenever the following conditions exist
simultaneously: aircraft altitude is below 10,000 feet
MSL, airspeed is below 200 KCAS, rate of descent
greater than 250 fpm and the gear handle is not down.
In addition, the lights will illuminate and a warning
tone will sound when the Air Data Computer (ADC)
becomes inoperative, regardless of altitude, airspeed,
or rate of descent. The warning tone may be silenced
by depressing the warning tone silence button adja-
cent to the landing gear control handle. If the landing
gear is up and locked and then the landing gear
control circuit power fails (e.g., circuit breaker
popped), the warning lights will illuminate; however,
the warning tone will not come on.

Landing Gear Position Lights

There are three green landing gear position lights
marked NOSE, LEFT, and RIGHT located on the
left lower main instrument panel in each cockpit.
Each light will illuminate when its respective gear is
down and locked.

EMERGENCY LANDING GEAR HANDLE

An EMERG LG handle is located on the left main
instrument panel in both cockpits. Emergency gear
extension is accomplished by pulling either the front
or rear cockpit EMERG LG handle full travel and
ensuring the handle is locked in the extend (full
travel) position. This bypasses normal hydraulic and
electrical controls and hydraulically (JFS accumula-
tor) releases the doors and landing gear. The landing
gear then free falls to the down and locked position.
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The landing gear doors will remain open. The emer-
gency landing gear handle in the forward cockpit can
be reset by rotating the handle 45° clockwise and
pushing forward. The handle in the rear cockpit must
be pulled completely out and locked and once pulled
and locked, cannot be reset from the rear seat.

NOSE GEAR STEERING SYSTEM

Nose gear steering (NGS) is a full time mechanically
controlled (front and rear cockpit rudder pedals)
hydraulically powered {UTL A pressure) system that
features dual authority steering ranges consisting of a
normal (15° maximum left or right) range and a
maneuvering (45° left or right) range. The steering
system automatically engages whenever the nose gear
strut is compressed by the weight of the aircraft and
provides normal steering authority range. The
maneuvering range is selected by pressing the NG8
button on the front cockpit control stick. The nose
gear steering system may be disengaged from either
cockpit by pressing and holding the paddle switch on
the control stick. With the system disengaged, the
nose wheel becomes free swiveling and may be
swiveled 360°. When the paddle switch is released,
the system will not re-engage if the nose gear has
rotated more than approximately 56°. However if the
steering is engaged with the nose gear rotated beyond
45°, the nose gear will be immediately driven back to
the 45°position. During taxi, when centering action
reduces the angle below approximately 45°, the nose
gear steering system will re-engage. On takeoff, nose
gear steering is disengaged when the nose gear strut
extends.

Emergency Steering

Emergency power for the nose gear steering is
selected by pulling the front or rear cockpit emer-
gency brake/steering handle located on the lower
center of the main instrument panel. Pulling the
handle selects JFS hydraulic accumulator pressure to
power the nose gear steering. With an emergency
brake/steering handle pulled, both nose gear steering
ranges are available and cannot be disengaged with
the paddle switches. If UTL A is operating, the nose
gear steering may not shift to the JFS hydraulic
accumulator pressure or may only partially shift
which can cause loss of, or reduced steering rate
(sluggish) that may appear as loss of steering. Press-
ing and holding the paddle switch will remove UTL A
from the system and ensure that the nose gear steer-
ing shifts fully to JFS hydraulic accumulator pres-
sure. If UTL A is available the normal steering system
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can be restored by resetting the emergency brake/
steering handle and releasing the paddle switches. If
the JFS LOW caution is on, the emergency steering
system is not reliable for taxi since accumulator
pressure can no longer be monitored.

Emergency Brake/Steering Handle

For location and use of the emergency/brake steering
handle, refer to Emergency Steering and Emergency
Brakes narrative this section.

BRAKE SYSTEM

The main landing gear wheels are equipped with
hydraulically powered brakes operated by toe action
on the rudder pedals. An anti-skid system is incorpo-
rated in the normal brake system to provide maxi-
mum deceleration with controlled wheel skid. An
emergency brake system provides JFS hydraulic
accumulator pressure to power the brake system in
the event of loss of UTL. A which normally powers the
system. Anti-gkid protection is not available on the
emergency brake system. A holding brake relieves the
aircrew from maintaining pressure on the brake ped-
als when the aircraft is stopped for long periods of
time.

Anti-Skid System

The anti-skid system is electronically controlled by a
three-position switch in the front cockpit on the
miscellaneous control panel. An ANTI-SKID caution
and the MASTER CAUTION light will come on
whenever the landing gear is down and a system
failure is detected. A touchdown protection ecircuit
(with anti-skid on) prevents hydraulic pressure from
being applied to the brakes until both main wheels
spin up. The brake pulser provides main tire skid
control in the event anti-skid braking is not available.
Skid control effectiveness deteriorates below 30
knots; therefore, heavy braking below 30 knots may
result in locked wheels. The pulser may also be
selected manually by the anti-skid switch, When the
pulser system is activated, applied brake pressure is
repeatedly interrupted to the wheel brakes. This
provides pulsating braking action which reduces the
probability of tire blow-out from locked wheels. This
also prevents bringing the aircraft to a complete stop
on the brake pulser. After touchdown, the ARI will be
disengaged by the anti-skid wheel spin up signal.
With the anti-skid switch in OFF or PULSER, the
ARI will be disengaged anytime the landing gear
handle is down. When the anti-skid is inoperative and
for some anti-skid detected malfunctions, the ARI
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will remain engaged at wheel spin-up, adversely
affecting crosswind landing characteristics. Placing
the anti-skid switch to OFF or PULSER will ensure
ARI disengagement. The MASTER CAUTION light
and ANTI-S8KID caution do not depend on the posi-
tion of the landing gear circuit breaker in the front
cockpit. However, if the landing gear cireuit breaker is
pulled or popped, the automatic selection of the brake
pulser is disabled and PULSER must be manually
selected in order to obtain pulser and disengage ARI.

NORM The anti-skid is on when the gear
is down. However, illumination of
the ANTI-SKID caution activates
the brake pulser and ARI is disen-
gaged with the gear down.
PULSER Turns off normal anti-skid protec-
tion, turns on the ANTI-SKID
caution and MASTER CAUTION,
and activates the brake pulser.
The ARI is disengaged with the
gear handle down.

OFF Turns off the normal anti-skid and
brake pulser systems. Disengages
ARI with the gear handle down.

Emergency Brake System

Emergency brake system pressure is supplied by the
JFS accumulator and actuated by pulling the emer-
gency brake/steering handle in either cockpit. If UTL
B is operating, the accumulator will be continuously
replenished. If not, sufficient braking should be avail-
able to stop the aircraft. Emergency brakes may feel
more sensitive than normal brakes because anti-gkid
protection is not available. If UTL A pressure is
available, the normal brake system can be restored by
resetting the emergency brake/steering handle.

Holding Brake

The holding brake is electrically controlled by a two-
position toggle switch located in the front cockpit on
the lower main instrument panel. The switch is elec-
trically held in the ON position and automatically
switches off when a throttle is moved above IDLE, the
aircraft iz weight off wheels or electrical power is
removed. The holding brake ‘ON’ signal is used by the
INS to reenter alignment after interrupted alignment
occurs. The helding brake should not be placed to ON
while the aircraft is moving but must be ON during
AFCS BIT,
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ON Holding brake is on, hydraulic sys-
tem pressure (3000 psi) is supplied
to brakes.

OFF Holding brake is off, normal brake

system operation is restored.,

ARRESTING HOOK SYSTEM

A retractable arresting hook is in the underside of the
aft fuselage. It is electrically controlled, extended by
gravity and a hydraulic dashpot, and retracted by
utility hydraulic pressure. It takes a maximum of 2
seconds for the hook to extend and 10 seconds to
retract.

Arresting Hook Switch

The arresting hook control switches are two-position
switches located on the front and rear cockpit left sub
panels,

UP Hook is retracted.

DOWN Hook is extended.

ARRESTING HOOK Caution

Any time the arresting hook is not up and locked the
MASTER CAUTION and HOOK caution come on.

FLAP SYSTEM

Each wing has a two-position trailing edge flap. The
flaps are electrically controlled and hydraulically
operated. When the flaps are down, they are pro-
tected from structural damage by a blow up airspeed
switch, The switch is set to automatically retract the
flaps at 250 knots maximum. The flaps will automat-
ically return to the down position at no less than 230
knots, providing the flap control switch is in the down
position.

Flap Control Switch

The flap control switch is a two position switch
located on the throttle quadrant.

UP Retracts the flaps.
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DOWN
(DN}

Extends the flaps.

Flap Position Lights

The flap position lights are on the left sub panel. The
YELLOW light indicates the flaps are in transit. A
GREEN light indicates the flaps are down.

SPEED BRAKE SYSTEM

A speed brake is located on the upper surface of the
center fuselage just aft of the canopy. It is electrically
controlled and hydraulically operated. The speed
brake can be positioned to any intermediate position
between fully retracted and fully extended with AOA
below approximately 25 units. If AOA is above 25
units, the speed brake will not extend when selected.
If the speed brake is extended, it will automatically
retract when AQA increases through 25 units.

NOTE

If the CC detects a failure in the ACA
system (AOA FAIL displayed on MPCD),
the ground to the speed brake switch is
broken and the speed brake, if extended,
will retract. If the AOA failure occurs
with the speed brake closed, it cannot be
extended.

Following automatic retraction of the speed brake,
when AOA is reduced, the speed brake will automat-
ically extend provided the speed brake switch is in the
OUT position.

Speed Brake Switch

The speed brake switch has three positions and is
located on the inboard throttle. The switch will
remain in any selected position.

CENTER Stops the speed brake in any inter-
mediate position.

AFT Extends the speed brake.

FORWARD  Retracts the speed brake,



The rear cockpit speed brake switch will override any
position selected by the front cockpit. It is spring-
loaded to the hold (centered) position, When the rear
cockpit switch is released to hold, control is returned
to the front cockpit.

FLIGHT CONTROL SYSTEM

The aircraft primary flight control surfaces consist of
conventional ailerons, twin rudders and stabilators
(which are capable of symmetrical or differential
movement), Hydraulic actuators are used to position
the control surfaces. The inputs to the hydraulic
actuators are from a hydromechanical system and an
electrical system called the conirol augmentation
system (CAS). The hydromechanical system and the
CAS normally work together, but either system alone
is capable of providing sufficient aircraft control for
flight. Spring cartridges provide simulated aerody-
namic forces to the control stick and rudder pedals.
The spring cartridges have trim actuators which actu-
ally move the neutral positions and thus the control
surfaces. Refer to foldout section for the flight control
schematic.

Control Stick

The front cockpit control stick consists of a stick grip
and force transducer, and contains seven controls: an
autopilot/nose gear steering disengage switch (paddle
switch), nose gear steering/weapons button, a trigger,
a weapon release butiton, a trim switch, an auto
acquisition button and a castle switch. The rear
cockpit control stick consists of a stick grip and force
transducer and contains four controls: an autopilot/
nose gear steering disengage switch (paddle switch), a
weapon release button, a trim switch and an air
refueling release button. The rear cockpit trigger is
non-functional. Refer to figure 1-8. A detailed
description of switch functions is in Front Cockpit
Controls or Rear Cockpit Controls, this section, or in
the description of individual systems in this manual
and TO 1F-15E-34-1-1.
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Rudder Pedals

The rudder pedals operate conventionally and are
adjustable. The rudder pedals are also used for the
brakes and nose gear steering.

Rudder Pedal Adjust Knob

Pulling the rudder pedal adjust knob located on the
instrument panel releases both rudder pedals. The
pedals are then forced aft by spring pressure or
pushed forward by foot pressure to achieve the
desired adjustment.

NOTE

With the rudder pedal adjust knob
extended, aircraft steering or braking is
not possible.

T/0 Trim Button and Light

The takeoff (T/0) trim button, on the CAS control
panel, when pressed, drives the stick and rudder
pedals to the takeoff position which, in turn, drives
the aileron, rudder and stabilator actustors to the
takeoff pogition. The T/O trim light will then come
on, The departure warning tone will sound after the
T/0 trim button has been pressed and takeoff trim is
within limits, The T/0 trim light will go out and the
tone will cease when the button is released. The stick
takeoff position produces a slight nose up trim posi-
tion which, in turn, drives the pitch trim compensator
(PTC) to the full nose up limit of its authority
(stabilator leading edge down). This provides maxi-
mum nose up stabilator authority for takeoff. The
pitch trim compensator will continue to drive the
stabilator leading edge down after the button is
released.

HYDROMECHANICAL FLIGHT CONTROL SYSTEM
The hydromechanical flight control system uses

mechanical linkages and hydraulic actuators to posi-
tion the flight control surfaces.
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LONGITUDINAL CONTROL

Longitudinal stick motion positions the stabilators
symmetrically to provide pitch control. The ratio of
symmetrical stabilator motion to longitudinal stick
motion (pitch ratio) is automatically adjusted for
altitude and speed. This provides the same pitch
response {constant g} for a given stick deflection
regardless of airspeed. The ratio is high (greatest
stabilator authority) at low speeds, and low at high
speeds at low altitude. If hydraulic pressure ia lost,
the pitch ratio will drive to an intermediate position
and lock. If the mechanical linkage becomes jammed,
mechanical longitudinal control is lost; however, the
CAS can provide enough stabilator control for mod-
erate flight maneuvers and landing.

Longitudinal Trim/Feel System

The longitudinal control system includes a manual
trim and an automatic trim. The manual trim is
controlled by the trim button on the stick. The
manual trim actuator changes the neutral position of
the longitudinal feel spring cartridge to reposition
neutral stick position and thus neutral stabilator
position. When airborne, the flight control system
automatically trims the stabilator without affecting
stick position to compensate for changes in trim
cauged by such things as changing speed, operating
flaps or speed brake, or store separations. On the
ground, the PTC slowly trims the stabilator to either
the extreme forward or aft limit of its authority as the
stick is positioned forward or aft of the neutral stick
position. This stick positioning can take place by
manual stick inputs or by manual trim,

Pitch Ratio Switch

The pitch ratio switch is on the main instrument
panel.

AUTO Provides normal system functions.
EMERG Removes hydraulic pressure from
the hydromechanical pitch control
systern which causes the pitch
ratio and the PTC to drive to a
midrange position and lock.

Mechanical aileron rudder inter-
connect (ARI) is also disabled.
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Pitch Ratio Indicator

The pitch ratio indicator on the main instrument
panel shows the ratio of symmetrical stabilator
motion to longitudinal stick motion. For a given stick
motion, the stabilators move most at a pitch ratio of
1.0 and least at zero. The ratio should be 1.0 at slow
speeds and near zero at Mach 0.9 near sea level.
However pitch ratio will increase to 1.0 as speed
increases to 1.0 Mach. The indicator will show 0.3 to
0.5 if the pitch ratio switch is placed in EMERG or
hydraulic pressure is lost.

PITCH RATIO Caution

The PITCH RATIO caution ¢omes on if hydraulic
pressure is lost to the control stick boost/pitch com-
pensator (CSBPC), the pitch ratio switch is in the
EMERG position, or the pitch ratio versus airspeed is
incorrect below 20,000 feet. However, with the gear
down and airspeed sbove 220 knots the PITCH
RATIO caution may come on until the pitch ratio
drives to above 0.9. This condition is normal and
should be disregarded.

LATERAL CONTROL

Lateral stick motion positions the ailerons, rudders
and stabilators to provide roll control. The ratio of
gileron/differential stabilator deflection to lateral
stick motion (roll ratio) is adjusted automatically for
different airspeeds, longitudinal stick position and
gear position. Aileron and differential stabilator
deflection are washed out to prevent adverse yaw
when longitudinal stick deflection is combined with
lateral stick deflection. At subsonic speeds, the roll
ratio is high; at supersonic speeds the roll ratio is
reduced. Additional roll ratio reductions also occur as
the stick is moved forward or aft. With the landing
gear down, full aileron/differential stabilator is avail-
able at any longitudinal stick position. If UTL A and
PC2A hydraulic pressures are lost or the roll ratio
switch is in EMER, the roll ratio drives to mid-range
and locks. A spin recovery aid provides full lateral
control authority, regardless of longitudinal stick
position, when the yaw rate exceeds 41.5° per second
and remains greater than 30° per second for 5 sec-
onds. The spin recovery aid is discontinued (normal
control authority) when the yaw rate drops below 30°
per second.,

Mechanical ARI

The mechanical ARI adjusts the control system such
that lateral stick motion results in varying rudder
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deflection dependent on longitudinal stick position.
With the control stick aft of neutral, lateral stick
motion causes rudder deflection in the same direction
as stick motion. With the control stick forward of
neutral, lateral stick motion causes rudder deflection
in the opposite direction of the stick motion. With the
flaps down, the point where longitudinal stick posi-
tion causes opposite rudder motion with a lateral
input is shifted forward of neutral. This position shift
causes the amount of rudder deflection for lateral
input to increase with aft stick movement.

The ARI is disengaged at supersonic speeds and on
landing. If the anti-skid system detects a malfunction,
or the landing gear circuit breaker is QUT, the ARI
may remain engaged at wheel spin up, adversely
affecting crosswind landing characteristics. Turning
the anti-skid switch OFF or PULSER will insure ARI
disengagement. If UTL A and PC2A hydraulic pres-
sures are lost or either the pitch or roll ratio switch is
in EMER, the ARI is inoperative. If the mechanical
system is inoperative, the differential stabilators
(through roll CAS) will provide lateral control for
moderate maneuvers including landing.

Lateral Trim/Feel System

The aircraft is trimmed laterally using the trim but-
ton on the stick. The trim actuator changes the
neutral position of the lateral feel spring cartridge to
reposition neutral stick position and thus neutral
aileron/differential stabilator position.

Roli Ratio Switch

The roll ratio switch is on the miscellaneous control
panel.

AUTO Provides normal system functions.

EMERG Removes hydraulic pressure from
the hydromechanical roll control
system which causes the roll ratio
to drive to a midrange and lock.
Mechanical ARI is aiso disabled.

ROLL RATIO Caution

The ROLL RATIO caution comes on if hydraulic
pressure is lost, the roll ratio switch is in EMERG, the
landing gear control handle is DOWN without full roll
authority available, or the landing gear control handle
is UP with full roll authority continuously com-
manded (aileron washout disabled) or if roll authority
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is not commanded to 2/3 of maximum roll authority
above Mach 1.5. The ROLL RATIO caution above
Mach 1.5 may also indicate the mechanical ARI has
not been commanded OFF.

YAW CONTROL

Rudder pedal motion positions the rudders to provide
yaw control. If the rudder linkage jams, safety spring
cartridges allow the rudder pedals to move to permit
nose wheel steering. The rudders are still actuated
through the CAS (CAS alone provides only about half
rudder deflection). If the nose gear steering jams,
similar devices permit rudder operations.

Yaw Trim /Fesl System

The aircraft yaw is trimmed using the rudder trim
switch on the throttle quadrant. The trim actuator
changes the neutral position of the rudder feel spring
cartridges to reposition neutral rudder pedal position
and also neutral rudder position.

Rudder Travel Limiter

The rudder travel limiter system is completely auto-
matic, When aircraft speed reaches approximately
Mach 1.5, rudder pedal movement is mechanically
limited. As the airspeed decreases through Mach 1.5,
the limiter retracts and full rudder pedal movement is
restored.

RUDDER TRAVEL LIMITER Light Caution

The RUDR LMTR caution comes on when the rudder
pedal limiter is not engaged above 1.5 Mach or is
engaged below 1.5 Mach.

ACA TONE

The gear-down AOA tone is a high pitch (1600 Hz)
beeping tone which starts at approximately 30 units
AOQA. The beep rate increases as AOA increases. The
tone may be eliminated by decreasing AQA.

HIGH ANGLE OF ATTACK WARNING

A high angle of attack warning is provided. This
gear-up AQA tone is a medium pitch (900 Hz) tone
which starts at approximately 28 units AOA, depend-
ing on aircraft configuration. The landing gear handle
must be up and the external stores configuration must
be set correctly in the PACS for the AQA warning to
function correctly. The tone (at a 4hz rate) comes on



at 28 units AOA. At 30 units AOA a 10Hz (beep) rate
is heard, and at 33 units AOA a steady tone will be
heard. The AOA must decrease by 1 unit before the
warning level transitions to the next lower state. The
high AOA warnings pertain to all external stores
configurations unless configured with only air-to-air
stores. [n addition, if the aircraft is loaded exclusively
with SUU-20B/A dispensers on stations 2 and/or 8,
the above limits are increased by 5 units AOA and
consequently the warning tones will be triggered at
33, 35 and 38 units AOA respectively.

NOTE

This high angle of attack warning tone
uses the same tones as used by the OWS
aural warnings.

DEPARTURE WARNING

With the landing gear up, a medium pitch (900 Hz)
beeping tone sounds when the yaw rate reaches 30°
per second. As the yaw rate increases the beep rate
increases. The tone reaches a maximum beep rate at
60° per second yaw rate. The tone sounds with the
T/O trim butten depressed and the T/O trim light on,
The T/0O trim beep rate correlates to approximately
45° per second vaw rate.

AUTOMATIC FLIGHT CONTROL
SYSTEM (AFCS)

The AFCS provides roll, pitch, and yaw control
augmentation, autopilot modes in roll and pitch axes,
and terrain following in the pitch axis. Refer to
TO 1F-15E-34-1-1 for terrain following description,

CONTROL AUGMENTATION SYSTEM

Superimposed on the hydromechanical flight control
system is a three-channel, three-axis control augmen-
tation system. The CAS responds to electrical signals
generated by forces applied to the control stick and to
rudder pedal position. These signals modify the con-
trol surface deflections commanded by the hydrome-
chanica) flight control system to provide the desired
flying qualities. The CAS also provides increased
damping on all three axes. Since CAS inputs are
applied directly to the actuator and the inputs are due
1o foree and require no control stick or rudder motion,
with the CAS on, limited aircraft control is retained
with the loss of any or all mechanical linkages. The
three-channel design turns any axis off when a second
like failure occurs. The CAS affects stabilator and

TO 1F-15E-1

rudder position only; the ailerons are not controlled
by the CAS. A moderate yaw transient may occur and
is normal when yaw CAS is disengaged, reengaged, or
the landing gear is lowered.

CAS Caution Display

Three CAS caution displays {CAS YAW, CAS ROLL,
and CAS PITCH), on the MPD/MPCD, come on any
time their respective axis is disengaged by a failure in
the CAS system or the switch iz off. These cautions
also light the master caution and the FLT CONTR
caution on the caution panel. Any time the pitch or
yaw CAS disengages, the roll CAS also disengages. A
moderate yaw transient may occur and is normal
when yaw CAS is disengaged or engaged. If the roll
CAS is functioning normally, it can be re-engaged
following the loss of pitch CAS. Roll CAS cannot be
engaged without an operating yaw CAS, A LAT STK
LMT caution indicates that roll commands must be
limited to 1/2 lateral stick inputs.

NOTE

CAS YAW and LAT STICK LIMIT
cautions may be displayed after a single
engine shutdown. This is normal aircraft
operation and a YAW CAS reset should
be attempted.

CAS Switches
The following three positions are applicable to the

roll, pitch, and yaw CAS switches located on the CAS
control panel.

ON Allows normal operation after
engagement.
RESET Engages disconnected axis {(pro-

vided fault no longer exists). The
gwitch is spring loaded from
RESET to ON.

OFF Disengages applicable axis.

TF Couple Switch

Selecting the TF COUPLE position couples the ter-
rain following system to the autopilot. Selecting OFF
deactivates automatic terrain following. Refer to
TO 1F-15E-34-1-1 for expanded terrain following
operations,
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b auton

he BIT button is located on the CAS panel. Pressing
end holding the BIT button permits initiation of the

=235 BIT when the AFCS pushbutton on the MPD
"+ oressed, the aireraft has weight on wheels and the

- dhe brake is ON. To initiate an AFCS BIT, the
»rxvaior must press and release the pushbutton on
e WiPD/MPCD and verify AFCS IN TEST is dis-
i . ved on the MPD/MPCD. Then release the CON-
e switch to allow BIT to run,

—aPHO0T FUNCTIONS

'opilot in the pitch axis provides attitude
v harometric altitude hold, radar altitude hold
s radar altitude select and in the roll axis provides
aititude hold, heading hold, tacan steering, naviga-
tien sicering or ground track steering, Refer to
Ti) 1F-15E-34-1-1 for terrain following description.

tipfront Control (UFC)

‘T'he UFC is the primary autopilot mode selection and
vngagement controller. The basic autopilot mode is
~iacied and engaged using the UFC but before any
rutopilot mode can be engaged, all three CAS axes,
sech, roll and yaw, must be on.

Jre UFC menus involved in autopilot engagement
and display of system and mode status are menu 1
and the autopilot submenu. See figure 1-9, Menu 1
provides current autopilot status information such as
the engagement mode, and whether it has been cou-
pied with the existing steering mode. The autopilot
submenu provides the means of coupling the current
airerad steer mode and selecting either the baro or
radar altitude hold mode. When the autopilot is
engaged the autopilot status (same as menu 1) is
displayed centered on the top line. If A/P is not
engaged, A/P is displayed centered on this line.

futopilot Preselection

4utopilot modes of operation may be preselected on
the autopilot submenu prior to coupling of the basic
autopilot. Any option with an asterisk (steer mode,
sltitude hold, radar altitude select) will be coupled
when the UFC keyboard A/P button is pressed.

NOTE

Operating modes are remembered from
the previous sortie. Before coupling the
autopilot, review the autopilot submenu
for preselections.

Autopilot Engagement - Basic A/P Mode

The basic autopilot is engaged by pressing the A/P
key on the UFC keyboard. The autopilot automati-
cally engages pitch attitude hold if pitch is within 0
+45° and heading hold if the bank angle is 0 +7°. If
the bank angle is greater than +7° and less than
+80° roll, attitude hold is engaged until the bank
angle is decreased to +7° and then automatically
reverts to heading hoid.

When the autopilot key is pressed, the UFC autopilot
submenu replaces the current display to facilitate
steer mode and/or altitude hold engagement selec-
tiong unless TF is engaged. If automatic terrain
following (ATF) is coupled, only the basic autopilot
mode is engaged. If an autopilot steer mode was
engaged prior to coupling the ATF, the steer mode is
retained. Also, if an autopilot steer mode is prese-
lected using the UFC, but not engaged, only the basic
autopilot will be engaged upon coupling of ATF. If
attitude hold is engaged it appears on menu 1 in the
current autopilot mode display as A/P ATT. If head-
ing hold is engaged it is displayed as A/P HDG.

Autopilot Disengagement

The autopilot modes are disengaged by pressing the
paddle switch on the control stick, deselecting the
mode or engaging a higher priority mode.

Autopilot Coupled With Steer Modes

The autopilot can be coupled with any one of three
steer modes, navigation (NAV), ground track (GT), or
tacan (TCN). Steer modes are selected from the EHSI
display format (figure 1-30). The UFC autopilot sub-
menu, line 2 will show the steer mode currently
selected on the HSI and is used to couple the autopi-
lot to the displayed sieer mode. If ILST or [LSN is
selected on the HSI, the coupling to the steer mode is
inhibited since the autopilot cannot be coupled to fly
an ILS approach, With the autopilot coupled, ILST
and ILSN are removed from the HSI display.
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NOTE

@ If either ILS mode is selected on the
HSI when the autopilot is coupled, the
appropriate steer mode (TCN or NAV)
is automatically selected and displayed
on both the HSI and the UFC autopilot
submenu. For example, if ILSN was
selected, the NAV steer mode is auto-
matically selected on the HSI (boxed)
when autopilot is coupled.

® The TCN steer mode no longer disen-
gages automatically when flying
through the zone of confusion (ZOC). In
the ZOC, TACAN steering will parallel
the desired course. Once out of the ZOC,
TCN steering will intercept and track
the desired course.

Assuming that the basic A/P is already engaged,
coupling of the selected steer mode is done from the
autopilot submenu. Pressing the pushbutton next to
the steer mode legend on the UFC displays an asterisk
symbol next to the steer mode legend, couples the
autopilot to the steer mode displayed, and displays an
A/P symbol on the EHSI format. If NAV steer mode
has been coupled, the autopilot status is displayed on
menu 1 as A/P NAV, indicating that the autopilot is
in the NAV steering mode. The two remaining steer
modes, tacan and ground track, are selected and
coupled with the autopilot in the same manner. In
addition, the TCN steer mode provides two display
formats: PLAN view and course deviation indicator
(CDI). When coupled to a steer mode, an ‘A’ is
displayed on the HUD to the left of the steer mode
(figure 1-9).

Altitude Hold

Altitude hold is selected and engaged from the auto-
pilot submenu where it is displayed as ALT HOLD.
One of two altitude sources is also displayed, either
radar (RDR) or barometric (BARQ). To change the
altitude source, press the pushbutton next to the
displayed source. Assuming the basic autopilot mode
is engaged, the mode itself is selected by pressing the
pushbutton next to ALT HOLD. An asterisk symbol
appears next to ALT HOLD legend when selected.

BARO - With the BARO altitude source displayed on
the autopilot submenu display, press the pushbutton
next to the ALT HOLD legend to select the mode.
ALT HOLD maintains baro altitude at selection,
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When selected an asterisk symbol appears next to the
mode. The mode can be engaged if the vertical
velocity is less than 2000 feet per minute (fpm) and
disengages at 2000 fpm or greater. The current alti-
tude is held but not displayed on the A/P submenv in
baro altitude hold. (Note: with BARO selected, the
radar altitude select line (PB 8) is blanked.)

WARNING

At low airspeeds (a function of gross
weight and pressure altitude} when either
the RDR or BARO altitude hold mode is
being used, pitch authority becomes
saturated and altitude hold will not be
reliable. The system will not
automatically trip off until the aircraft
exceeds 2000 fpm vertical velocity.

Radar - With radar (RDR) selected as the altitude
source, two options are selectable, radar altitude
select and radar altitude hold. The primary difference
between the two is that a specific altitude is selected
via the keyboard for radar altitude select whereas
radar altitude hold maintains the altitude at selec-
tion. Each is described in the following:

a. Radar altitude select. First enter the desired
holding radar altitude using the UFC keyboard. The
selected altitude can be any value between 1000 and
50,000 feet in increments of 10 feet. Once displayed
on the scratchpad and confirmed as the desired
altitude, the selection is transferred to the UFC
display, opposite the AL'T HOLD legend, by pressing
the pushbutton next to the previously selected alti-
tude (PB 8). (Note that any previously selected
altitude value is displayed immediately upon selec-
tion of the RDR altitude source.) Pressing the push-
button next to the altitude digital readout a second
time displays an asterisk to indicate the digital alti-
tude value has been selected. The actual mode is now
selected by pressing the pushbutton next to ALT
HOLD. An asterisk next to it indicates the mode is
selected. The engagement limits are the same as the
disengage limits for radar altitude hold, The aircraft
will fly up or down to the selected altitude and
automatically level off at that altitude. However, if
you are climbing to a radar select altitude and then
deselect that altitude, instead of reverting to altitude
hold, the aircraft continues climbing to previously
selected altitude. When flying up to a selected alti-
tude, the system will try to maintain a 6000 fpm climb
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schedule. Consequently during heavy gross weight
operations, potential stall problems exist.

b. Radar altitude hold. This mode is selected to
maintain the existing aircraft radar altitude. The
engagement limit is defined as a radar altitude of 400
to 50,000 feet. Selection is accomplished by firat
noting that the radar altitude select (PB 8) displayed
has no asterisk, then press the pushbutton next to
ALT HOLD.

NOTE

Radar altitude hold or select will
disengage if roll angle exceeds 556°.

The autopilot status on MENU 1 with altitude hold
or altitude select engaged and NAV steering selected
(on the EHSI) and asterisk (on autopilet submenu) is
displayed as A/P NAV/ALT,

Radar altitude hold or select mode will automatically
disengage if the aircraft vertical velocity exceeds the
following limits:

GEAR UP
Altitude VVI
<17,000 feet 8000 fpm
17,000- Varies linearly between 8000 and
20,000 feet 5600 fpm
=20,000 feet 5600 fpm
GEAR 4000 fpm
DOWN
WARNING

The radar altimeter provides no forward
locking capability. RDR ALT HOLD
mode is not recommended for use over
rolling/rugged terrain below 5000 feet
above aground level (AGL).

Control Stick Steering
Control stick steering (CSS) during autopilot opera-
tion refers to manual control stick inputs in either

pitch or roll without disengaging the autopilot. The
stick force required for pitch CSS is one pound in
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attitude hold and 34 pounds in altitude hold/select.
Stick force for roll CSS varies between 1 to 3 pounds,
dependent on the autopilot mode. In the ground track
steering mods, if CSS is engaged, the bank angle must
be reduced to less than +7° to return to ground track.
If the bank angle is greater than or equal to +7° the
autopilot will enter roll attitude hold until the bank
angle is reduced. If an autopilot mode is disengaged
during CSS the AUTO PLT caution will be displayed
on the MPD/MPCD,

Autopilot Cautlon Displays

Caution displays relating to the autopilot system are
the master caution light, the flight control caution
light and the specific caution displayed on the appro-
priate MPD/MPCD in each cockpit. Cautions are
triggered as a result of crew action or autopilot system
initiation.

There are three ways the autopilot related cautions
can be activated by crew action. First is disengage-
ment of the autopilot using the flight control paddle
switch; second is an unsuccessful autopilot engage-
ment attempt; and thizd is to exceed the CSS forces in
pitch or roll. These three methods are described
below:

a. The flight control stick paddle switch is the
control used to disengage the autopilot from the flight
control system in all non-terrain following operation,
When pressed and disengagement occurs, the MAS-
TER CAUTION, FLT CONTR (flight control) cau-
tion light and MPD/MPCD autopilot (AUTQ PLT)
caution are activated. To extinguish the caution
lights, press the MASTER CAUTION light in the
cockpit to reset the caution system,

b. If the crew attempts to engage an autopilot
mode and the attempt is unsuccessful, the MASTER
CAUTION, FLT CONTR caution light and the
MPD/MPCD autopilot caution are activated. Unsue-
cessful coupling also refers to the unsuccessful selec-
tion of a steer or altitude hold mode causing the same
three caution cues to be activated. In either case all
three visual indications will remain on indefinitely
until reset by the cockpit MASTER CAUTION reset
function.

¢. If the crew is using control stick steering during
autopilot operation and disengages the autopilot by
exceeding the control stick forces in either pitch or
roll, the MASTER CAUTION, FLT CONTR caution
and the MPD/MPCD cautions are activated.



Any autopilot disengagement not initiated by the
crew produces a minimum of three caution indica-
tions, MASTER CAUTION, flight control caution
and the MPD/MPCD AUTO PLT caution. In most
cases, other related cautions will accompany this type
of disengagement and will also be displayed.

The caution and warning system has been mecha-
nized to provide caution indications to the crew of
multiple autopilot related problems. The first autopi-
lot related problem causes the MASTER CAUTION,
flight control caution and the MPD/MPCD AUTO
PLT caution to come on, After MASTER CAUTION
reset, the crew is amlerted to subsequent autopilot
problems by the same system. The autopilot MPD/
MPCD caution message is also repositioned to the top
of the caution list.

CAS FUNCTIONAL FAILURE

CAS functional status is information available to the
crew via the AFCS DETAIL BIT display. The data
provided is intended as supplementary information as
to the current operating mode of the flight control
computer. The data may or may not be associated
with an AFCS caution, but new information displayed
will be accompanied by an AV BIT light. To see the
functional failures displayed, first call up the BIT
menu, second, press the DETAIL pushbutton, then
third, press the AFCS pushbutton on the detailed
BIT display. The definition and associated options
are as listed below:

PCAS First Fail

One of the three channels of the flight control com-
puter has detected a failure of an element (sensor,
servo, switch, ete.) in the pitch axis of its channel
Although pitech CAS is in full normal operation, if a
second channel detects a failure of the same element
the piteh and roll axes will be shut down with a
resulting degradation of pitch and roll handling qual-
ities. Some of the first failures will automatically reset
if the computer later determines normal operation,
however, other failures are latched out until the
PITCH RESET is cycled on the CAS contrel panel.
Autopilot and terrain following remains functional.

CASI Servoloop

The CAS interconnect {CASI) servo provides the
harmonization between pitch CAS and the pitch
mechanical controls. If a second like failure occurs in
this interconnect, pitch and roll CAS will shut down
with associated CAS PITCH and CAS ROLL cau-
tions in addition to the CASI SERVOLOOP status.
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Attempts should first be made to reset roll CAS with
the ROLL RESET switch, then pitch CAS with the
PITCH RESET switch on the CAS control panel. If
pitch CAS is not resettable and CASI SERVOLOOP
status remains displayed, pitch CAS can be regained
by positioning the pitch ratio switch to EMER-
GENCY prior to selecting pitch CAS reset.

NOTE

The combination of pitch CAS
disengaged and pitch ratio switch in
emetrgency degrades handling qualities
and should be accomplished at a safe
altitude, below 300 KCAS level flight
condition. A small tzim change may occur
if pitch CAS is reset and subsequently
disengaged.

RCAS First Fail

One of the three channels of the flight control com-
puter has detected a failure of an element (sensor,
servo, switch, ete) in the roll axis of its channel.
Although roll CAS is in full operation, if a second
channel detects a failure of the same element the rol!
axes will shut down resulting in degraded roll charac-
teristics. Some of the first failures will automatically
reset if the computer later determines normal opera-
tion, however, other failures are latched out until the
ROLL RESET is cycled on the CAS control panel.

ROLL Limit

A first failure has been detected in the AFCS schedule
of roll authority vs airspeed. A second failure of the
AFCS air data sensor will result in incorrect schedul-
ing and an associated LAT STK LMT caution. At
high airspeeds, above 550 KCAS/Mach 1.0, lateral
stick inputs should be limited to one half of full
authority,

AOA Fail

This status is displayed in association with a LAT
STK LMT caution indicating the AFCS cannot deter-
mine the angle of attack. Roll CAS gain is set to zero
which may result in degraded roll characteristics,
Operations above 600 KCAS are permissible with
lateral stick inputs limited to one-half full authority.
Do not exceed one half lateral stick authority.
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NOTE

The functional failures of roll limit and
AQA fail may be set during aircraft
maneuvers that mask AQA or pitot-static
probes. Thizs is normal operation provided
the functional failure and the associated
LAT STK LMT caution automatically
clear when the aircraft returns to a non-
maneuvering flight condition.

YCAS First Fail

One of the three channels of the flight control com-
puter has detected a failure of an element (sensor,
servo, switch, ete.) in the yaw axis of its channel.
Although yaw CAS is in full operation, if a second
channel detects a failure of the same element the roll
and yaw axes will disengage resulting in lateral/
direction stability degradation. Some of the first
failures will automatically reset, however, other fail-
ures will be latched out until the YAW RESET is
evcled on the CAS control panel.

Spin Recovery Failure

The AFCS provides spin recovery aid by disengaging
CAS and selecting full mechanical roll authority if
excessive yaw rate is detected. SPIN RECOVERY
FAILURE in conjunction with a CAS YAW caution
indicates yaw rate cannot be determined by the flight
control computer and the spin recovery aid mode is
inoperative. SPIN RECOVERY FAILURE status
without an associated CAS YAW caution indicates
full mechanical roll authority may be incorrectly
selected. High AOA handling qualities and spin pro-
tection may be degraded. Avoid acrobatic maneuvers.

CAS ARI Off

The flight control system contains two harmonized
ARI's The mechanical ARI is scheduled as a function
of stick position and the CAS ARI is scheduled as a
function of roll rate and AOA, The mechanical ARI
disengages at Mach 1.0 and the CAS ARI disengages
at Mach 1.5. With the loss of the ability to determine
Mach, roll rate, or AOA as a result of failures, the
flight control computer disengages CAS ARI and
displays CAS ARI OFF status. Although mechanical
ARI is not affected by this, some additional aircrew
coordination may be required during maneuvers espe-
cially above 30 units AOA.
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RCP Stick Sensor

If the rear cockpit stick force sensor fails, pitch and/or
roll CAS will disengage setting the CAS PITCH
and/or CAS ROLL cautions with an associated RCP
STICK status. CAS will be resettable, however, the
rear cockpit stick force commands to the flight con-
trol computer will be inoperative. Stick inputs by the
Weapon System Operator (WS0) will result in slug-
gish performance and a reduction of loads (3.5g’s
maximum) capability. Only mild maneuvers should
be attempted by the backseater.

CAS Rudder Pedal

If the rudder pedal position sensor fails, yaw CAS will
disengage setting the CAS YAW caution with an
associated CAS RUDDER PEDAL status. Yaw CAS
will reset, however, the rudder pedal position sensor
will be inoperative. Lateral directional stability will
be normal for coordinated flight, but uncoordinated
commands will tend to be washed sut and should be
avoided.

One Rudder CAS

If a rudder servo fails, the servo is disengaged and the
CAS gain to the other servo is doubled. Yaw CAS will
continue to work normally but total rudder power is
reduced. Rolls must be limited to one half stick. Do
not exceed Mach 1.0.

Non-hydraulic (NON-HYD) BIT

NON-HYD is displayed on the DETAIL BIT page as
a result of AFCS initiated BIT detecting an incom-
patible state of the aircraft hydraulic pressure
switches or the pitch/roll channel assembly (PRCA)
thermal switch, Some BIT tests requiring hydraulics
will have been bypassed and therefore a full system
test has not been accomplished. This status will
remain displayed until a full system BIT can be
initiated. Check the MPD/MPCD for cautions asso-
ciated with the hydraulic systems. If all hydraulic
systems are normel, proceed with the functional
checkout of the flight control system.

BIT Code

A BIT code is displayed as a result of any detected
malfunction within the AFCS or associated flight
control interface (for example BIT CODE 9994A). BIT
codes will cycle through all stored values and contin-
uously repeat this process. In flight, BIT codes not



associated with other functional failure information
will not activate the AV BIT light. However, any
stored code will activate the AV BIT light one minute
after landing. BIT codes are intended as an aid to
maintenance.

NOTE

Initiated BIT will clear all stored BIT
codes. Pressing and holding the EDS
{emergency disconnect switch/paddle
switch) and then pressing and holding
the BIT consent switch also clears the
stored BIT codes. To aid in aircraft
maintenance, the AFCS BIT codes
should be recorded before being cleared.

OVERLOAD WARNING SYSTEM
(OWS)

For the OWS to program properly, the external stores
configuration must be correctly set in the PACS. A
900 Hz tone is heard in the headset to give warning
that the maximum allowable g is being approached.
The tone is first heard at 85% maximum allowable g
or 1 g below the maximum allowable, whichever is
lower, and is intexrupted at a rate of 4 Hz to produce
a beeping sound. At 92% the tone is interrupted at a
rate of 10 Hz, until at 100% the voice warning “OVER
G, OVER G” iz heard. The “OVER G, OVER G”
continues until the % of overload falls below 100%. If
the overload condition is relieved in the middle of an
“OVER G” transmission, the transmisgion will be
completed before the voice warning is discontinued.
Inflight, OWS operation may be verified by display of
both current g and maximum allowable g on the
HUD.

The OWS computes fuel changes at a maximum of 40
pounds per second. Whenever the OWS computed
fuel is greater than the aircraft configuration can hold
(e.g. tank jettison), the OWS will be inoperative until
computations catch up with actual fuel quantity. If
AlU 2 fails no OWS computations can be made.

With AP-1R, the OWS will also be inaccurate during
weapon delivery. OWS computations are not per-
formed until approximately 1-2 seconds after all
selected weapons are expended. Therefore, if heavy
weight weapons are being expended, the OWS may
sense an over-g condition during recovery maneuvers
gince the aircraft gross weight may not yet be
re-calculated.
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With VHSIC software, the OWS recomputation rate
has been improved and the time delay and release of
the pickle button no longer apply.

Component Malfunctions

Failure of systems which supply data to OWS can
cause the OWS to malfunction. Since these systems
are also of prime importance for flight, a failure would
be apparent to the aircrew (for example, CAS drop-
off, ADC BIT, fuel quantity malfunction, current g’s
unreasonable). If the aircrew detects a malfunction in
one of these systems, the OWS should be considersd
inoperative and the flight manual non-OWS G limits
should be observed, even though the HUD G window
may still indicate that the OWS is operating.

Certain failures can result in a continuous “over-G”
voice warning. Logic was therefore incorporated to
shut down the OWS after 30 seconds of accurnulated
voice warning. Thus the aircrew should be aware that
if the voice warning comes on for 30 seconds and then
stops, it is not because the system has corrected itself.
Checking the HUD in this situation will verify OWS
shutdown, and the non-OWS g limits must be
observed. The aircrew can verify that the OWS is
operational by observing the following:

a. Allowable g’s are displayed on the HUD when
airborne and current g’s are of a reasonable value;

b. The ARMT format on MPD/MPCD displays
the actual configuration;

c. The systems supplying information to the OWS
are up ( no ADC BIT failure, reasonable fuel quantity
indications).

MPD/MPCD Display

When the aircraft is g loaded to 85% or more of the
design limit, the overload conditions are stored in the
CC memory and can be recalled as an information
matrix on the MPD/MPCD. The overload conditions
include normal acceleration (ACC) in g’z , the percent
overlond (OVL) and overload severity codes for
selected components,

Figure 1-10 shows a typical OWS matrix. The matrix
is displayed on the MPD/MPCD by selecting OWS
from the menu display. The abbreviations used on the
display are:

a. ACC - Normal acceleration load factor. Thiz is a

two or three digit number with a decimal before the
last digit implied (e.g., 92 is read as 9.2 g).
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b. MIT - Mass items, ie., engines, AMAD, CGB/
JFS, ete.

¢. OVL - Percentage of overload expressed as a
whole percentage. The percent overload is related to
the component severity code as follows:

% OVL SEVERITY CODE
LEVEL
85% - 100% 0
101% - 110% 1
111% - 120% 2
121% - 130% 3
131% - 140% 4
141% and above 5

d. FUS . Fuselage

e. WNG - Wing

f. LTL - Left tail boom

g. RTL - Right tail boom

h. PYL - Pylon

i. CFT - Conformal fuel tanks
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j. CLR - Clear function for weight-on-wheels and
to clear the OWS matriz from CC memory.

k. RCD - Record function for the video tape
recording set (VTRS),

l. MIN/MAX - minimum and maximum g com-
puted by the CC since the last OWS reset occurred.
Minimum g can be a negative value. MIN and MAX g
values are reset to 1.0 g when an OWS reset is done.

The first line of the display shows the worst (highest)
overload condition recorded during the flight. The
second line is the latest overload condition encoun-
tered. Subsequent lines display overload percentages
and severity codes for the listed components. This
information is used to determine the required main-
tenance action. An overload value of exactly 100 will
cause a 0 to be displayed, but a value of 100 plus .01
will cause the percent overload value to increase to
101 and cause a 1 to be displayed. All applicable
inspections are based on severity codes and not per-
cent overload, which is displayed for information
only,

Stored entries are automatically removed from the
CC during INS align if no entry exceeds 100%.
Overloads over 100% latch indicator 72 on the avion-
ics status panel (ASP) and can only be cleared by
selecting CLEAR from the OWS display on the MPD/
MPCD and having maintenance personnel reset the
ASP in the nose wheelwell. The procedure to clear the
matrix is contained in section II,

WARNING /CAUTION /ADVISORY
LIGHTS

The red warning lights provide indications of system
malfunctions that require immediate crew attention.
Except for the gear handle and gear UNSAFE lights,
the warning lights are prominently located at or near
the top of the instrument panel in both cockpits. The
left and right BURN THRU lights are only located in
the front cockpit. The caution lights also provide
indications of system malfunction which require less
than immediate attention. There are two kinds of
caution indications, the amber caution lights located
on the caution lights panel in the front cockpit and on
the warning/caution/advisory lights panel in the rear
cockpit, and cautions which are displayed on the
MPD’s and MPCD’s in both cockpits. Only two
cautions, the EMER BST ON and the BST SYS
MAL, appear as both yellow caution lights and MPD/
MPCD cautions. MPD/MPCD cautions are initially ]
displayed on the right MPD in the front cockpit and



the right MPCD in the rear cockpit. Depending on the
number of cautions displayed, they are presented in
three columns written left to right as they occur. The
most recent caution will appear at the top of the right
column. See figure 1-11. If required, MPD/MPCD
cautions can be moved from one display to another. In
the front cockpit this is done by simultaneously
pressing the MASTER CAUTION light and using the
castle switch on the stick to move the cautions,
moving the castle switch toward the display where the
cautions are desited. To move the cautions in the rear
cockpit, press and hold the master caution and click
the coolie switch on the appropriate hand controller
toward the display where the caution is desired.

NOTE

When cautions are displayed on the left
aft MPCD and the HUD switches to
secondary mode, the cautions will be
moved to the right aft MPCD. When the
HUD is in secondary mode, moving the
cautions to the left aft MPCD is
inhibited. This prevents cautions from
appearing on the WFOV HUD during
secondary mode.

CAUTION LIGHTS

There are three yellow caution lights on the caution
lights panel in the front cockpit and warning/caution/
advisory lights panel in the rear cockpit which are
classified as major category caution lights. These
lights, ENGINE, FLT CONTR and HYD, provide a
prompt that MPD/MPCD cautions from that partic-
ular category are being displayed. The MASTER
CAUTION light comes on with any of the major
category caution lights. The corresponding MPD/
MPCD caution will remain on until the problem is
corrected. The systems associated with each major
category light caution are as follows:
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ENGINE

ATDP

FUEL HOT INLET IC&

L BST PUMP R BST PUMP
L INLET R INLEY

L BLEED AIR R BLEED Ai:=
L ENG CONTR R ENG CQMN''#
L OIL PRESS R OIL PRESS
FLT CONT

AUTO PLT CAS PITCH
RUDR LMTR PITCH RA “ 7
CAS YAW ROLL RATO
CAS ROLL LAT STK Lpa'm
HYD

L PUMP R PUMFP

PC1A PC1B

UTL A UTL B

PC2A PC2B

With double generator failure and the einerger -
generator operating, cautions will be displayed .
on the MPCD in the front cockpit. These cavticiv .
be removed by moving the front stick castle switch -
any position. A second activation of the casiie sw'=
restores the cautions to the display. With a CC 59+
only, cautions are always displayed on any CR'7 1.
has the radar display format.

ADVISORY LIGHTS

The advisory lights, which are either green or whits,
indicate safe and normal conditions and impart infor-
mation for routine purposes. Individua! advisory
lights are located throughout the cockpit and aie
described with their applicable equipment. A list of
warning/caution/advisory lights, with causes of thoir
coming on and corrective action to be taken 1
described in section III

MASTER CAUTION LIGHTS

The MASTER CAUTION lights, on the upper instru-
ment panel in both cockpits, come on simultaneousiy
when any MPD/MPCD caution comes on. They ulso
come on with all yellow caution lights excepi ti
followingg: PROGRAM, MINIMUM, CHA

FLARE, LOCK/SHOOT, AV BIT, LASER ARMiZ:,
EMIS LMT and UNARMED/NO ATF. The kMAk-
TER CAUTION lights go cut when the front coclipit
MASTER CAUTION is pressed but, except fov tha
AUTO PLT caution, the caution remains our uniil i
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malfunction is corrected. Although the MASTER
CAUTION lights do not come on with the AV BIT
caution, pressing either cockpit MASTER CAUTION
light turns off the AV BIT. While it can be used to
move MPD/MPCD cautions from one display to
another as described above, the rear cockpit MAS-
TER CAUTION cannot be used to turn off the
MASTER CAUTION lights and re-set the master
caution lights circuit.

AUDIO WARNING SYSTEM

The audio warning system is made up of both audio
tones and voice warnings. The weapons lockon tone,
TEWS caution and launch tones, ILS audio, and
TACAN audio are volume controlled by the RICP for
the cockpit and the ICSCP for the rear cockpit. The
IFF mode 4 tone is generated by the IFF transponder
in response to a valid mode 4 interrogation. The QWS
tone is generated by the Multipurpose Display Pro-
cessor (MPDP) when the aircraft approaches design
limit structural overload. When overload is exceeded,
the tone is replaced with a voice warning. The unsafe
landing warning tone is generated as a
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function of landing gear position, aircraft altitude,
airspeed and rate-of-descent. The AQA stall warning
tone is generated when the angle of attack exceeds
28.4 units.

The AFCS enables the departure warning tone when
the yaw rate exceeds 30°/second. The beep rate of the
tone increases as the yaw rate increases, and the
maximum beep rate is reached at a yaw rate of
60°/second. The LANTIRN system produces a
‘BINK-BINK’ tone to advise the aircrew that auto-
matic terrain following has been selected but is not
controlling the aircraft (NO ATF condition) or that
the terrain following system is unarmed (no AUTQ
FLYUP protection provided).

The voice warning system volume cannot be adjusted.
The silence button on the ICSCP/RICP is used to
silence any voice or tone warning for up to one
minute.

The voice warning system activates the following
warnings if conditions exist which cause the associ-
ated warning lights to come on:

® AB BURN THRU LEFT

@® AB BURN THRU RIGHT
BINGO FUEL
LOW ALTITUDE
OBSTACLE AHEAD
OVER-G
TF FAILED
WARNING, AMAD FIRE
WARNING, FUEL LOW
WARNING, ENGINE FIRE LEFT
WARNING, ENGINE FIRE RIGHT
WARNING, OVERTEMP LEFT

WARNING, OVERTEMP RIGHT
® WARNING, TRANSFER PUMP

Voice warnings for OBSTACLE AHEAD and TF
FAILED continue until the condition causing the
voice warning systern to activate is corrected. Voice



warning for OVER-G continues for a maximum of 30
seconds or until the condition causing the warning is
corrected. All other voice warnings repeat twice and
do not repeat again unless the condition causing the
warning is corrected and subsequently recurs.

Voice warning for the AMAD fire detection system
and the FTIT indicators become effective with appli-
cation of external power, or with JFS operation dur-
ing first engine start, Voice warning for the engine fire
detection system and fuel low level detection system
becomes effective with application of external power,
or with the emergency generator coming on the line
during engine atart.

BUILT-IN TEST (BIT) SYSTEM

The BIT system provides the crewmembers with
displays of avionic system status. Most information is
derived from BIT mechanizations in the avionics sets
and from non-avionic BIT’s implemented in com-
puter software for other aireraft systems.

Three test methods are used; continucus, periodic
and initiated. The continuous method constantly
monitors particular signals for presence, value or
logic. The periodic method automatically intersperses
test signals and replies amongst operating signals in
such a manner that they do not interfere with normal
equipment operation. The initiated method must be
initiated by the crewmember and causes an interrup-
tion of normal operation of the designated system for
the duration of the test.

Equipment Status Displays

Equipment status displays (BIT, caution, and advi-
sory) provide the aircrew with continuous status of
the avionics equipment. The AV BIT caution lights
are a cue to check equipment BIT status,

Failure to pass any BIT test causes the appropriate
equipment indicator(s) on the ASP in the nose wheel-
well to latch, the front and rear cockpit AV BIT
caution lights to come on, and if appropriate a system
caution is displayed. Pressing the MASTER CAU-
TION light in either cockpit turns off the AV BIT
caution lights. BIT failures will be displayed by
pressing the BIT button on the MENU display.

BIT DISPLAY
A MENU selectable BIT display (figure 1-12) con-

tains the status of all BIT tested systems and is
selected by pressing PB 20 (BIT) on the main menu.
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The systems which may be BIT tested are displayed
around the outer edge of the BIT display. To select a
particular system for BIT, press the PB next to the
desired system or combination of systems, The center
of the BIT display is divided into two “windows”. The
upper “in-test” window displays the systems in which
an initiated BIT is heing performed. The lower
“equipment failure” window displays the system(s)
that are turned off, not installed or have failed BIT.

initiated BIT

In addition to displaying the system BIT status the
BIT display is used to command an initiated BIT.
Those systems identified by the options on the dis-
play periphery have initiated BIT capability (figure
1-12). The basic BIT format is altered slightly
depending on whether the aircraft is on the ground or
airborne. AFCS, DSPL, ADC, EXCS and INS are
displayed only when on the ground. AIU, RALT and
LANT are removed when in armed TF. The BIT is
initiated from either cockpit by pressing the button
adjacent to the desired option. When a BIT is initi-
ated the other options are removed and the STOP
option is displayed. Pressing STOP button will ter-
minate the BIT in process. If STOP is pressed while
an LRU is performing BIT and the LRU remains
locked in BIT for 5 seconds or longer, ESCAPE will
replace the STOP legend. If ESCAPE is pressed, the
BIT routines in the CC are reset so BIT can proceed
on other systems. ESCAPE should only be used as a
last resort to abort the initiated BIT after STOP has
failed. System lockup may occur when ESCAPE is
pressed.

BIT may be initiated one at a time or in certain
combinations. In the case of AFCS and PACS, addi-
tional switchology is required. Selection of AUTO
BIT, causes a simultaneous BIT of a majority of the
avionic equipment. Refer to AUTO BIT.

AUTO BIT

If the AUTO button is pressed, BIT are initiated in
time sequence for systems turned on. Prerequisites
for ground AUTO BIT are: the PACS, HUD, and
other peripherals must be turned on and the radar
timed in (if included). The sequence is initiated by
pressing the pushbutton adjacent to AUTO and will
take 3.5 to 4 minutes to run if radar is included or 1
minute if radar is OFF. The systems are displayed in
the *“in-test” window as they perform BIT and are
removed when complete. The minimum time any
equipment will be displayed is 2 seconds. If a failure
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is detected, the system is removed from the “in-test”
window and is displayed in the “failure” window.
When an LRU with an asterisk is displayed as no-go,
DETAIL information may be available. If STOP is
selected, all systems tests will be terminated, except
the radar, ICSCP, and radar altimeter, which will
continue to run. The following systems are tested
during AUTO BIT;

AAI IBS

ADC ICS

ADF IFF

ATM M/4

AU 1A MPDP
AIU 1B RALT
AIU 2 RDR
CMD RMR
COMM RWR
EMD TCN
EWW FWD UFC
EXCS AFT UFC

EXCS, ADC and MPDP are not tested during AUTO
BIT when airborne, The radar altimeter is not tested
during AUTO BIT when airborne if the TF radar is
turned on (armed TF/Fly-up).

NOTE

With -229 engines, the MASTER
CAUTION light, ENGINE category light
and ATDP caution come on momentarily
during AUTO BIT.

FUNCTIONAL/SRU FAILURES

Functional status information is provided on the
DETAIL BIT display for the AFCS, target pod,
navigation FLIR and terrain following radar. This
information is supplementary and may trigger the
MASTER CAUTION light. When AFCS, TGT FLIR,
NAV FLIR or TF RDR are displayed on any BIT
format, check the DETAIL page for functional failure
information. Refer to section III for the meaning of
AFCS functional failures. Refer to TO 1F-15E-34-1-1
for functional failure meanings for the LANTIRN
system,

In addition, shop replaceable unit (SRU) failure data
is also available using the DETAIL BIT display, for
the following systems/units:

a. MPDP
b. All MPCDs/MPDs
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c¢. HUD

d. Engine monitor display
e. A[U 1 and 2

f. Inertial navigational unit
g. Remote map reader

AFCS PREFLIGHT INITIATED BIT

For the AFCS, the BIT button on the CAS panel in
the front cockpit must be pressed and held when BIT
is initiated from the BIT display. This prevents
inadvertent initiation of BIT on the AFCS for reasons
of flight safety. AFCS BIT is terminated by pressing
the paddle switch on the control stick or the STOP
button on the BIT display. If AFCS BIT is inter-
rupted, the message INCOMPLETE is displayed in
the lower display window. Reinitiate AFCS BIT to
clear the INCOMPLETE legend. Running a success-
ful AFCS BIT will clear the INCOMPLETE. If the
INS is powered, holding brake must be ON to perform
AFCS initiated BIT.

CENTRAL COMPUTER (CC)

AP-1R CC

The AP-IR CC is a 256K high speed, stored program,
general purpose digital computer that performs mis-
gion oriented computation from data received from
contro] panels and subsystems aboard the aircraft.
The computations include A/A and A/G steering and
weapon delivery, navigation, flight director, and con-
trol and display management. Functions of the CC in
the various master modes are shown below,

MASTER
MODE

CC FUNCTION

A/A Controls weapon system by selecting
radar modes and display format for
selected weapon. Provides computa-
tion of gunnery lead angles, missile in
range conditions, missile launch
parameters, allowable steering errors
and other parameters for A/A weapon
delivery,

A/G Computes steering commands and
positions attack symbology. Provides
automatic release with weapon
release switch pressed,

NAV Computes navigational steering data
and controls display information to
the indicators.
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MASTER
MODE CC FUNCTION
INST Commands specific displays on each

display unit to provide basic flight
instrument displays. Computes and
controls display information for
instrument landings.

The CC computations are controlled by the opera-
tional flight program stored in the CC memory. Fail-
ure detection of the peripheral systems and CC inter-
nal operation is done by continual monitoring. Back
up system substitution is also accomplished in the
central computer, If the computer detects a power
loss or failure there is a drastic change in the display
formats. In the front cockpit, the left MPD displays
the radar A/A format (with A/G format selectable),
the MPCD displays ADI, the right MPD displays
TEWS, and the HUD shows a backup format. In the
rear cockpit, the left MPCD displays ADI, the left
MPD has a radar display, the right MPD displays
TEWS, and the right MPCD displays TSD.

VERY HIGH SPEED INTEGRATED CIRCUIT (VHSIC)
cc

The VHSIC CC has the same form, fit and function of
the AP-1R CC. The VHSIC CC has 1.5 M words of
bulk memory and the VHSIC circuits provide faster
processing speed. Batteries in the VHSIC CC enable
it to retain variable data (such as time of day, navi-
gation data, and LANTIRN pod boresight values).

There are numercus display and operating proce-
dures which differ between the two CCs. These dif-
ferences are annotated by (VHSIC) or (AP-1R) in the
affected text and illustrations.

CENTRAL COMPUTER INTERFACE

The central computer is interfaced with the radar,
Programmable Armament Control System (PACS),
AFCS, Air Data Computer (ADC), Attitude Heading
Reference System (AHRS), Multipurpose Display
System, Head Up Display (HUD), Signal Data
Recorder (SDR), Radar Warning Receiver (RWR),
Inertial Navigation Unit (INU), the Engine Diagnos-
tic Unit (EDU), and the ASP, A CC reset is performed
by pressing the CC reset button on the front cockpit
sensor control panel. The CC reset should be initiated
only if a CC problem is suspected.
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MISSION NAVIGATOR (MN)

NOTE

If the CC is replaced, an INS precision
veloeity update (PVU) is required to
correct for pointing errors. Refer to
section II for update procedures.

The CC maintains a MN routine separate from the
INS. The MN integrates PVU corrected velocities for
use in weapon delivery modes. It also provides rela-
tive target ranges in platform coordinates and allows
position updates independent of the INS,

MULTIPLEX (MUX) BUS

Coded messages are transmitted between the CC and
remote terminals in both directions on the multiplex
bus. The coded messages are in serial digital format.
The CC (or MPDP in backup mode) establishes
communications on the avionics 1553 mux bus by
scheduling all messages. Messages are blocks of data
that contain the total information to be transferred.
The blocks of data in a message are called words,
There are three types of words : command, status and
data. The CC {or MPDP in backup mode) gives
commands, inspects status and receives/sends data.

AVICNICS INTERFACE UNITS (AlIU)

The avionics interface unit set consists of two avionics
interface units, AIU no. 1 and AIU no. 2, The AIU set
controls, processes, and routes interfacing signals
between multiple aircraft systems. Figure 1-13 lists
the units and data that are lost if an AIU fails,

The AIU set communicates with the CC by way of the
avionics 1553 mux bus, During backup mode, when
the CC has failed, the AIU set will communicate with
the MPDP, Data which is transferred between the
AJU set and the CC is listed below:

a. BIT data - aircraft systems and AIU set

b. Up-front display and control data

c. Aircraft systems discretes, mode, control, and
status data

d. Cautions, warnings, and advisories

e. UHF and IFF initialization

f. Memory inspect data



e

TO 1F-15&-1

UNITS/DATA LOST WITH Al FAILURE

Failed AIU Item Degraded Effect

ATUL(A) UHF no. 1 radio Limited operation. (May be able to trans-
mit on selected frequency under certain
conditions)

AIUL(A) All MPD/MPCD displayed cautions (ex- | No longer displayed

cept LOW ALT and LASER)

AIU1(A) TACAN No operation

ATUL(A) IFF/RICP (IFF functions) No operation

AIUL(A) ADF No operation

AIU1(A) UHF?2 Cipher No operation

AIUL(A) KY-58 No operation

AIUL(A) EWWS Limited operation (BIT function lost)

AIU1(A) PACS (missile caged and missile reject) No operation

AIUL(B) Left hand controller Limited operation (All swiich functions
lost except for CMD dispenser switch)

AIGH(B) Fuel flow on MPD/MPCD No operation { Erroneous fuel flow data
displayed)

AIU1(B) ILs No operation

AIUL(A) & (B)

AIU1(A) & (B)

Avionics BIT and ASP

Asymmetric thrust departure function

No operation

No operation

AIU2

AlU2
AlU2
AIU2
AIU2

AIU2

UHF 2 radio

Right hand controller
AAT

KIR

HF COMM (Not used)

FWD/ REAR sensor control panel

Limited operation. (May be able to trans-
mit on selected frequency under certain
conditions)

No operation

No operation

No operation

No operation

No operation (System control lost)

Figure 1-13 (Sheet 1 of 2)
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Figure 1-13

UNITS/DATA LOST WITH Al FAILURE (Continued)

AIU1(A) and AIU2

AIU1(A) and AIU2

AIU1(A) and AIU2

ATU1(A) and AIU2

AIU1(A) and AIU2

AIU1(A) or AIU2

AIU1(A} and AIU2

Emission limit

EMD (BIT data AIU1(A), BIT discretes -
AlIUJ2, serial data)

ICSCP

Control stick grip

UFC panel (both)

TF function (Requires CARA data from
bhoth ATU1(A) and AIU?)

LOW ALT warning

Failed AIU Itemn Degraded Effect
AIU2 LANTIRN (NAYV and Targeting) No operation
AlU2 OWS No operation
AIU1(A) and AIUZ | Radar altimeter (CARA) No operation (Erronecus data display)

No operation

No operation

Limited operation (No COMM transmit
capability)

Limited operation (All switch functions
lost except weapon release and trigger)

No operation

No operation

No operation

AIUL(B) and AIU2

AIU1(B) and AIU2

AIU1(B} and AIU2

ATUI(B) and AIU2

FWD throttle

FWD sensor control panel
Master modes

LASER ARMED warning

Limited operation (All switch functions
lost)

No operation (System control lost)
No operation

No operation
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DATA TRANSFER MODULE SET
(DTMS)

The DTMS consists of the main instrument panel
Data Transfer Module Receptacle (DTMR) and the
Data Transfer Module (DTM). Mission data is
loaded, by the aircrew or operations personnel, on the
ground and stored in the module. The module is
carried to the aircraft, inserted into the DTM recep-
tacle to initialize mission data,

The DTM READ function transfers mission data for
sequence points, tacan stations, list points, HUD
titler, crew station display programming, radar dis-
play programming, communications, IFF modes and
codes, PACS A/G programs (combat or training
modes), weapon delivery and PACS weapon loaded
data (combat or training modes). With VHSIC, HUD
programmed declutter is also provided.

The DTM WRITE function receives mission data
from the CC by way of the MPDP for HUD titler, A/A
or A/G engagement, NAV (mark point), INS
(alignment/terminal errors), OWS (warning data and
peak matrix), caution advisories, engine monitor, avi-
onics BIT monitor (radar and other avionics, contin-
uous and initiated), terrain following data and AFCS
data.

TO 1F-15E-1

NOTE

After engine start, the aircrew should
clear the CC buffer using the DTM
display format so that the event data for
the current flight can be stored. After
landing, do not clear the CC buffer prior
to executing the DTM WRITE function.
If the buffer is cleared, all current event
data will be lost.

FRONT COCKPIT CONTROLS

The various front cockpit control stick grip and
throttle controls used for aircraft control and system
operation are shown in figures 1-14 and 1-15.

REAR COCKPIT CONTROLS

The various rear cockpit control stick grip and throt-
tle controls used for aircraft control and system
operation are shown in figures 1-16 and 1-17.

HAND CONTROLLERS

The left and right hand eontrollers (figure 1-18)
located on the forward inboard section of the left and
right rear cockpit consoles, are used to provide
sensor/display control,
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CONTROL STICK

(FRONT COCKPIT)

{FWD) & FLR DOWN {FORWARD) & NOSE
DOWN
U ecm|loFr ®
RS ® oL——F0
{PRESS) | TAKE RIGHT LEFT RIGHT
MPD COMD  MPD TRIM TRIM
FLR LEFT FUR RIGHT
(AT} ¥ FLRUP (WFT) ¥ NosE
@ WPCD ® up
CASTLE SWITCH TRIM SWITCH
TRIGGER NG (AFT)
5 N ) NOSE DOWN (PRESS) NOSE UP
®» ® CMD MAN 1
PROGRAM

OFF  {1ST DETENT) [ZND DETENTYAFT)
VIR GUNFRE AND VTR

WEAPON RELEASE BUTTON

NOSE GEAR OFFI
STEERING/WEAPONS BUTTON
STEERING ® oown¥ ()
fz (aFT)
ACTIVATES AUTO ACQUISITION SWITCH
MANEUVERING AIR REFUELING RELEASE
MGDE SENSORS
REFUELING
OFF O 4 » (W
(FORWARD) A
(DOWN]
AIR REFUELING
RECEPTACLE
RELEASE
AUTO PILOT/STEERING DISENGAGE
(PADDLE SWITCH)
onrl {AF[]® {DOWN)
DISENGAGES NOSE GEAR STEERING (GROUND)
DISENGAGES AUTOPILOT (AIR)

CONTROL. STICK OVERRIDE DURING TERRAIN FOLLOWING
DISENGAGES AFCS INITIATED BIT

LEGEND
{(M)MOMENTARY-MUST BE HELD FOR CONTACT

~1-{4-1)08-CA
Figure 1.14 (Sheet 1 of 4) 1861 {41 n
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CONTROL STICK (Continued)
(FRONT COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
WEAPON | WEAPON SYSTEM & PRESSED
RELEASE | VTRS
BUTTON WEAPQON CONSENT/
RELEASE WITHAUTOMATIC VTRS RECORDING
CASTLE DISPLAY SCROLL FWD AFT LEFT RIGHT PRESS
MPCD LEFT RIGHT
MPD MPD
DISPLAY TAKE COM- | HUD MPCD LEFT RIGHT TAKE
MAND (PRESS AND MPD MPD COM-
RELEASE FIRST) MAND
ENABLE
NAV FLIR (THROT- SNAP SNAP SNAP SNAP
TLE COOLIE DOWN LOOK LOOK UP | LOOK LOOK
SIMULTANEOUSLY DOWN LEFT RIGHT
CAUTION CONTROL MPCD LEFT RIGHT
{(MASTER CAUTION MPD MFD
LIGHT PRESSED SI-
MULTANEOUSLY
TRIM FLIGHT CONTROL/ NOSE NOSE UP | LEFT RIGHT CMD
CMD DOWN WING WING MANUAL
DOWN DOWN 1 PRO-
GRAM
GUN GUN/VTRS FIRST SECOND RELEASE
TRIGGER DBETENT | DETENT
VTRS FIRE GUN | STOP GUN/ VTRS
RUN

Figure 1-14 (Sheet 2)
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CONTROL STICK (Continued)
(FRONT COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
FOR-
WARD AFT DOWN | RELEASE
RETURN
FOV TRACK/
TARGETING POD CHANGE TO UNTRACK
CUE
HRM LARGER
SMALLER | WINDOW MODE
WINDOW REJECT
LARGER
RBM WINDOW
A/A RADAR REFER TO TO1F-15E-34-1-1
AUTO
ACQUISITION SMALLER | LARGER
SWITCH TSD CUE CUE RE%gRN
FOOT- FOOT- B EMAP
PRINT PRINT -P.
AIR
REFUEL-
ING
AIR REFUELING PROBE
DISEN-
GAGE
A/G GUIDED
EADON REFER TO TO1F-15E-34-1-1
AUTQ/
A/G HUD i
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CONTROL STICK (Continued)
(FRONT COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
PRESS AND RELEASE | PRESS AND HOLD
WEIGHT ON MAI;%gEEGl‘EngE
NOSEWHEEL WHEELS CTERRIG
STEERING
BUTTON A/A WEAPONS REFER TO TO1F-15E-34-1-1
A/G GUIDED
o REFER TO TO1F-15E-34-1.1
PRESS AND RELEASE PRESS AND HOLD
REVERT TO MANUAL
AUTO TF E{f,fgfﬁfg,‘;‘ TF, INTERRUPT AP
STEER MODES
PADDLE SWITCH | ARMED MANUAL
TF/UNARMED RESET FLYUP g‘[é%%%igg
MANUAL TF
WEIGHT ON DISENGAGE NOSE
e TERMINATES AFCS BIT N
AUTOPILOT DISENGAGES AUTOPILOT

PATTERN STEERING LINE ENABLE/DISABLE WHEN CURSOR FUNCTION IS

TARGET

Figure 1-14 (Sheet 4)
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THROTTLE QUADRANT

MICROPHONE SWITCH
® ©® @ (FRONT)
TARGET
— o o RIGHT
DESIGNATOR
TRANSMIT  RECEIVE  TRANSMIT SWITCH SEEVIEW A
UHF 2 UHF 1 {COOLIE)
AND 4 AND 3

SPEED BRAKE SWITCH

[/ D
_:© @ ©# 0.‘/" ‘(‘1{" J'IIIf (“"’”

(AFT) (CTR) (Fwn}

EXTEND HOLD RETRACT
UNDESIGNATE/
MISSILE REJECT SWITCH
(BOAT SWITCH)

(Aﬂ] (CTR) {FWD}
UNDESIGNATE  OFF MISSUE
REJECT
WEAPON/
MODE SWITCH
(AFH (CW} (FWD)
GUN STEERING  SRM MRM
AND AJA MODE
COMMAND

RUDDER TRIM SWITCH

ANTENNA
ELEVATION CONTROL
ANTENNA LB

ANTENNA DOWN

LEFT
MULTI - FUNCTION
SWITCH

LASER FIRE/STOP FIRING

CMD DISPENSER SWITCH (PINKY)

@ 4§ (LF) MANUAL?2
DISPENSE

(3 ¢ cm o

MANUAL 1
@ A DISPENSE

FLAP SWITCH
(NOT IN VIEW)

1@

() (Fw
EXTEND

QuICK STEP/
(vF) C::) SEQUENCE POINT

=

@ @ ® ioRens INBDARD DUTBOARD
R c INCREASE
m(czn Eimm}.n {U {RIGHT) (LEFT)
TRIM TRIM @ - — @
RO S @ EWWS/NCTR IFF INTERROGATE
SO0 + M ACTVATE MISSILE BORESIGHT/
Y' GUNSIGHT STIFFEN
Y LOOK-INTO-TURK
- oN @ OR SNAP LOOK ENABLE
'-‘ {VIEW LOOXING AFT)
LEGEND

VIEW A @ @

Figure 1-15 (Sheet 1 of 4)
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TO 1F-15E-1

THROTTLE QUADRANT (cContinued)
(FRONT)
SWITCH USE SWITCH POSITION/ACTION
FORWARD AFT
COMMUNICATIONS COMM TRANSMIT ON RADIO | TRANSMIT ON RADIO
1 OR RADIO 3 2 OR RADIO 4
FORWARD AFT
MISSILE REJECT TARGET

A/A RADAR UNDESIGNATE

BOAT TARGETING FLIR UNDESIGNATE

UNDESIGNATE

HRM/RBM/BCN SET TARGEHG
MISSILE REJECT TARGET
A/G GUIDED WEAPON UNDES g
FORWARD CENTER | AFT
SPEED BRAKE

RETRACT HOLD | EXTEND

FORWARD CENTER | AFT

MRM SRM AUTO

WEAPON SELECT| WEAPON SYSTEM GUNS &

SWITCH SELECT AJA
MASTER

MODE

Figure 1-15 (Sheet 2)
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THROTTLE QUADRANT (Continued)

(FRONT)
SWITCH USE SWITCH POSITION/ACTION
UP | DOWN |IN- OUT-
TARGETING  FLIR BOARD | BOARD
g%’N“’/Is‘gg‘ SE- |MISSILE | Ewws/ IFF
PUOSD QUENCE BS/ NCTR | INTER-
POINT GUN- ACTL- | ROGATE
SELECT | SIGHT | VATE
COOLIE STIFFEN/
QUICK | LOOK
A/A RADAR STEP INTO
TURN
A/A GUN LCOS/GDS | ENABLE
A/G GUIDED WEAPON REFER TO TO1F-15E-34-1-1
TRANSDUCER PRESS/RELEASE
TARGETING POD
LOS CONTROL DESIGNATION
HRM/RBM CURSOR CONTROL
A/A RADAR REFER TO TOIF-15E-34-1-1
(ACQUISITION
SYMBOL CONTROL)
TDC TSD RANGE/BEARING CUE COMMAND
LINE CONTROL
A/G GUIDED WEAPON REFER TO TO1F-15E-34-1-1
NAV/A/G HUD L.OS CONTROL DESIGNATION
TD DIAMOND
NAV POD ELECTRICAL

BORESIGHT SLEW
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THROTTLE QUADRANT (continued)
(FRONT)
SWITCH USE SWITCH POSITION/ACTION
PRESS AND RELEASE
TARGETING FLIR LASER FIRE/STOP FIRING
HRM/RBM FREEZE/UNFREEZE
LASER
FIRE BUTTON A/G GUI([)JS;) WEAP- REFER TO TO1F-15E-34.1.1
HUD [C1_DVELOCITY VECTOR CAGE/UNCAGE
TSD TRACK/UNTRACK
RADAR ROTATE
THUMBWHEEL
ELEVATION RATE CONTROL
COUNTER UP DOWN
PINKY MEASURES
DISPENSER MANUAL NO. 2 MANUAL NO.1

Must be ‘In Command’ of HUD and in A/G, NAV or INST master mode,.

Figure 1-15 (Shesat 4)
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CONTROL STICK

(REAR COCKPIT)
{FORWARD) & NOSE
OFF 0OWN
DowN) ¥ () (B (")
(A/C) RELEASE/LAUNCH ®|?rr n:u@
AIR-TO-GROUND WEAPONS M TR
WEAPON RELEASE BUTTON
(AFT) NOSE
é) uP
TRIGGER TRIM SWITCH
(NON-FUNCTIONAL)
AUTOPILOT/STEERING
DISENGAGE SWITCH
(PADDLE SWITCH)
OFF {aFT)
DISENGAGES NOSE GEAR STEERING (GROUND)
DISENGAGES AFCS INTIATED BIT (GROUND)
DISENGAGES AUTOPILOT {AIR} — AlIR REFUELING RELEASE SWITCH
RESET FLYUP (AIR) Y T
REVERT TO MANUAL TF/INTERRUPT A/P
STEER MODES [AIR) OFF
(oowN) w (W)
| - AIR REFUELING
RECEPTACLE
RELEASE
LEGEND

(M)  MOMENTARY - MUST BE HELD FOR CONTACT

15E~1={4-3)13-CATI
Figure 1-16 (Sheet 1 of 2)
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CONTROL STICK (Continued)
(REAR COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
FWD AFT LEFT RIGHT
TRIM FLIGH%:I%?TROL NOSE LEFT RIGHT
NOSEUP |poon WING WING
DOWN DOWN
WEAPON
by PRESSED
WEAPON EAPON SYS G WEAPON RELEASE IF IN A/G MASTER MODE
B B ASE WEAPO TEM | A/
BUTTON PRESSED
VTRS
PROGRAMMED RECORD ENABLE
AIR
REFUELING AIR REFUELING PROBE DISENGAGE
DISENGAGE
PRESS AND RELEASE | PRESS AND HOLD
wrom [ s | VLI
AUTOPILOT )
STEER MODES
ARMED MANUAL
PADDLE SWITCH | TF/UNARMED RESET FLYUP Q%E%Péigﬁ
MANUAL TF
WEIGHT ON DISENGAGE NOSE
WHEELS TERMINATES AFCS BIT GEAR STEERING
AUTOPILOT DISENGAGES AUTOPILOT

Figure 1-16 (Sheet 2)

1-59



TO 1F-15E-1

THROTTLE QUADRANT

(REAR)
MICROPHONE SWITCH
W & W
-« 4
(AFT) {cTR)
TRANSMIT RECEIVE TRANSMIT
UHF 2
AND 4
SPEED BRAKE SWITCH
®w & ™
- 4
{AFT) {CTR}
EXTEND HOLD
RUDDER TRIM SWITCH
® ©
-4 . 4
R {CR)
RIGHT HOLD
TRIM TRIM TRIM

LEGEND

@ MOMENTARY - MUST BE HELD FOR CONTALT

SELECTED PQSITION - CONTACT MAINTAINED IN
SELECTED PJSITION

Figure 1-17 (Sheet 1 of 2)
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THROTTLE QUADRANT (Continued)

TO 1F-15E-1

(REAR)
SWITCH USE SWITCH POSITION/ACTION
FORWARD AFT
COMM,IE;ELCA' RADIOS TRANSMIT ON TRANSMIT ON
RADIO 1 OR RADIO 2 OR
RADIO 3 RADIO 4
CENTER
FORWARD (SPRING AFT
LOADED)
SPEED BRAKE gﬁﬁ’f{% SPEED BRAKE
RESPONDS TO
RETRACT | FRONT COCKPIT EXTEND
POSITION
COMMAND
RIGHT CENTER LEFT
RUDDER
TRIM
TRIM RIGHT TRIM HOLD TRIM LEFT TRIM

Figure 1-17 (Sheet 2)
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HAND CONTROLLERS

CMD SWITCH AAL/NCTR/EWWS /SWITCH
{THREE POSITION [THREE POSITION
MOMENTARY SUDE) MOMENTARY SLIDE)

COOUE SWITCH
(FOUR-WAY MOMENTARY
TOGGLE WITH CENTER OFF)

CASTLE SWITCH
(FOUR-WAY CENTER OFF
WITH FIFTH DOWN POSITION)

TARGET DESIGNATOR CONTROL
(ISOMETRIC DEPRESSIBLE
ALTION POSITION)

AUTD ACQUISITION /
MODE REJECT SWITCH
(MOMENTARY FWD, AFT, DOWN,
WITH CENTER QFF POSITION)

TRIGGER
{TwO DETENT SPRING-LOADED)

LASER FIRE BUTTON
(SPRING-LOADED PUSH BUTTON)

LEFT HAND CONTROLLER RIGHT HAND CONTROLLER

13E-1-{1 841 J44-CATI

Figure 1-18 (Sheet 1 of 4)
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HAND CONTROLLERS (Continued)
(REAR COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
TRANSDUCER PRESS AND RELEASE
TARGET-
NG ELE LOS CONTROL
HRM CURSOR CONTROL [T )EXPAND
RBM CURSOR/[_1_)EL CONTROL
TDC
ACQUISITION SYMBOL/
A/A RADAR EL CONTROL
TSD RANGE/BEARING LINE CONTROL
A/G
GUIDED REFER TO TOI1F-15E-34-1-1
WEAPON
FORWARD | AFT LEFT RIGHT
TAKE TAKE
e COMMAND | COMMAND
COOLIE | con. SCROLL | SCROLL | tBFT RIGHT
TROLLER | MPD MPCD IIM)Y/ D%‘”
MOVE MOVE
CAUTIONS | CAUTIONS
RIGHT
Con. FORWARD AFT
TROLLER
RSy IFF INTERROGATE EWWS AND NCTR ACTIVATE
LEFT FORWARD AFT
CON-
TROLLER
CMD MANUAL 1 MANUAL 2 (SEMI-AUTOMATIC)
DISPENSE

Figure 1-18 (Shasat 2)
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TO 1F-15E-1

HAND CONTROLLERS (Continued)
(REAR COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
HALF ACTION FULL ACTION
TARGETING DESIGNATION/
POD TRACK/UNTRACK CUE/UPDATE
EXPAND ENABLE/ DESIGNATION/
HRM PPI RANGE SR UPOATE
CHANGE ENABLE
ELEVATION SLEW TARGET
TRIGGER | A/A RADAR ENABLE DESIGNATION
ELEVATION SLEW
RBM/BCN ENABLE/PPI RANGE Mﬁgf’éggj‘u?gf&
CHANGE ENABLE
TSD TRACK/UNTRACK CUE COMMAND
A/G GUIDED TRACK
WEAPON COMMAND
FORWARD AFT DOWN
TARGET- NARROW/ RETURN
ING POD WIDE FOV TO CUE UNDESIGNATE
SMALLER LARGER MODE REJECT/
HRM/RBM WINDOW/RANGE WINDOW/ RANGE [3 ) PSL/UN-
MODE DESIGNATE
RE];.’(‘)EST’ A/A RADAR | HIGH DATA RATE NORMAL MODE
TWS/RAM TWS REJECT
TSD SMALLER CUE LARGER CUE RETURN
FOOTPRINT FOOTPRINT TO PP MAP
AJG
A REFER TO TO1F-15E-24-1-1
WEAPON
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TO 1F-15E-1

HAND CONTROLLERS (Continued)
(REAR COCKPIT)
SWITCH USE SWITCH POSITION/ACTION
TARI?L""{;WG LASER FIRE/STOP FIRE
LASER
FIRE | HRM/RBM FREEZE/UNFREEZE
BUTTON
A/G GUIDED
SR REFER TO TO1F-15E-34-1-1
FORWARD AFT LEFT RIGHT PRESS
TARGET | CURSOR
POD BLANK CURSOR | CURSOR
CUE UPDATE
HRM/RBM
cvnﬁgg TARGET
BCN
CURSOR | SEQUENCE
SET CUE | UpDATE POINT
SELECT
ALTER-
CASTLE NATE AC-
DE- TUATION
TSD CREASES ﬁggﬁiﬁ% SELECTS
MAP SCALE RADAR
CUE OR
FLIR CUE
TARGET
MRM SRM
A/ARADAR | SEARCH | SEARCH UN- MISSILE QUICK
DESIG- REJECT STEP
MODE MODE e
A/G GUIDED
A REFER TO TO1F-15E-34-1-1
1) MUST ARM WITH TRIGGER 1/2 ACTION.
5 PATTERN STEERING LINE ENABLE/DISABLE WHEN CURSOR FUNCTION IS
TARGET.
3 ) WHEN CURSOR FUNCTION IS TARGET.
4 ) CHANGES PPI RANGE WHEN TRIGGER IS AT FIRST DETENT.
—5 ) WHEN CURSOR ACTION IS UPDATE (MN).
8 ) WITH MASTER CAUTION PRESSED.

Figure 1-18 (Sheet 4)
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UPFRONT CONTROLS (UFC)

The upfront controls in the front and rear cockpit are
the major interface units for control of avionics sub-
systems. The UFC consists of 10 function buttons, six
20-character rows of display, four radio volume con-
trols, two rotary switches, a 20-key data entry key-
board, a rotary brightness control knob, and an EMIS
LMT pushbutton (figure 1-18).

UFC BIT

The UFC BIT is implemented in three levels; basic
self test, initiated BIT and continuous BIT, Basic self
test is run each time the unit comes out of the off
mode. Initiated BIT is run in response to the BIT
initiate discrete input.

The third level of BIT is continuous as performed in
normal operation. This method depends on the air-
crew observation because of the large number of
switches and display segments. Each level of BIT is
desensitized such that a single glitch will not cause a
no-go indication,

UFC SYSTEM CONTROL
The UFC provides control of the following systems:

a. INS - data entry and display

b. Tacan

¢. Auto pilot - attitude hold, altitude hold, radar
preset altitude, and steer modes

d. TF

e. IFF/SIF

f. AAI

g. UHF Radios - including ADF and KY-58

h. ILS

i. NAV FLIR

j- Joint Tactical Information Distribution System
(JTIDS) mission code (JMC) and JTIDS voice code
(JVC) - (Future growth associated with JTIDS)

k. A/G stores delivery bias

Either of the two UFC’s controls all systems and each
is driven by its own processor (an AIU) with paths to
the other AIU, This provides a redundancy when a
UFC or processor failure occurs.

The UFC panel alphanumeric pushbutton keys as
well as the other pushbuttons are read by the CC.
Numbers 0-9 or Ietters A, N, B, W, M, E, S, C, -
(dash), decimal point and colon are available.
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0-9 Key

SHF (shift)
Key

A/P Key

MARK Key

MENU Key

DATA Key

CLR (clear)
Key

UFC
Condition

Empty
scratchpad

Empty
scratchpad
and top 4
rows blank

1 digit in
scratchpad
2 or more
digits in
scratchpad
SHF funec-

tion key
pressed

I/P Key

Enters number

Enables upper case functions on
next key pressed

Selects autopilot format and cou-
ples autopilot

Marks and selects marked point
for display

Selects menu format

1st Push - MENU 1

2nd Push - MENU 2

3rd Push - MENU 1

Selects data display format

1st Push - DATA 1

2nd Push - DATA 2

3rd Push - DATA 1

Pressing CLR key produces the
results show below (dependent on
initial UFC condition)

Result

Blank top 4 rows

Blank all rows

Clears selection

Clears last digit entered in scratch-
pad

Deactivates SHF function

Initiates IFF identification of posi-
tion (I/P)



Decimal Enters decimal point.

Point (.)

Key

Guard Left or Right key enables/disables

Receiver guard receiver or changes between

(GREC) preset channel and manual fre-

Channel/ quency on appropriate radio.

Manual

(C/M) Key

VOL R1, R2, Volume control for selected radio.

R3, R4

EMIS LMT  Limits electronic emissions from

Key the aircraft for passive operations.
The low probabitity of intercept
terrain following radar mode is
automatically selected if TF radar
is active, and other electronic
emitters are switched to standby,
except CARA which continues to
transmit and has to be turned off
to terminate transmission. The
EMIS LMT light comes on when
first selected. With AP-1R, when
pushbutton is pressed again the
emission limit is deselected and
most emitters return to their pre-
vious state of operation. However,
tacan transmit or receive (T/R)
must be reselected, TF must be
reset and all IFF modes must be
reselected or phasing re-enabled
on the UFC. With VHSIC, when
the pushbutton is pressed again,
the emission light is deselected
and affected systems are returned
to their previous state of opera-
tion.

BRT Controls brightness of liquid crys-
tal displays (LCD).

Left and Pressing knob turns on the radio.

Right Rotating the knobs selects radio

Rotary/Press channels 1 thru 20 and guard

Knobs transmitter for appropriate radio.

Preset channel may be selected by
pressing the channel control knoh.

The UFC multifunction buttons are used as the
options indicate except buitons 5 and 6 which are
dedicated to radios/submenu displays. Buitons are

TO 1F-15E-1

numbered 1 thru 10 beginning at the top left. PB 1
thru 5 are top to bottom on the left. PB 6 thru 10 are
bottom to fop on the right.

If the UFC display is blank, the actions listed below
will restore the display :

a. Press MENU or DATA key to display appropri-
ate menu or data display.

b. Press and release any 81 thru S84 or 87 thru 810
to return top 4 rows to the previously selected sub-
menu. Radio advisory data (rows 5 and 6) return to
previously displayed data.

¢. Press and release S5 or S6 to return radio
advisory data in rows 5 and 6.

UFC DISPLAYS

NOTE

With AP-1R, when making an entry
requiring a decimal point, the decimal
point must be entered, except for manual
UHF frequencies.

Since a large number of system functions have been
integrated into the UFC several menus or display
formats were developed. These displays are called
data displays, menus, and submenus. There are two
data displays, two menus and 19 submenus. Regard-
less of the data or submenu displayed, the radio
communication information is always retained. The
two data displays (DATA 1, DATA 2), menus
(MENU 1, MENU 2), and the submenus pertaining to
communications and radic navigation are described
in the following paragraphs.

Data 1 Display

This displays current aireraft information. It is
selected by pressing the DATA pushbutton on the
UFC keyboard (figure 1-19). On this format, pressing
PB 1 shows LOS bearing and range to current steer-
point, estimated time enroute/estimated time of arri-
val (ETE/ETA). The selection will initially power up
to display steerpoint bearing and range. The PB may
be pressed and released to toggle through the three
selections. PB 2, 3 and 4 display calibrated, true and
ground speeds respectively. Additionally, PB’s 3 and
4 control the display of true airspeed and ground-
speed on the HUD and EADI formats (an asterisk is
displayed on the UFC when the display is enabled).
PB 7 displays either winds or the CC clocktime (must
be set each sortie by aircrew). The display will ini-
tially power-up to display time at PB 7. With AP-1R,
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TIME OFF is displayed any time power to the CC is
interrupted. With VHSIC, the CC has a battery which
keeps the time running (assuming a good battery) and
aircrews can re-display time by pressing PB7. Radar
(CARA) and baro-corrected altitudes are displayed
by PB 8 and 9 respectively. In addition PB 8 controls
the display of radar (CARA) altitude on the HUD and
EADI formats (an asterisk is displayed on the UFC
when display is enabled). PB 10 shows the current
steerpoint. Steering can be changed by typing the new
point in the scratchpad and entering it by pressing
PB 10. Pressing PB 10 with a blank scratchpad calls
up one of four point data submenus,

Data 2 Display

Pressing the DATA pushbutton a second time dis-
plays the data 2 display (figure 1-19). This display
contains NAV data functions which provide the capa-
bility to determine what the remaining fue! will be at
a selected sequence (steer or target) point, time
enroute, and so forth. On the data 2 display, the
sequence points are indicated by SP followed by the
point number identifier; only steer and target points
may be identified as sequence points (SP) on the data
2 display. Target 24, route alpha is the current line of
sight point selected. As a result, the 15,000 pounds
readout represents the amount of fuel remaining
when the aircraft reaches the SP if the aircraft travels
at the current aircraft ground speed displayed, 395K,
from the aircraft present position direct to SP24.A.
Also shown is the calculated ETA to reach SP24.A.
Pressing the pushbutton next to the ETA will provide
the ETE. If range and bearing to SP24.A is desired,
pressing the pushbutton next to the fuel remaining
(15,000 1bs) will display the information.

Within the same format a second sequence point,
SP25.A, is displayed automatically with data relating
to it because it is the next point after the line-of-sight
(LOS) point with a time-on-target {TOT) assigned to
it. The 12,000 lbs readout is estimated fuel remaining
when the aircraft gets to SP25.A. Pressing the push-
button next to either time-of-arrival (TOA), fuel
(12,000 1bs), or command ground (CG) speed will
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cause TOT to be displayed as shown on figure 1-19.
This selection also displays the words FUEL REM in
place of the fuel remaining, and CG speed to make the
TOT is displayed next to CG. If no TOT has been
stored for this point, OFF will appear next to TOT
and CG.

Menu 1 Display - WITH AP-1R

Pressing the MENU pushbutton on the keyboard
calls up the MENU 1 format (figure 1-20). The
information displayed and controlled from menu 1 is
described in the following paragraphs.

¥ LAW The LAW (12000° AGL) with the
12000 asterisk displayed indicates the
system has been enabled with the

adjacent pushbutton and the low

altitude voice warning and light

will be activated if the aircraft first

climbs above and then descends

below the altitude (AGL) dis-

played. The LAW altitude is

changed by keyboard entry into

the scratchpad and pressing the

pushbution next to LAW (based

on CARA).
:'TCN The current tacan channel selected
101X and operating is channel 101 mode

X. The colon indicates power is on.
Tacan channels are changed by
keyboard entry of the new channel
number into the scratchpad and
pressing the pushbutton next to
TCN., Turning the TACAN
ON/OFF, changing between mode
X or Y, and changing operating
modes (A/A, TR or REC) is done
from the TACAN submenu. Press-
ing with a clean scratchpad dis-
plays the TACAN submenu. Refer
to TACAN system.
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AAI
3-4321%

N-F
NORM:

A/P NAV

:IFF
1/2/3

Indicates the current air-to-air
interrogation (AAI) mode and
code (3-4321). Pressing with a
blank scratchpad displays the
AAI submenu. AAI modes and
codes can be changed from this
format using the procedure
described under IFF, this section,
Refer to TO 1F-15E-34-1-1 for
detailed information,

Indicates the current NORM
mode/power status of the
LANTIRN navigation FLIR.
Pressing with a blank scratchpad
displays the NAV  FLIR
submenu.

Indicates autopilot is engaged
and current steer mode if any. In
thizs case NAV steer mode.
Pressing with a blank scratchpad
displays the autopilot submenu.

Thizs IFF format indicates that
1/2/3 modes 1, 2, and 3 have been
selected for operation. If only
mode 3 had been selected, the 1
and 2 would not be displayed. If
it is necessary to change mode 3's
code, for example, first, press 3 to
identify the mode to be changed,
second, press SHF (shift) to
select the upper case functions of
the keyhoard, third, select DASH
(-}, fourth, select the digital code,
and fifth, enter the new code by
pressing the pushbutton next to
IFF. The entered mode and code
is displayed for 5 seconds and is
then replaced by only the enabled
modes without codes. A colon
indicates power is on. Modes are
selected/deselected from the IFF
submenu. IFF phasing selection
and programming are also done
from the IFF submenu. Refer to
identification systems, this
section, for more information.

TF
NORM

STR 19A

TO 1F-15E-1

Displays terrain following (TF)
radar status (blank - OFF, N/R -
not ready, STBY - standby) or
correct TF submodes selected on
TF display (NORM, WX, ECCM,
LPI or VLC). A colon is
displayed if power is on. Refer to
TO 1F-15E-34-1-1.

Indicates that current steer
(STR) point is number 19 route
alpha (A). Steering to a new point
is selected by typing the desired
point in the scratchpad and
pressing this pushbutton.
Pressing this pushbutton with a
blank scratchpad displays the
point-data submenu.

Menu 1 Display - WITH VHSIC

With power removed from the TACAN, IFF, TF
radar, NAV FLIR or AAI systems, the system name
followed by OFF is displayed on UFC menu 1. Also, if
the LAWS or A/P is disabled, the system name
followed by OFF is displayed.

Pressing the MENU pushbutton on the keyboard
calls up the MENU 1 format (figure 1-20). The
information displayed and controlled from menu 1 is
described in the following paragrapha.

LAW
12000’

Indicates the system has been
enabled and the low altitude voice
warning and light will be activated
if the aircraft first climbs above
and then descends below the alti-
tude (AGL) displayed. The LAW
altitude is changed by keyboard
entry into the scratchpad and
pressing the pushbutton next to
LAW (based on CARA).
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TCN
101X

3-4321

A/P NAV

1-72

The current tacan channel selected
and operating is channel 101 mode
X. Tacan channels are changed by
keyhoard entry of the new channel
number into the scratchpad and
pressing the pushbutton next to
TCN. Turning the TACAN
ON/OFF and selecting a channel is
done using the scratchpad and
menu 1, Changing between mode
X or Y, and changing operating
modes (A/A, TR or REC) is done
from the TACAN submenu. Press-
ing with a clean scratchpad dis-
plays the TACAN submenu. Refer
to TACAN system.

Displays the current air-to-air
interrogation (AAI) mode and code
(3-4321). Pressing with a valid
scratchpad entry applies power to
the AAI system. Pressing with a
blank scratchpad displays the AAI
gsubmenu., AA] modes and codes
can be changed from this format
using the procedure described
under IFF, this section. Refer to
TO 1F-15E-34-1-1 for detailed
information.

Indicates the current NORM
mode/power status of the LAN-
TIRN navigation FLIR. Pressing
with a blank scratchpad displays
the NAV FLIR submenu,

Indicates autopilot is engaged and
current steer mode if any. In this
case NAV steer mode. Pressing
with a blank scratchpad displays
the autopilot submenu.

IFF
123

TF
NORM

STR 19A

This IFF format indicates that
modes 1, 2, and 3 have been
selected for operation. If only
mode 3 had been selected, the 1
and 2 would not be displayed. If it
is necessary to change mode 3’
code, for example, first, press 3 to
identify the mode to be changed,
second, press SHF (shift) to select
the upper case functions of the
keyboard, third, select DASH (-),
fourth, select the digital code, and
fifth, enter the new code by press-
ing the pushbutiton next to IFF.
The entered mode and code is dis-
played for 5 seconds and is then
replaced by only the enabled
modes without codes. Modes are
selected/deselected from the [FF
submenu. IFF phasing selection
and programming are also done
from the IFF submenu. Refer to
identification systems, this sec-
tion, for more information.

Displays terrain following (TF)
radar status {blank - OFF, N/R -
not ready, STBY - standby) or
correct TF submodes selected on
TF display (NORM, WX, ECCM,
LPI or VLC). Refer to TO 1F-
16E-34-1-1,

Indicates that current steer (STR)
point is number 19 route alpha {A),
Steering to a new point is selected
by typing the desired point in the
scratchpad and pressing this push-
bution. Pressing this pushbutton
with a blank scratchpad displays
the point-data submenu,

Menu 2 Display - WITH AP-1R

Menu 2 display (figure 1-20), is selected by a second
pressing of the menu pushbutton. The information
displayed is described in the following paragraphs.

JVC 0A
JMC O

JTIDS voice channel and JTIDS
mission channel. For entry of
JTIDS data. (Provisions only)



A/GDLVRY Pressing this pushbutton displays
the A/G Delivery submenu

:ILS Indicates current instrument land-

109.70 ing system (ILS) localizer fre-
quency selected, with the colon
indicating it is being powered.

PP-MN Pressing the pushbutton displays
the PP keeping submenu (either
INS, MN, TCN or A/D; current
selection is mission navigator).

KY-58 Pressing this pushbutton displays
a KY-58 submenu,

UPDT SEL.  Pressing this pushbutton displays
an update select submenu,

BOTH TX* Pressing the pushbutton displays

an asterisk which permits trans-
mission on both radio transmit-
ters, either on the same or differ-
eni frequencies provided neither
radio is in a red mode (secure).

Manu 2 Display - WITH VHSIC

Menu 2 display (figure 1-20), is selected by & second
pressing of the menu pushbutton, When power is
removed from either UHF 1, UHF 2 or ILS , the
words OFF are displayed next to the system name on
the UFC. The information displayed is described in
the following paragraphs.

JVC OFF JTIDS voice channel (provisions
only)

JMC OFF JTIDS mission channel. For entry
of JTIDS data. (Provisions only)

A/GDLVRY Pressing this pushbutton displays
the A/G Delivery submenu

ILS Pressing this pushbutton with an

109.70 empty scratchpad, applies power

to the ILS. With power applied,
this line indicates current instru-
ment landing system (ILS) local-
izer frequency selected .
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PP-MN Pressing the pushbutton displays
the PP keeping submenu (either
INS, MN, TCN or A/D; current
selection is mission navigator).
UPDT Pressing this pushbutton displays
MENU an update select submenu.
Submenus

Menu 1 and menu 2 provide access to submenus
(figure 1-21) which contain selection of specific sys-
tem functions, There are submenus for tacan, tacan
programming, IFF, IFF programming, UHF 1, UHF
2, navigation FLIR, navigation FLIR boresight (from
NAV FLIR), AAI autopilot, point data latitude and
longitude, UTM, UTM programming, point data
range and bearing, direction and range offsets, pre-
sent position keeping source, HUD titling, A/G deliv-
ery, update, and KY-58. Submenus can be selected
when the scratchpad is blank by pressing the push-
button next to the system of interest. For example, to
select the IFF submenu, press the pushbutton next to
IFF on the menu 1 display. Once displayed, system
changes can be selected and made using keyboard
entry. To return to either a menu or data display,
press either the MENU or DATA pushbutton,

UFC Point Data Submenu - With VHSIC

The UFC point data sequence point mechanization
has been modified such that cycling between
sequence points is similar te cycling between
sequence points on other displays. Also, the capability
to change sequence point types and retain the geogra-
phic location is available to the aircrew. Specifically,
the following sequence point mechanization changes
have occurred on all the UFC point data submenus,

Pushbutton 1

a, The order in which sequence points are dis-
played by pressing PB 1 has been modified to display
STR/TGT points and the associated AIM/G/S points
in numerical order for a route rather than by sequence
point type. MARK point seguencing remains
unchanged.

b. After a sequencing point is deleted, the aircrew
can press PB 1 to select the next sequence point in
numerical order.

¢. The capability to change STR or TGT sequence
points to TGT or STR points can be accomplished by
entering the changed sequence point number and
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optional letter in the scratchpad, then pressing PB 1.
Also, the associated AIM or O/8 sequence point will
be changed. The sequence point that is changed must
be on the same route and of the same numerical order.

d. The BASE point cannot he changed to a STR or
TGT.

e. A TGT point cannot be changed to a STR point
while the TGT point is designated.

f. The current steer-to-point cannot be deleted.

Pushbutton 7

ELV aappears representing elevation of the sequence
point are displayed next to the elevation value on all
the UFC point data submenus. When the sequence
point elevation is invalid, ELV OFF is displayed.

Pushbutton 9

TOT appears, representing time-on-target for the
sequence point selected are displayed next to the
TOT value on all the UFC point data submenus.

If the TOT was previously entered, the difference
between the scratchpad entered TOT and the current
TOT will be added or subtracted from all sequence
point TOT"s on the route with a TOT.

The delta TOT format is selected by pressing PB 9 on
any of the UFC point data submenus, provided a
TOT is displayed for the sequence point. If TOT is
displayed next to PB 9, the DELTA TOT format is
not available to the aircrew. Also, if TOT OFF is
displayed next to PB 9, and a TOT is entered, the
TOT will only affect the PB sequence point TOT and
will not change other TOT’s on the route.

From the DELTA TOT format, the aircrew has the
ability to enter delta TOT (positive or negative) that
will be added or subtracted to all sequence point
TOT’s on the route with a TOT. Valid delta TOT
entties are from 1 to 59 and represent minutes. Any
other values are considered invalid and are flashed in
the scratchpad if an attempt to enter is made. After
the aircrew enters a valid delta TOT, the new
sequence point TOT is displayed next to PB 9 on the
UFC point data submenu,

The aircrew is still able to adjust an individual
sequence point TOT without affecting the other
sequence point TOT’s from the UFC data 2 display.
The TOT option on the UFC data 2 display is
available to the aircrew by pressing PR 7.
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UFC TACAN Submenu
Pushbutton 1

The aircrew can change the tacan channel by making
a valid scratchpad entry at PB 1 or change the tacan
band by pressing PB 1 with an empty scratchpad. The
tacan channel and band can be changed without
power applied to the tacan,

Pushbutton 8

The tacan PROGRAM submenu is now displayed
next to PB 8.

Pushbutton 10

Power to the tacan is controlled by alternately press-
ing PB 10,

UFC TACAN PROGRAM Submenu

Pushhbutton 1

The aircrew can change the tacan channel by making
a valid seratchpad entry at PB 1 or change the tacan
band by pressing PB 1 with a blank scratchpad.
Pushbuttons 2 and 3

The latitude and longitude for the tacan station is
displayed next to PB 2 and 3 respectively.

Pushbutton 4
MYV is displayed next to the magnetic variation value.
When the tacan station magnetic variation has not

been entered, MV OFF is displayed.

Pushbutten 7

ELV is displayed next to the elevation value. When
the tacan station elevation has not been entered, ELV
OFF is displayed.

Pushbutton 8

The tacan PROGRAM submenu
deselection is displayed next to PB 8.

selection/

Pushbutton 10

The index function is displayed next to PB 10.



TACAN UPDATE Submenu
Pushbutton 1

When power is removed from the tacan, TCN OFF is
displayed. The aircrew have the ability to apply
power to the tacan by pressing PB 1 with an empty
scratchpad. After PB 1 is pressed, power is applied to
the tacan and the last selected channel and band are
displayed. A valid seratchpad input from the tacan
will power the tacan on to the scratchpad entered
channel and last selected band.

UFC Present Position Keeping Submenu
Pushbutton 7

MV is displayed next to the magnetic variation value.
KY-58 Submenu

Pushbuttons 1 and 10

When OPR or RV mode is selected, an asterisk is
displayed next to PB 1 or 10 respectively.

Pushbuttons 4 and 7

These legends, Ul-KY and U2-KY, have changed to
clearly indicate which radio is selected for KY-58
operation.

UFC UHF 1 and UHF 2 Submenus
Pushbutton 1

When power is applied to the UHF radio, an asterisk
is displayed next to PB 1 on the appropriate UHF
submenu. Power can stiil be applied to the UHF radio
by pressing PB 1. Also, the preset chanunel can be
entered by pressing PB 1 with data in the scratchpad.

Pushbutton 2

When power is applied to the ADF, an asterisk is
displayed next to PB 2. Power can still be applied to
the ADF by pressing PB 2.

Pushbuttons 4 and 7

The KY-58 submenu selection and the BOTH TX
function have been relocated from the UFC menu 2
display to both UFC UHF 1 and UHF 2 submenus.

TO 1F-15E-1

UHF Radio Adviscry
Pushbuttons 5 and 6

When the UHF radio is transmitting in manual mode,
the U is replaced by a T on both the forward and aft
radio advisory.

Channel Selector Knobs

With power removed from the UHF radio, turning the
appropriate channel selector knob will power the
radio on, select channel mode and increment the
channel number.

When the UHF radio is transmitting in channel
mode, a T is displayed prior to the channel number on
both the forward and rear radio advisory.

Pushbuttons 5 and 6

When power is removed from UHF 1 or 2, the system
name followed by the word OFF is displayed on the
UFC radio advisory.

Aircrews can now swap scratchpad entries with cur-
rently selected channel or manual frequencies by
pressing the channel select knob or PB 5 or 6. When
the radio is on, entering a manual frequency in the
scratchpad and pressing PB 5 or 6 will change the
manual frequency to the scratchpad entered manual
frequency and display the old manual frequency in
the scratchpad. Entering a valid channel number in
the scratechpad and pressing the channel selector
knob will change the channel number to the scratch-
pad entered channel number and display the old
channel number in the scratchpad. When the radio is
off, entering a manual frequency in the scratchpad
and pressing PB 5 or 6 will power on the radio
{manual mode) to the scratchpad entered manual
frequency. Entering a channel number in the scratch-
pad and pressing the appropriate channel select knob
will power the radio on (channel mode) to the scratch-
pad entered channel number.
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UFC MENU/SUBMENU MATRIX - WITH VHSIC
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UFC MENU/SUBMENU MATRIX ~ WITH VHSIC (Confinued)
(CC INOP)
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NOTES:
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2. When DATA key & pregsed, remain ot current menu/submeny,
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UFC MENU/SUBMENU MATRIX - WITH AP-1R
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UFC MENU,/ SUBMENU MATRIX — WITH AP- TR (Continued)
(CC INOD)
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HEAD-UP DISPLAY (HUD)

The HUD contro! panel, {figure 1-22) is located on the
main console. The holographic combiner displays
projected raster (video) and stroke (symbols) imagery
in a total field of view which measures 21° in elevation
and 28° in azimuth. The HUD displays navigation,
FLIR video, flight control and weapon delivery infor-
mation.

HUD CONTROLS
Symbol Brightness (SYM BRT) Control

The SYM BRT control is a rotary knob. Clockwise
rotation applies power to the HUD. This control
adjusts brightness of the HUD stroke symbology only.
Raster video imagery is not affected. A detented OFF
position removes power from the HUD.

Symbol (SYM) Declutter Switch

WITH AP-1R, the SYM switch is a three-position,
toggle switch which removes and restores symbol
information from the HUD. REJ 1 and REJ 2 provide
identical declutter functions. Selecting REJ 1 or REJ
2 for all master modes removes the heading scale,
command heading, command velocity, pitch ladder,
and Bank scale (provided TF radar is off). In air-to-
air master modes the target locator line, the off
boresight angle and velocity vector are removed. The
NORM position restores all information.

WITH VHSIC, the symbol declutter switch remains
functional, however programming of the HUD declut-
ter is provided.

DAY /AUTO/NIGHT Switch

The DAY/AUTO /NIGHT switch is a three-position,
toggle switch which provides the pilot with a means to
select appropriate raster and stroke imagery bright-
ness levels for daytime or nighttime missions. The
DAY position allows for the full range of the stroke
symbology and raster video. The AUTO position
provides automatic brightness adjustment of stroke
symbology only based on ambient brightness data.

NOTE
The AUTO position does not provide
adequate illumination at night.

The NIGHT position limits the brightness range of
the stroke symbology and raster video to be compat-
ible with night operations.
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BIT Indicator

In normal operation, the BIT indicator is black. The
BIT indicator is white when the HUD has failed. The
BIT indicator resets when HUD power is cvcled off
and back on, or after a successful initiated BIT. If the
fault condition still exists after either of the above,
the BIT indicator will set white after approximately
60 seconds. When power is removed from the HUD,
the BIT indicator holds at its last setting.

Test Button

When the momentary action pushbutton, located
above the BIT indicator is pressed and held, an
internally generated 18° X 28° FOV raster test pat-
tern is displayed.

Video Brightness (VID BRT) Control

This rotary control fine adjusts the intensity of both
the raster-generated video imagery and the stroke-
generated symbology. This control ,usually left at the
12 o’clock position, is used to make the darkest shade
of gray truly black,

Video Contrast (VID CONT) Control

This rotary control adjusts the contrast level (shades
of gray) of the raster generated video. Stroke gener-
ated symbology is not affected. When the CONT
control is ON, NAV FLIR imagery is processed for
display on the HUD, A detented OFF position
removes raster generated video from the HUD and
restores NAV data in stroke.

Master Mode Buttons

Four master mode buttons are available: NAV, A/A,
A/G and INST. When any of these buttons are
pressed, the light comes on to indicate that particular
mode is selected. Only one master mode can be
selected at a time,

SYSTEM POWER UP

Once aircraft electrical power is applied the HUD is
turned on via the SYM BRT control and the raster
via the VID CONT control.

HUD SYMBOLS
In this description, the following operational catego-

ries of HUD symbology are considered. Refer to figure
1-28,
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HUD CONTROL PANEL
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Figure 1-22

a. HUD nav, flight, and weapon delivery symbols
that are common to most master modes (except A/G)
and positioned depending on the weapon mode and
sensor device selected.

b. HUD window displays, alphanumeric data with
fixed locations.

Calibrated airspeed and barometric altitude data are
displayed in digital format to remove graphics clutter
and provide a direct readout of the data. Additionally,
the crew can select true airspeed (T or groundspeed
(G) data and select radar (R) altitude for display.
These selections are obtained through the UFC data 1
display.

Velocity Vector

The velocity vector displays the instantaneous air-
craft flight path with respect to the earth. It is a small
airplane symbol. The wings of the symbol always
remain parallel to the wings of the aireraft. The
vertical relationship between the waterline symbol
{when displayed) and the velocity vector indicates
true AOA. Veloeity vector azimuth displacement from
HUD centerline indicates that drift (or a crab angle)
is present. The vector symbol is limited to 8.5° radius
of motion centered on the HUD. The velocity vector
flashes if the data to the CC is degraded or the
velocity vector is caged or limited.

The velocity vector may be caged by pressing the laser
fire button on the throttle if in command of the HUD
and in INST or NAV mode. Caging the velocity vector
permits the velocity vector-referenced information
{pitch ladder and steering information) to be retained
near the center of the HUD when there are large yaw
and/or crosswind angles.

Command Velocity

An analog command velocity wiper is displayed left of
HUP window 1. The symbol rotates up and down
from a horizontal position to indicate the difference
between current aircraft speed and command veloc-
ity. The symbol rotation is limited from -80° to +80°,
where 1° represents 1 knot of velocity. A positive
angle signifies more velocity (forward throttle). The
command velocity is based on groundspeed or true
airspeed if selected on the UFC, Otherwise, command
veloeity is based on calibrated airspeed. If the com-
mand velocity source is invalid, this symbol is not
displayed.

Ghost Velocity Vector

When the velocity vector is caged, a ghost velocity
vector ig displayed at the true velocity vector position.
The symbol is presented during snap look and look
into turn (NAV FLIR) operations. The pitch ladder
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HUD SYMBOLS
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and steering information are referenced to the caged
position. The ghost velocity vector flashes when
within 1.5° of the edge of the HUD.

Flight Path Pitch Ladder

The vertical flight path angle of the aircraft is indi-
cated by the position of the flight path pitch ladder
relative to the position of the velocity vector., The
aircraft pitch attitude is indicated by the position of
the aircraft waterline reference with respect to the
pitch ladder about the stabilized wings of the velocity
vector. The horizon line and the flight path pitch
angle lines are displayed for each 5° hetween +85°.
Positive pitch lines are solid and negative pitch lines
are dashed. The tabs at the end of each segment point
toward the horizon. Each line has a number which
maintaing its orientation relative to the pitch ladder.
The pitch lines themselves are angled (point) toward
the horizon at an angle one-half the angle of pitch
that the line represents. For example, the 40° positive
pitch line angles 20° toward the horizon, The 90° dive
point is indicated by a circle with an X enclosed. The
90° climb point is indicated by a circle.

The flight path pitch ladder is normally displaved in

a position referenced to the velocity vector to provide
flight path information. When the velocity vector
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becomes HUD-limited, the flight ladder does not
transition back to the aircraft waterline symbol. The
pitch ladder will always be referenced to the valid
velocity vector while maintaining the artificial hori-
zon on the horizon. If the velocity vector is not
displayed, the pitch ladder is referenced to the air-
craft waterline in azimuth and displays best available
pitch referenced to the horizon. This transition may
take up to 2 seconds.

The horizon bar is longer than other lines in the pitch
scale and has tabs at each end that point toward the
ground.

Heading Scale

The heading scale moves horizontally against a fixed
caret index indicating aircraft magnetic heading from
0° through 360°. The two digit display is expressed in
degrees x 10; e.g.,, 10° is displayed 01 and 250° is
displayed 25.

The command heading marker {when dispiayed)
moves against the scale and if the marker is limited, a
digital readout of command heading is displayed at
the end of the scale.
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Bank Angle Scale

With AP-1R, bank angle scale is always displayed in
NAV and INST master modes, With VHSIC, bank
angle scale is always displayed in NAV and INST
master modes unless selected programmed for declut-
ter in REJ 1 or 2. With terrain following ON, a bank
angle scale with tic marks (0°, 10°, 20°, 30°, 45°, and
60°) is displayed at the bottom of the HUD except
with guided weapons aboard. The (%and 45° tic
marks are single length, double width. The 30° and
60° tic marks are double length, single width, Terrain
following bank angle limit carets are displayed
against the scale, These limits are variable, however,
which is indicated by positionable TF limit caret
markers.

Waterline Symbol

An aircraft waterline position is indicated on the
HUD by the display of a flying W symbol, The pitch
ladder provides aircraft pitch attitude information
when it is compared with the waterline symbol. If the
velocity vector is not displayed, the pitch ladder slides
to its waterline-referenced position in azimuth,

Gun Cross

The gun cross is fixed 2° above waterline in the
azimuth center of the HUD and appears when the
master arm switch is in ARM. The symbol indicates
the projectile conversion point (without AOA or bal-
listic drop corrections) at the 2250-foot gun harmoni-
zation range. The symbol is also the position of the
gun reticle pipper at zero mils depression (zero 