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DEPARTMENT OF THE NAVY NAVAIR 01-F14AAP-1
OFFICE OF THE CHIEF OF NAVAL OPERATIONS
2000 NAVY PENTAGON
WASHINGTON, D.C. 20350-2000

1 August 2001

LETTER OF PROMULGATION

1. The Naval Air Training and Operating Procedures Standardization (NATOPS) Program is a posi-
tive approach toward improving combat readiness and achieving a substantial reduction in the
aircraft mishap rate. Standardization, based on professional knowledge and experience, provides
the basis for development of an efficient and sound operational procedure. The standardization
program is not planned to stifle individual initiative, but rather to aid the commanding officer in
increasing the unit’s combat potential without reducing command prestige or responsibility.

2. This manual standardizes ground and flight procedures but does not include tactical doctrine.
Compliance with the stipulated manual requirements and procedures is mandatory except as
authorized herein. In order to remain effective, NATOPS must be dynamic and stimulate rather
than suppress individual thinking. Since aviation is a continuing, progressive profession, it is
both desirable and necessary that new ideas and new techniques be expeditiously evaluated and
incorporated if proven to be sound. To this end, commanding officers of aviation units are autho-
rized to modify procedures contained herein, in accordance with the waiver provisions estab-
lished by OPNAVINST 3710.7, for the purpose of assessing new ideas prior to initiating recom-
mendations for permanent changes. This manual is prepared and kept current by the users in order
to achieve maximum readiness and safety in the most efficient and economical manner. Should
conflict exist between the training and operating procedures found in this manual and those found
in other publications, this manual will govern.

3. Checklists and other pertinent extracts from this publication necessary to normal operations and
training should be made and carried for use in naval aircraft.

. McCABE
ear Admiral, U.S. Navy
Director, Air Warfare
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| INTERIM CHANGE SUMMARY |

The following Interim Changes have been cancelled or previously incorporated into this

manual.
INTERIM
CHANGE
NUMBER(S) REMARKS/PURPOSE
1 thru 31 Previously incorporated

The following Interim Changes have been incorporated into this Change/Revision.

INTERIM
CHANGE
NUMBER(S) REMARKS/PURPOSE
32 Spoiler Malfunctions
33 Currency Requirements
34 F—14A Transition NATOPS Qualification Requirements
35 On-Deck Emergency Egress from Aircraft
36 GRU-7A Ejection Seat Preflight
37 Functional Checkflight Procedures
38 Ejection Seat Preflight Warning
39 Roll Maneuvering Limits
40 Ejection Seat Injury Risks Warnings
41 Catapult Takeoff Procedures
42 Digital Flight Control System (DFCS)
43 Advance Change ltems (AFCS Aircraft only)
44 Functional Checkflight Engine Runup Check Procedures
45 Rudder Hardover, Controllability, Uncommanded Roll and/or Yaw Proce-
dures

46 Advance Change Items

Interim Changes Outstanding — To be maintained by the custodian of this manual.

INTERIM
CHANGE ORIGINATOR/DATE PAGES
NUMBER (or DATE/TIME GROUP) | AFFECTED REMARKS/PURPOSE

5 ORIGINAL






NAVAIR 01-F14AAP-1

Summary of Applicable Technical Directives

Information relating to the following technical directives has been incorporated into this manual.

ECP DATE INC.
NUMBER DESCRIPTION IN MANUAL VISUAL IDENTIFICATION
AFC 654 Engine Stall Warning 1 August 2001
AFC 663 Airstream Sensors 1 August 2001
AFC 688 Turbine/Compressor Blanket 1 August 2001
AFC 717 Spoiler Operation to 62 degrees 1 August 2001
AFC 735 Mod DLC 1 August 2001
AFC 2342 APC/Boost Disengage 1 August 2001
AFC 823 Control Stick Paddle Switch Modification 1 August 2001
AFC 4409 Engine Mode Select Panel Modification 1 August 2001
AFC 4410 Control Stick Modification 1 August 2001
AFC 840 Upgrade Program: Airframe/Elect/AVI 1 August 2001
AFC 863 Night Vision Imaging System Lighting 1 August 2001
AFC 869 Digital Flight Control System 1 August 2001
AFC 871 EGI Upgrade 1 August 2001
AFC 883 Low—Altitude Warning System Modification | 1 August 2001
AFC 8921 DFCS Circuit Breaker Modification 1 August 2001
AFC 899 PTID Upgrade Wiring 1 August 2001
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LIST OF ACRONYMS AND ABBREVIATIONS

A/A. Air-to-air.

A/C. Aircraft /Air-conditioning.
AAA. Anti-aircraft artillery.
AAC. Aviation armament change.
AAW. Antiair warfare.

AB. Afterburner.

ac. Alternating current.

ACC. Aircrew system change.

ACL. Automatic carrier landing.

ACLS. Automatic Carrier Landing System.

ACM. Air combat maneuvering.
ACP. Armament control panel.
ACQ. Acquisition (TCS).
ACS. Automatic channel select.

A/D. Analog-to-digital.
ADAC. Airborne data acquisition computer.

ADD. Angle of attack as measured by the alpha
probe.

ADF. Automatic direction finder.
ADI. Attitude director indicator.

ADL. Armament datum line.

ADRL. Automatic Distribution Requirements List.

AEC. Automatic exposure control.

AFB. Airframe bulletin.

49

AFC. Airframe change; afterburner fuel control.
AFTC. Augmenter fan temperature control.
A/G. Air-to-ground.

AGL. Above ground level.

AHRS. Attitude Heading Reference System.
AIC. Air inlet control.

AICS. Air Inlet Control System.

AIM-7. Sparrow Missile.

AIM-9. Sidewinder Missile.

AIM-54. Phoenix missile.

ALR. Radar warning receiver.

AM. Amplitude modulation.

ANT. Antenna.

AOA. Angle of attack.

APC. Approach power compensator.

APCC. Advanced pod control computer.

ARI. Automatic rudder interconnect.
ASH. Automatic stored heading.
ASR. Air surveillance radar.

ATDC.

Airborne tactical data control.
ATDS. Airborne tactical data system.
ATLS. Asymmetric Thrust Limiting System.
ATTK. Attack.

AVB. Avionics bulletin.

AVBUS. Avionics bus.
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AVC. Avionic change.
AVIA. PTID AOA, VV, ILS, and ACLS.
AVTR. Airborne video tape recorder.
AWCS. Airborne Weapons Control System.
AWL. All-weather landing.
AYC. Accessories change.

B
BARO. Barometric.
BATR. Bullet at target range.
BDHI. Bearing-distance-heading indicator.
BER. Bearing.
BFCM. Backup flight control module.
BIDI. Bi-directional hydraulic pump.
BINGO. Return fuel state.
BIST. Built-in self-test.
BIT. Built-in test.
BLS. Basic landing display.
BMT. BIT moving target.
Bolter.
BRU. Bomb rack unit.
BTOF. Buffer time of fail.

C

CAD. Cartridge-actuated device.

CADC. Central air data computer.

CAP. Combat air patrol/computer address panel.

CARQUAL. Carrier qualifications.

CAS. Calibrated airspeed.
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Hook down, unintentional touch and go.
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CAT. Catapult.

CATCC. Carrier air traffic control center.
cb. Circuit breaker.

cc. Cubic centimeter.

CCA. Carrier-controlled approach.
CCDL. Cross channel data link.

CDNU. Control display navigation unit.
CEM. Computer-expanded memory.
CEP. Circular error probable.

CEU. Central electronics unit.

cg. Center of gravity.

CGTL. Command ground track line.
CHAL. Challenge.

Charlie Time. Expected time over ramp.

CIACS. Coded integrated armament control system.
CICU. Computer integrated converter unit.

CIPDU. Control indicator power distribution unit.
CLSN. Collision.

CM. Continuous monitor.

CMB. Code matrix box.

CMD. Command.

CMPTR. Computer.

CNI. Communication-navigation-identification.
CO,. Carbon dioxide.

COATS. CIACS Operational Assessment Timing
System.

COT. Crew operation trainer.

CP. Central processor.



CPA. Closest point of approach.

CPS. Controller processor signal unit/cycles per
second/Control power supply.

CRT. Cathode ray tube.
CSD. Constant speed drive/computer signal data.
CSDC. Computer signal data converter.

data  converter

CSDC(R). Computer
(replacement).

signal

CSS. Control stick steering.

CTVS. Cockpit television sensor.

CV. Aircraft carrier.

CVA. Aircraft carrier approach.

CVS. Course vectoring symbol.

CWI. Continuous-wave illuminator.
D

D/A. Digital-to-analog.

dB. Decibel.

dc. Direct current.

DCP. DFCS control panel.

DD. Digital display.

DDD. Detail data display.

DDI. Digital data indicator.

DDS. Data Display Dystem; Digital Data System.

DECM. Defensive electronic countermeasure.

deg/sec. Degrees per second.

DEST. Destination.

DF. Direction finder.
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DFCC. Digital flight control computer.
DFCS. Digital Flight Control System.
DFM. Dogfight mode.

DG. Directional gyro.

DGR. Degrade (DFCS).

D/L. Data link.

DLC. Direct lift control.

DLM. Data logging module.

DLS. Data-link transceiver.

DMA. Degraded mode assessment.
DME. Distance measuring equipment.
DPGS. Data processing ground station.
DRO. Destructive readout.

DS. Detection sensitivity.

DSS. Data storage set.
DTF. Differential tail fadeout.
DTM. Data transfer module.
E
EAC. Expected approach clearance time.
EAS. Equivalent airspeed.

ECA. Expanded chaff adapter.

ECCM. Electronic counter-countermeasures.
ECM. Electronic countermeasures.

ECMD. Electronic countermeasures display.
ECS. Environmental control system.

ECU. Environmental control unit.

EHE. Estimated horizontal error.
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EGI. Embedded GPS/INS. FOV. Field of view.

EGT. Exhaust gas temperature. FRL. Fuselage reference line.

EIF. Exposure interval factor. FRS. Fleet replacement squadron.

EIG. Engine instrument group. FTCM. Flight test continuous monitoring.
EMCON. Electronic radiation control. FWD. Forward.

EMSP. Engine monitoring system processor.

ETA. Estimated time of arrival. G. Guard channel.

F g. Gravity.

G/A. G d to air.
FAM. Familiarization. round o air

) ] GACH. Gimble angle crosshair.
FCF. Functional checkflight.

GC. Gyro compass.
FCLP. Field carrier landing practice.

GCA. Ground-controlled approach.
FCS. Flight control system, fire control set.

GCl. Ground-controlled intercept.
FD. Fault direction.

GCU. Generator control unit.
FEMS. Fatigue Engine Monitoring System.

GDOP. Geometric dilution of precision.
FF. Fuel flow.

GHz. Gigahertz.
FF/DL. Fighter-to-fighter data link.

GPS. Global Positioning System.

Fl. Fault isolation.
GRB. Ground roll braking.

FL. Flicht level.
g feve GRD. Grid data.

FLC. Film motion compensation. GSS. Gun Scoring System.

FLOLS. Fresnel Lens Optical Landing System. GT. Ground track.

FLRP. Fighter link reference point. H

FMC. Fighter mode command/film motion HCU. Hand control unit.
compensation/F-14 mission computer.

HDG. Heading.
FMI. Flight maintenance indicator.

HERO. Hazards of electromagnetic radiation to

FMLP. Field mirror landing practice. ordnance.
FOD. Foreign object damage. HRWS. Hot range while search.
FOM. Figure of merit. HSD. Horizontal situation display.
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HSI. Horizontal situation indicator.
HUD. Heads-up display.

HYD. Hydraulic.

Hz. Hertz.

I
IAS. Indicated airspeed.
IBIT. Initialized built-in-test.
ICAO. International Civil Aviation Organization.
ICS. Intercommunications.
IDG. Integrated-drive generator.
IEU. Inertial electronics unit.
IFF. Identification friend or foe.
IFR. Instrument flight rules.
IFT. In-flight training.
IGV. Inlet guide vane.
ILS. Instrument Landing System.
IMA. In motion alignment.
IMC. Instrument meteorological conditions.
IMN. Indicated Mach number.
IMU. Inertial measurement unit.
INBD. Inboard.
InHg. Inch of Mercury.
INIT. [Initialization.
INS. [Inertial Navigation System.

IP. Initial point.

IR. Infrared.
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IRCM. Infrared countermeasures.
IRLS. IR line scanner.
IRNR. IR not ready.
IROT. IR/TV on target.
IRRS. Infrared reconnaissance set.
IRW. IR wide.
ITER. Improved triple ejector rack.
ITS. Integrated trim system.

J
JAT. Jam angle track.

K

KCAS. Knots calibrated airspeed.
kHz. Kilohertz.
KIAS. Knots indicated airspeed.
KTS. Knots.
kVA. Kilovolt-ampere.
L
LARI. Lateral automatic rudder interconnect.
LAT. Latitude.
LBA. Limits of basic aircraft.
LCD. Liquid crystal display.
LCOS. Lead computing optical sight.
LD. Landing.
LE. Leading edge.
LONG. Longitude.
LOROP. Long-range oblique photography.

LOS. Line of sight.
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LOX. Liquid oxygen.

LPA. Life preserver assembly.

LS. Line scanner.

LSK. Line select key.

LSO. Landing signal officer (Paddles).
LSRI. Lateral stick-to-rudder interconnect.
LSXC. Low speed cross control.

LTE. Launch to Eject.

M. Mach.

MAC. Mean aerodynamic chord.
MAD. Magnetic azimuth detector.
MAG VAR. Magnetic variation.
MAS. Missile auxiliary subsystem.
MATS. Missile auxiliary test.
MAX. Maximum.

MBE. Mux bus emulator.

MCM. Monitor control message.

MCT. Memory confidence test.

MDIG. Multipurpose display indicator group.
MDL. Mission data loader.

MDP. Mission data processor.

Meatball.
System.

Glideslope Image of Mirror Landing

MEC. Main engine control.
MER. Multiple ejector rack.

MFD. Multifunction displays.
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MGRS. Military Grid Reverence System.
MH. Magnetic heading.
MHz. Megahertz.
MIL. Military.
MITS. Missile interface test set.
MLC. Mainlobe clutter.
MLG. Main landing gear.
MOAT. Missile on aircraft test.
MMGS. Multiple mode gun sight.
MR. Maintenance readout.
MRT. Military rated thrust.
MSL. Mean sea level.
MTDS. Marine Tactical Data System.
MTM. Magnetic tape memory.
MWOD. Multiple word of the day.
N
NAG. Air-to-ground mode.
NATO. North Atlantic Treaty Organization.

NATOPS. Naval air training and
procedures standardization.

operating

NATSF. Naval Air Technical Services Facility.
NAV BUS. Navigation bus.

NAV GRID. Navigation command and control grid.
NDRO. Nondestructive readout.

NED. North/east/down.

NESA. Nose equipment support assembly.

NFL. Notch filter left.
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NFO. Naval flight officer. PAN. Panoramic.

NFOV. Narrow field of view. PAP. Precision approach point.
NFR. Notch filter right. PAR. Precision approach radar.
nm. Nautical miles. PBIT. Periodic built-in test.
NOTAM. Notices to airmen. PC. Pulse compression.

NOZ. Nozzle. PCD. Precision course direction.

NPS. Navigation power supply. PCL. Pocket checklist.

NR. Number. PD. Pulse Doppler.

NRNG. No range. PDCP. Pilot display control panel.

NTDS. Naval Tactical Data System. PDS. Pulse Doppler search.

NVIS. Night Vision Imaging System. PDSTT. Pulse Doppler single target track.

NWP. Naval warfare publication.. PGU. Improved round for the M-61 gun (new bullet).

NWPM. Non-write-protected memory. PH. Phoenix missile.

PID. P identification.
NWS ENGA. Nosewheel steering engaged. rogram icentitication

PIO. Pilot-induced oscillation.
Ni. Low-pressure compressor rotor speed.

) PLM. Pilot lock-on mode.
N,. High-pressure compressor rotor speed.
PMDIG. Programmable multiple display indicator
0 group.

OAT. Outside air temperature. PP. Peak power.

OBC. On-board check. PPC. Powerplant charge.

OFS. Operational flight software. pph. Pounds per hour.
OFT. Operational flight trainer. PPI. Plan position indicator.
OUTBD. Outboard. PPS. Precise Positioning System.
OV SWP. Oversweep. PQVM. Pitch/roll voter monitor.
OWF. Overwing fairing. PRF. Pulse repetition frequency.
OXY. Oxygen. PRIL. Primary.

P PS. Pulse search.
Paddles. Landing signal officer. Ps. Static pressure.
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psi. Pounds per square inch.

PSTT. Pulse single target track.

PSU. Power switching unit.

PT. Engine power trim.

P;. Total pressure.

PTID. Programmable tactical information display.
PTO. Pilot takeover.

Pt7. Turbine exhaust pressure.

Q

gq. Dynamic pressure.

QADL. Cue-to-ADL.
QDES. Cue-to-designate.
QHUD. Cue-to-HUD.
QSNO. Cue-to-snowplow.

QWP. Cue-to-waypoint.

R
RACH. Radar angle crosshair.
RARI. Rudder automatic rudder interconnect.
RATS. Reduced Arrestment Thrust System.
RDO. Recovery duty officer.
RDR. Radar.
RDROT. Radar on target.
RDY. Ready.
REC. Receive.
RECON. Reconnaissance.

RET. Retract.

rf. Radio frequency.
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RID. Reject image device.
RIO. Radar intercept officer.
RLG. Ring laser gyro.
RNAV. Area navigation.
ROM. Read-only memory.
ROT. Range on target.
rpm. High-pressure compressor rotor speed (N3).
RSTV. Radar slaved TV.
RWR. Radar warning receiver.
RWS. Range while search.

S

SA. Semiautomatic acquisition mode.

SAl. Situational awareness indicator.
SAL. Semi-active launch.

SAM. Surface-to-air missile.

SAR. Search and rescue.

SAS. Stability Augmentation System.

SC. Sensor control.

SCADC. Standard central air data computer.
SCP. Sensor control panel.

SDC. Signal data converter.

SEAM. Sidewinder expanded acquisition mode.
SEAWARS. Scawater-activated Release System.
SEC. Secondary.

SEP. Spherical error probable.

SIF. Selective identification feature.



SINS. Ship Inertial Navigation System.
SP. Sparrow missile.
SPAM. Special aid to maintenance.
SPS. Standard Positioning System.
STAB AUG. Stability augmentation.
STBY. Standby.
STT. Single target track.
SSI. Standard serial interface.
SW. Sidewinder missile.

T
Tacan.

Tactical air navigation.

TAC DRO. Tactical destructive readout.

TARPS. Tactical air reconnaissance pod system.

TAS. True airspeed.

TCA. Turbine compressor assembly.
TCR. Time code readout.

TCS. Television camera set.

TDRS. Tactical Data Recording System.
TDS. Tactical Data System.

TED. Trailing edge down.

TER. Triple ejector rack.

TEU. Trailing edge up.

TIT. Turbine inlet temperature.
TNG. Training.

TOD. Time of day.

TOF. Time of fall.
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TOT. Time on target.

T/R. Transformer-rectifier.

TREL. Time-to-release.

TRK. Track.

TS. Static temperature.

Ts. Free air temperature.

TSPS. Targeting set power supply.
Tto. Compressor inlet temperature.
Tt4. Compressor discharge temperature.

TTFF. Time to first fix.

TV. Television.

TVS. Television search.
TVT. Television track.
TWS. Track while scan.
U
UHF. Ultra-high frequency.
UHT. Unit horizontal tail.
UTC. Universal Coordinated Time.
UTM. Universal test message.
Vv
Vac. Volts alternating current.

Ve. Closing velocity rate.

vC. Computed/calculated MAG VAR.
Vdc. Volts direct current.
VDI. Vertical display indicator.

VDIG. Vertical display indicator group.

VEC. Vector.
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VERT. Vertical. V4. Critical engine failure speed.
VFR. Visual flight rules. w

Vg/H. Velocity/height. WCP. Weapons control processor.
V/H. Velocity altitude factor (Vg/H). WCS. Weapons Control System.
VID. Visual identification. WEOV. Wide field of view.

VM. Manual MAG VAR. WOD. Wind over the deck/word of the day.

VMC.  Visual meteorological conditions. WOW. Weight on wheels or weight off wheels.

VMCG. Minimum control groundspeed. WP. Way point.

VMCU. Voltage monitor control unit.
g WPM. Weapons program memory.

Vmin and Vmax. Minimum and maximum
WRA. Weapons replaceable assembly.

velocity.
VNAV. Vertical navigation. WRS.  Wing rock suppression.
VR. Rotation speed. WST. Weapons system trainer.
VSI. Vertical speed indicator. Y
VSV. Variable stator vane. YY. Geographic reference point for NAV GRID.
VTR. Video tape recorder. y4
VV. Vertical velocity. ZFGW. Zero fuel gross weight.
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PREFACE

SCOPE

The NATOPS Flight Manual is issued by the
authority of the Chief of Naval Operations and under the
direction of Commander, Naval Air Systems Command
in conjunction with the Naval Air Training and
Operating Procedures Standardization (NATOPS) Pro-
gram. This manual contains information on all aircraft
systems, performance data, and operating procedures
required for safe and effective operations. However, it
is not a substitute for sound judgment. Compound
emergencies, available facilities, adverse weather or
terrain, or considerations affecting the lives and
property of others may require modification of the
procedures contained herein. Read this manual from
cover to cover. It is your responsibility to have a
complete knowledge of its contents.

APPLICABLE PUBLICATIONS

The following applicable publications complement
this manual:

NAVAIR 01-F14AAP-1.1 (Performance Charts)

NAVAIR 01-F14AAA-1A (Supplemental)

NAVAIR 01-F14AAP-1B (Pocket Checklist)

NAVAIR 01-F14AAP-1F (Functional
Checkflight Checklist)
NWP 55-5-F14 Tactical Manual, Vol 1

(NAVAIR 01-F14AAA-IT)

NWP 55-5-F14 Tactical Manual, Vol II
(NAVAIR 01-F14AAA-IT-1)
NWP 55-5-F14 Tactical Manual, Vol III
(NAVAIR 01-F14AAA-1T-2)
NWP 55-5-F14 Tactical Pocket Guide,

(NAVAIR 01-F14AAA-IT-3)
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HOW TO GET COPIES

One-Time Orders

If this publication is needed on a one-time basis
(without future updates), order it from stock by sending
an electronic DD 1348 requisition in accordance with
NAVSUP Publication 2002D.

Automatic Distribution (with Updates)

This publication and changes to it are automatically
sent to activities that are established on the Automatic
Distribution Requirements List (ADRL) maintained by
Naval Air Technical Data and Engineering Service
Command, in San Diego, CA. If there is continuing
need for this publication, each activity’s Central
Technical Publication Librarian must send a revised
ADRL report on floppy disk to Naval Air Technical
Data and Engineering Service Command. If an activity
does not have a library, send a letter to the
Commanding Officer, Naval Air Technical Data and
Engineering Service Command, Naval Aviation Depot
North Island, Bldg. 90, Code 3.3A, P.O. Box 357031,
San Diego, CA 92135-7031, requesting assignments of
a distribution account number (if necessary) and
automatic mailing of future issues of the publications
needed.

Note

The ADRL floppy disk can be used only to
place an activity on the mailing list for
automatic distribution of future issues of the
publication. It cannot be used to make
one-time orders of publications from current
stock. To get publications from current
stock, see One-Time Orders above.

Once established on automatic distribution for this
or any other NAVAIR technical publication, an activity
must submit an ADRL report on floppy disk at least
once every 12 months to update or confirm their
automatic distribution requirements.

Note

Activities not submitting an ADRL report
on floppy disk for more than 12 months may
be dropped from distribution of all NAVAIR
technical publications.
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UPDATING THE MANUAL

To ensure that the manual contains the latest
procedures and information, NATOPS review confer-
ences are held in accordance with OPNAVINST 3710.7
series.

CHANGE RECOMMENDATIONS

Recommended changes to this manual or other
NATOPS publications may be submitted by anyone in
accordance with OPNAVINST 3710.7 series.

Routine change recommendations are submitted
directly to the Model Manager on OPNAV Form 3710/6
(4-90) shown herein. The address of the Model
Manager of this aircraft is:

Commanding Officer

Fighter Squadron 101

NAS Oceana

Virginia Beach, VA 23460
DSN: 433-5147
Commercial: (757) 433-5147

Attn: F-14B Model Manager

Change recommendations of an URGENT nature
(safety of flight, etc.), should be submitted directly to
the NATOPS Advisory Group Member in the chain of
command by priority message.

YOUR RESPONSIBILITY

NATOPS Flight Manuals are kept current through
an active manual change program. Any corrections,
additions, or constructive suggestions for improvement
of its content should be submitted by routine or urgent
change recommendation, as appropriate at once.

NATOPS FLIGHT MANUAL INTERIM CHANGES

Flight Manual Interim Changes are changes or
corrections to the NATOPS Flight Manuals promul-

ORIGINAL
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gated by CNO or NAVAIRSYSCOM. Interim Changes
are issued either as printed pages, or as a naval message.
The Interim Change Summary page is provided as a
record of all interim changes. Upon receipt of a change
or revision, the custodian of the manual should check
the updated Interim Change Summary to ascertain that
all outstanding interim changes have been either
incorporated or canceled; those not incorporated shall
be recorded as outstanding in the section provided.

CHANGE SYMBOLS

Revised text is indicated by a black vertical line in
either margin of the page, like the one printed next to
this paragraph. The change symbol shows where there
has been a change. The change might be material added
or information restated. A change symbol in the margin
by the chapter number and title indicates a new or
completely revised chapter.

WARNINGS, CAUTIONS, AND NOTES

The following definitions apply to WARNINGs,
CAUTION:S, and Notes found throughout the manual.

WARNING I

An operating procedure, practice, or condi-
tion, etc., that may result in injury or death,
if not carefully observed or followed.

CAUTION

An operating procedure, practice, or condi-
tion, etc., that may result in damage to
equipment, if not carefully observed or
followed.

Note

An operating procedure, practice, or condi-
tion, etc., that is essential to emphasize.
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WORDING procedure is recommended.

The concept of word usage and intended meaning
adhered to in preparing this Manual is as follows: 3. May. an_d need not have been gsed only when
application of a procedure is optional.

1. Shall has been used only when application of a

procedure is mandatory. 4. Will has been used only to indicate futurity, never
to indicate any degree of requirement for applica-
2. Should has been used only when application of a tion of a procedure.
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NATOPS/TACTICAL CHANGE RECOMMENDATION
OPNAYV 3710/6 (4-90) S/N 0107-LF-009-7900

DATE

TO BE FILLED IN BY ORIGINATOR AND FORWARDED TO MODEL MANAGER

FROM (Originator)

Unit

TO (Model Manager)

Unit

Complete Name of Manual/Checklist

Revision Date

Change Date Section/Chapter Page Paragraph

Recommendation (Be specific.)

D CHECK IF CONTINUED ON BACK

Justification

Signature

Rank

Title

Address of Unit or Command

TO BE FILLED IN BY MODEL MANAGER (Return to Originator)

FROM

DATE

TO

REFERENCE

(a) Your Change Recommendation Dated

Your change recommendation dated

conference planned for

to be held at

D Your change recommendation is reclassified URGENT and forwarded for approval to
by my DTG

is acknowledged. It will be held for action of the review

ISl

MODEL MANAGER

AIRCRAFT

ORIGINAL
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F-14B TOMCAT

63/(64 blank)
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PART I

The Aircraft

Chapter 1 — Aircraft and Engine
Chapter 2 — Systems
Chapter 3 — Servicing and Handling

Chapter 4 — Operating Limitations

65/(66 blank)
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CHAPTER 1

Aircraft and Engine

1.1 AIRCRAFT

The F-14B aircraft is a supersonic, two-place,
twin-engine, swing-wing, air-superiority fighter
designed and manufactured by Grumman Aerospace
Corporation. In addition to its primary fighter role,
carrying missiles (Sparrow and/or Sidewinder) and an
internal 20-millimeter gun, the aircraft is designed for
fleet air defense (Phoenix missiles) and ground attack
(general purpose and precision ordnance) missions.
Armament and peculiar auxiliaries used only during
secondary missions are installed in low-drag, external
configurations. Mission versatility and tactical flexibil-
ity are enhanced through independent operational
capability or integration under existing tactical data
systems.

The forward fuselage, containing the flightcrew and
electronic equipment, projects forward from the midfu-
selage and wing glove. Outboard pivots in the highly
swept wing glove support the movable wing panels,
which incorporate integral fuel cells and full-span
leading-edge slats and trailing-edge flaps for supple-
mental lift control. In flight, the wings may be varied in
sweep, area, camber, and aspect ratio by selection of any
leading-edge sweep angle between 20° and 68°. Wing
sweep can be automatically or manually controlled to
optimize performance and thereby enhance aircraft
versatility. Separate variable-geometry air inlets, offset
from the fuselage in the glove, direct primary airflow to
two F110-GE-400 dual axial-compressor, turbofan
engines equipped with afterburners for thrust aug-
mentation. The displaced engine nacelles extend rear-
ward to the tail section, supporting the twin vertical
tails, horizontal tails, and ventral fins. The middle and
aft fuselage, which contains the main fuel cells, tapers
off in depth to the rear where it accommodates the
speedbrake surfaces and arresting hook. All control
surfaces are positioned by irreversible hydraulic actua-
tors to provide desired control effectiveness throughout
the flight envelope. Stability augmentation features in
the flight control system enhance flight characteristics
and thereby provide a more stable and maneuverable
weapons delivery platform. The tricycle-type, forward-
retracting landing gear is designed for nosegear catapult

1-1

launch and carrier landings. Missiles and external stores
are carried from eight hardpoint stations on the center
fuselage between the nacelles and under the nacelles
and wing glove; no stores are carried on the movable
portion of the wing. The fuel system incorporates both
in-flight and single-point ground refueling capabilities.
Aircraft general dimensions are shown in Figure 1-1.
FO-1 and FO-2 show the general placement of
components within the aircraft.

1.1.1 Aircraft Weight. The basic empty weight of
the aircraft when configured to the current fleet
specification is approximately 43,600 pounds. This
includes trapped fuel, oil, gun, sub pylons (without
missile rails/launchers) and aircrew. Consult the appli-
cable Handbook of Weight and Balance (NAVAIR
01-1B-40) for the exact weight of any series aircraft.

1.1.2 Cockpit. The aircraft accommodates a two-
man crew consisting of a pilot and RIO in a tandem
seating arrangement. To maximize external field of
view, stations within the tandem cockpit are promi-
nently located atop the forward fuselage and enclosed
by a single clamshell canopy. Integral boarding provi-
sions to the cockpit and aircraft top deck are on the left
side of the fuselage. Each crew station incorporates a
rocket ejection seat that is vertically adjustable for crew
accommodation. A single environmental control sys-
tem provides conditioned air to the cockpit and
electronic bays for pressurization and air-conditioning.
Oxygen for breathing is supplied to the crew under
pressure from liquid storage bottles. The cockpit
arrangement provides minimum duplication of control
capability that, of necessity, requires two crewmen for
flight.

1.1.2.1 Pilot Cockpit. The forward station of the
cockpit is arranged and equipped for the pilot. In
addition to four electronic displays for viewing tactical,
flight, navigational, and ECM data, the pilot instrument
panel also contains armament controls and flight and
engine instruments.
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Figure 1-1. Aircraft Dimensions

Engine controls, fuel management, auxiliary
devices, autopilot and communication control panels
are on the left console. Display, power, lighting, and
environmental controls are on the right console.

1.1.2.2 RIO Cockpit. The aft station of the cockpit
is equipped for the RIO. This instrument panel contains
controls and displays for the AN/AWG-9 airborne
weapon control system, an ECM display, and naviga-
tional flight instruments. Armament controls, sensor
controls, keyboard panels, and communication panels
are on the left console. The right console contains a
navigational display, ECM controls, data-link controls
and lighting, and the identification friend or foe panel.
Refer to FO-3 and FO—4 for illustrations of cockpit
arrangements.

1.1.3 Electronic Nomenclature. Figure 1-2is an
alphabetical listing of the tactical, communication,
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navigation, flight control, and instruments in the
aircraft.

1.1.4 Technical Directives. As technical changes
are made to the aircraft, those that affect aircraft
operation or pilot and RIO need-to-know operation will
be incorporated in the appropriate sections and listed in
the Summary of Applicable Technical Directives in the
front of this manual. In some instances, technical
directives may be incorporated on the aircraft while it
is still on the production line before delivery. Check the
technical directives section of the aircraft logbook for
applicable modifications. The following are types of
technical directives used in this manual:

AAC Aviation Armament Change
ACC Aircrew System Change
AFC Airframe Change

AVB Avionics Bulletin

AVC Avionics Change

AYC Accessories Change
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TACTICAL
AIRBORNE WEAPON CONTROL SYSTEM .. ... AN/AWG-9
CENTRAL AIR DATA COMPUTER . ... e CPU-175/A
CHAFF DISPENSING SET . ...t e et e AN/ALE-39
COMPUTER SIGNAL DATA CONVERTER(R) . ... e CP-1448A/A
CONTROL INDICATOR/BUS CONTROLLER . . ... e AN/AWG-15H
DATA DISPLAY SYSTEM . ..o i AN/ASQ-172
DIGITAL DATA LINK . e AN/ASW-27B/C
ELECTRONIC COUNTERMEASURES SET ... ... e AN/ALQ-126A/B
F-14 MISSION COMPUTER (FMC) . ... e CP-2213/AWG-9
FUZE FUNCTION CONTROL SET ... e AN/AWW-4
GUN CONTROL UNIT . e e e e e e e C-8571/A
IFF INTERROGATOR SET .. e e e e e AN/APX-76B
IFF TRANSPONDER SET . ... e AN/APX-72
IR RECONNAISSANCE SET . ... e AN/AAD-5
INTERFERENCE BLANKER . ... .. . e MX-10161/A
LANTIRN CONTROL PANEL . ... o e C-12500/AAQ-25
MISSION DATA LOADER . ... e AN/ASQ-215
PANORAMIC CAMERA . KA-99A/93
PROGRAMMABLE MULTIPLE DISPLAY INDICATORGROUP ...t CP-2212B/ASA-79
PROGRAMMABLE TACTICAL INFORMATION DISPLAY . .. ... IP-1643A/A
RADAR WARNING SET ... et e AN/ALR-67
SERIAL FRAME CAMERA . .. KS-87B
TACTICAL CONTINGENCY POD . ... e e AN/ALQ-167
TACTICAL IMAGING SET (FTI) . ..o e AN/AVX-3
TARP S PO ... LA-610
TELEVISION CAMERA SET ... e C-10157
VERTICAL DISPLAY INDICATOR GROUP . ... e AN/AVA-12
COMMUNICATION
CRYPTOGRAPHIC SYSTEM ... e TSEC/KY-58
INTERCOMMUNICATIONS SYSTEM . ... i LS-460/B
UHF COMMUNICATIONS SET .. ... e AN/ARC-159(V)5
VHF/UHF COMMUNICATIONS SET ... e AN/ARC-182
NAVIGATION
ATTITUDE HEADING REFERENCE SET . ... .. A/A24G-39
CONTROL DISPLAY NAVIGATION UNIT ... e C-12284/A
CRYPTO LOAD PANEL ... e A51AM1112-1
EMBEDDED GPS/INS . ... CN-1689(V) 8/ASN
RADAR ALTIMETER . .. e AN/APN-194(V)
RADAR BEACON AND AUGMENTOR SET ....... ... AN/APN-154B(V) and R-1623
RECEIVER DECODER GROUP . . ... e AN/ARA-638
SIGNAL DATA CONVERTER . ... e e CV-4138/A
TACTICAL NAVIGATION SET . ... e AN/ARN-84(V)
UHF-DF DIRECTIONAL FINDER . ... e AN/ARA-50
FLIGHT CONTROL AND INSTRUMENTS
AIR INLET CONTROL PROGRAMMER ... .. e C-8684B/A
AIRSPEED AND MACH NUMBER INDICATOR . ... e AVU/-24/A
APPROACH POWER CONTROL SET ... .. i AN/ASW-105
DIGITAL FLIGHT CONTROL SET .. ... e AN/ASW-59
BEARING DISTANCE HEADING INDICATOR .. ... e ID-663-D/U
COCKPIT ALTIMETERS ... e AAU-19/A
VERTICAL VELOCITY INDICATOR . ..o e AAU-18A
STANDBY COMPASS . .. AQU-5/A

Figure 1-2. Electronic Nomenclature

1-3
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1.1.5 Block Numbers. The following production
block numbers correspond to aircraft serial numbers
(BuNo). Selected block 115 through 130 aircraft are
updated to F-14B/block 145 configuration.

Block No. Serial No. (BuNo)
115 161287
120 161416-161442
161444
125 161599
161601

ORIGINAL
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Block No.
125

130

145
150
155

Serial No. (BuNo)
161608
161616
161851
161870
161871
161873

162910-162927
163215-163229
163407-163418
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CHAPTER 2

Systems

2.1 AIRINLET CONTROL SYSTEM

The purpose of the AICS is to decelerate supersonic
air and to provide even, subsonic airflow to the engine
throughout the aircraft flight envelope. The AICS
consists of two variable geometry intakes, one on each
side of the fuselage at the intersection of the wing glove
and fuselage. Intake inlet geometry is varied by three
automatically controlled hinged ramps on the upper
side of the intakes. The ramps are positioned to
decelerate supersonic air by creating a compression
field outside the inlet and to regulate the amount and
quality of air going to the engine. The rectangular
intakes are spaced away from the fuselage to minimize
boundary layer ingestion and are highly raked to
optimize operation at high angle of attack.

Inlet ramps are positioned by electrohydraulic
actuators, which respond to fixed schedules in the AICS
programmers. Separate programmers, probes, sensors,
actuators, and hydraulic power systems provide com-
pletely independent operation of the left and right air
inlet control systems. Figure 2-1 shows the basic
elements of AICS mechanization.

Electrical power for the AICS programmers is
provided by the ac and dc essential No. 2 buses. The
ramp stow function is powered by the dc essential No.
1 bus. Hydraulic power is supplied individually to the
left AICS from the combined hydraulic system and to
the right AICS from the flight hydraulic system. The left
AICS programmer also functions as a wing-sweep
backup computer.

2.1.1 Normal AICS Operations. No pilot control
is required during the normal (AUTO) mode of
operation. Electronic monitoring in the AICS detects
failures that would degrade system operation and
performance (refer to AICS BIT). AICS caution lights
(L and R INLET, L and R RAMPS) and INLET RAMPS
switches are shown in Figure 2-2.

Sectional sideviews of representative variable
geometry inlet configurations scheduled by AICS
programmers and descriptive nomenclature are shown
in Figure 2-3.

2.1.1.1 Ground and Low-Speed. During ground
static and low-speed (Mach <0.35) operation, the inlet
ramps are mechanically restrained in the stowed
(retracted) position. The predominant airflow is con-
centrated about the lower lip of the inlet duct and is
supplemented by reverse airflow through the bleed door
around the forward lip of the third ramp. As flight speed
is increased to 0.35 Mach, hydraulic power is ported to
the ramp actuators, but the ramps are not scheduled out
of the stowed position until Mach 0.5 (Figure 2-4). The
bleed slot bleeds low-energy, boundary-layer air from
the movable ramps.

2.1.1.2 Subsonic and Transonic Speeds. At
airspeeds greater than 0.5 Mach, the ramps program
primarily as a function of Mach for optimum AICS
performance. At transonic speeds, a normal shock wave
attaches to the second movable ramp. The third ramp
deflects above 0.9 Mach to maintain proper bleed slot
height (Ah) for transonic and low-supersonic flight. At
supersonic speeds, four shock waves compress and
decelerate the inlet air. The bleed slot removes bound-
ary layer air and stabilizes the shock waves. This design
results in substantially higher performance above Mach
2 than simpler inlet designs.

2.1.2 AICS Test. Two types of AICS tests are
provided to check the general condition of the AICS and
to pinpoint system components causing detected fail-
ures: AICS built-in test and onboard check.

2.1.2.1 AICS Built-In Test. BIT in the AICS
computer programmer is automatically and continually
initiated within the programmer to check AICS
components when the programmer is energized.
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Figure 2-1. AICS Control System
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0BG RRS

NOMENCLATURE FUNCTION

@ INLET RAMPS switches AUTO — Inlet ramp position is determined by the AICS programmer.

STOW — Electrically commands the respective inlet ramp actuator to the
stow position; opens the appropriate hydraulic shutoff valve.

WARNING I

® DO NOT takeoff with the INLET RAMPS switches in STOW.
Hydraulic power is on and may drive the ramps out of the
stow locks during certain servocylinder failure modes
causing an engine stall.

e If wing sweep advisory light illuminates, cycling L AICS circuit
breaker (LF2) may cause unintentional wing sweep unless
WING SWEEP DRIVE No. 1 (LE1) and WG SWP DR No.
2/MANUV FLAP (LE2) circuit breakers are pulled.

Note

Cycling either AICS circuit breaker while airborne may result in
DFCS air data failures, illuminating the FCS CAUTION and ARI
DGR lights, and cause degraded control system capability.
MASTER RESET should restore normal operation once the
cb(s) are reset.

@ RAMPS caution light Indicates ramps not positioned in either stow or trail locks during critical
flight conditions (see Figure 2-5).

Figure 2-2. AICS Control and Indicators (Sheet 1 of 2)
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NOMENCLATURE

FUNCTION

@ INLET caution light

AICS FAILURE

illuminates.

Indicates AICS programmer/system failure: Reduce airspeed to Mach 1.2
and check AICS acronym for failure indication.

Less than Mach 0.5: Ramps should be restrained by actuator stow locks.

Greater than Mach 0.5: Ramp movement is restrained by trapped hydraulic
pressure and mechanical locks, depending on Mach when INLET light

Greater than Mach 0.9: Ramp movement is minimized by actuator spool
valves and the aerodynamic load profile in this Mach range and a RAMP
light should illuminate.

Figure 2-2. AICS Control and Indicators (Sheet 2)

The operational status of the AICS depends on
BIT-detected failures in AICS components. Failures of
static or total pressure sensors, ramp Nos. 1, 2, or 3
positioning, programmer continuous end-to-end BIT,
or hydraulic pressure to any of the ramp actuators would
seriously degrade AICS performance. Detected failures
of these items cause the AICS to automatically transfer
to a significantly degraded fail-safe mode of operation,
indicated by illumination of an INLET caution light.

Detected failures of angle of attack, engine fan
speed, or out-of-calibration detection of the difference
between Py and P; (AP), P or P, sensors will cause the
AICS to revert to the slightly degraded fail-operational
mode of operation. Nominal values of angle of attack,
total temperature, or engine fan speed are substituted for
the failed values in the AICS programmer without
illumination of an INLET caution light.

In both fail modes of operation, detected failures are
continuously registered by the in flight performance
monitoring system and displayed with air inlet control
acronyms on the horizontal situation display and the
tactical information display (Figure 2-6 and Figure 2-7).

2.1.2.2 AICS Onboard Check. OBC, initiated by
the pilot during poststart or ground maintenance checks,
performs a dynamic check of the left and right AICS. In
addition to the regular AICS BIT program, sensor
calibration checks are made. The status of the program-
mer electronics and the ramp actuators are checked
throughout an altitude and airspeed schedule as pseudo-
pneumatic inputs to the programmer are varied to
simulate a flight sequence of maximum airspeed
condition and back to static sea-level conditions within

ORIGINAL

65 seconds. This cycles the ramp actuators through their
full range, illuminates the ramp lights, exercises the
complete AICS for preflight failure detection, and
ensures the ramps are in their stow locks. OBC is the
only way to ensure stow lock integrity since it verifies
the ramps are in the stowed position and then removes
ramp hydraulic power. Detected AICS failures are
indicated by AIC acronyms or AIC acronym(s) with
associated INLET caution light(s) displayed after
completion of OBC.

Note

e With INLET RAMP switches in STOW,
AICS OBC will fail test and INLET
lights will illuminate.

® [f the engine enters secondary mode
during OBC, the ramps will stow and fail
OBC. To re-initiate OBC, select primary
mode and reset the AICS.

2.1.3 AICS Failure Modes of Operation. AICS
mode of operation following a BIT detected failure may
be either fail-operational mode (Figure 2-6) or fail-safe
mode (Figure 2-7).

2.1.3.1 Fail-Operational. Failures in the air inlet
control system are detected by the AICS programmer,
which automatically initiates appropriate corrective
action. Mode entry is indicated by the display of a fail
operational AIC acronym. The fail-operational mode
results in no significant degradation in AICS operation
and the mission can be continued without any flight
restrictions or corrective action by the pilot.
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FLIGHT | HYDRAULIC POWER ACTIVATOR POSITION
CONDITION RAMP ACTUATORS RAMP NO. 1 RAMP NO. 2 RAMP NO. 3
M < 0.35 OFF Mechanically restrained by stow locks in stowed position; electrical
stow commands output from AICS programmer.
M >0.35 to ON Electrical stow commands output from AICS programmer.
<0.5
M >0.5 10 <2.2 ON Variable position scheduled by AICS programmer as a function of
mach number and angle-of-attack. Ramps no. 1 and no. 2 begin
positioning at mach 0.5, ramp no. 3 begins at mach 0.9.
M >2.2 ON Variable position scheduled by AICS programmer as a function of
mach number.

Figure 2-4. AICS Normal Operating Mode

GEAR HANDLE DOWN

INLET RAMPS SWITCH IN STOW

W
AND
RAMP NO. 2 NOT IN STOW LOCKS D_l— —

OR
RAMP NO. 3 NOT IN STOW LOCKS

HYDRAULIC SHUTOFF VALVE
DEENERGIZED (MACH < 0 35
AND/OR AICS FAILURE)

RAMP NO. 1 NOT IN TRAIL

OR
RAMP NO. 3 NOT IN STOW ) 14B-F05

Figure 2-5. Ramp Monitor Logic

Note indicated by the display of a fail-safe AIC acronym and
Transferring to SEC mode will revert the illumination of the appropriate INLET caution light.
AICS programmers to the REV 4 Under these conditions, the AICS programmer provides
(TE-30/F14A) schedule because of the loss a shutoff signal to close the ramps’ hydraulic shutoff
of the AFTC N speed signal and will display valves. If the hydraulic shutoff valve closes below Mach

0.9, the ramps are normally in a safe configuration (No.
1 ramp within trail locks, No. 3 ramp in stow locks, and
No. 2 ramp is restrained by trapped hydraulic pressure.)
Engine operations may be successful below 1.2 IMN in
this configuration; however, corrective procedures shall

an S4 acronym. Below 25,000 feet and at
airspeeds greater than 1.1 IMN, unloading
the aircraft to less than 1g will reduce inlet
stability and may result in inlet buzz and
possible engine stall. To restore full REV 5

(FI10/F14B/D) schedule and eliminate S4 be performed.
acronym following an airborne engine mode
reset to PRI, recycle AICS circuit breakers at Note
constant subsonic Mach number. Fail-safe operations result in a slight degra-
dation of cruise and excess thrust perfor-
2.1.3.2 Fail-Safe. The fail-safe mode results in mance because of the off-optimum
significantly degraded AICS operation. Mode entry is configuration.

ORIGINAL 2-6
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FAILURE
MAINTENANCE
READOUT ACRONYM | DETECTED FAILURE CAUSE RESULT
AIC S1, S2 P P; or Programmer Limits exceeded. Ramps may not program during
(Possible only during | out of calibration. OBC. Reset AICS L and R circuit
OBC) breakers (LF2, LG2) prior to
attempting another OBC.

NONE Engine fan speed RPM | Loss of engine fan Substitutes 7,300 RPM. Ramps do

from AFTC. speed signal. not program during OBC.

AIC S3 None None Mask continuous monitor (CM) so
that subsequent AIC acronyms are
displayed.

AIC S4 Angle-of-attack or Limits exceeded. IN FLIGHT: Substitutes +2°

engine fan speed. angle-of-attack or 7,300 RPM.

AIC S4 Alpha delta pressure Limits exceeded. Aug- ® Substitutes +2°

(During OBC) sensor out of calibra- menter fan temperature angle-of-attack value
tion or engine fan controller (AFTC) may until reset
d be i d de.
spee © I secondary mode ® Substitutes 7,300 RPM.
AIC A4 Open wire Open wire None
Note

AIC symbol has L or R appended (AICL, AICR) to identify on which side failure was detected.

Figure 2-6. Fail Operational Mode — No INLET Light

If the hydraulic shutoff valve closes above Mach
0.9, the ramps are normally in an unsafe configuration
and the appropriate RAMPS caution light will accom-
pany the INLET caution light (Figure 2-5). Above
Mach 0.9, the No. 3 ramp normally begins program-
ming below the actuator stow lock. When the fail-safe
mode is entered above Mach 0.9, the unpowered No. 3
ramp will eventually move and may cause compressor
stalls at higher power settings. The aircraft shall be
decelerated below 1.2 IMN, and the appropriate INLET
RAMPS switch shall be selected to STOW.

CAUTION

Do not select STOW at speeds greater than
1.2 IMN. Compressor stalls may occur
because of ramp mispositioning.

2.1.3.3 Stow Mode of Operation. STOW com-
mands the appropriate hydraulic shutoff valve to open
and provides a direct electrical signal to the ramp
actuators, porting hydraulic pressure directly to the
retract side of the actuator. When the ramps are retracted
to the stow position, the RAMPS light will extinguish
and the stow locks should remain engaged even if

2-7

hydraulic power is subsequently lost. Once in the stow
position, AICS programmer-detected electronic fail-
ures may be reset below Mach 0.5.

2.1.3.4 Hydraulic  Shutoff and Dump
Inhibit. The AICS hydraulic systems include a
hydraulic shutoff valve to control hydraulic system
pressure. The hydraulic shutoff valve is normally
controlled by the AICS programmer, which removes
the hydraulic-on signal below 0.35 IMN or in the event
of a programmer failure. The STOW position of the
INLET RAMPS switch bypasses the AICS programmer
to energize the hydraulic shutoff valve, providing
pressure for ramp motion. To ensure hydraulic pressure
is shut off, the respective AICS programmer must be
deenergized by pulling the circuit breaker (LF2, left or
LG2, right) and the INLET RAMPS switch placed in the
AUTO position.

Note

Cycling either AICS circuit breaker while
airborne may result in DFCS air data fail-
ures, illuminating the FCS CAUTION and
ARI DGR lights, and cause degraded control
system capability. MASTER RESET should
restore normal operation once the cb(s) are
reset.

ORIGINAL
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FAILURE RESULT
MAINTENANCE
READOUT ACRONYM | DETECTED FAILED CAUSE MACH <0.5 MACH >0.5
AIC P AICS programmer (P) | Failed end-to-end BIT | Hydraulic shutoff | Ramp movement
valve remains is restrained by
closed. Ramp actuator
AIC St Static pressure (Pg) Minimum or maximum | actuators remain | mechanical locks
limits exceeded mechanically if failure occurred
restrained within | with ramps within
stow locks, pro- |[locks. Otherwise
AlC S2 Total pressure (Py) vided they failed | ramp(s) move
within stow locks. | slowly with aero-
dynamic loads.
AIC A1 Ramp No. 1 Sustained command
and feedback error
AIC A2 Ramp No. 2
AIC A3 Ramp No. 3
AIC A1, Hydraulic pressure Sustained error due to Ramp(s) may
AIC A2, loss of ramp No. 1, loss of hydraulic move if failure
or No. 2, or No. 3 pressure occurred with
AIC A3 ramp(s) out of
(INLET caution light mechanical
eventually illuminates locks. RAMP
>0.5 Mach) light will
illuminate.
NONE Loss of hydraulic
(No INLET caution light pressure
< 0.5MACH)
Note
AIC symbol has L or R appended (AICL, AICR) to Identify on
which side failure was detected.

Whenever the hydraulic shutoff valve closes (i.e.,
fail-safe mode entry), hydraulic spool valves in the

Figure 2-7. Fail-Safe Mode — INLET Light Illuminated

2.1.3.5 Ramp Actuator Mechanical
Positioning.

Locks/

In addition to the actuator stow locks,

ramp actuators sense the absence of pressure and block
the actuator pressure and return ports, causing a
hydraulic lock (dump inhibit). This feature reduces
ramp movement when an AICS failure occurs and the
ramps are not being restrained by mechanical actuator
locks. Although dump inhibit prevents the ramp from
rapidly extending and causing an engine stall, the ramps
will still slowly move. Under normal circumstances, the
pilot will have sufficient time to select STOW and
prevent an engine stall. F-14 flight test results show that
with dump inhibit, the time interval between illumina-
tion of a RAMPS caution light and engine stall
following an AICS failure was 15 to 40 seconds on the
ground at military (MIL) power and approximately 50
seconds at 10,000 feet at MIL power.

ORIGINAL

the first and second ramp actuators have another set of
latches (trail locks) that prevent further ramp actuator
extension after a failure within these trail locks. The
actuator stow and trail locks restrain actuator movement
in tension only. Hydraulic pressure (500 psi) is required
to disengage the lock finger latches.

Safe positioning of the ramp actuators is monitored
by the ramp monitor logic shown in Figure 2-5. A
RAMPS light should always be accompanied by an
INLET light with the landing gear handle UP. With the
landing gear handle DOWN, a RAMPS light can be
illuminated without an INLET light. The emergency
procedures in any case are the same. RAMPS lights will
extinguish when a safe configuration is attained.



Note

® Following an AICS programmer/ramps
failure, the safest configuration results
when the ramps are in the stowed posi-
tion; the programmers are disabled by
pulling the affected AICS circuit breaker
and returning the INLET RAMPS switch
to AUTO.

® Cycling either AICS circuit breaker
while airborne may result in DFCS air
data failures, illuminating the FCS CAU-
TION and ARI DGR lights, and cause
degraded control system capability.
MASTER RESET should restore normal
operation once the cb(s) are reset.

® In the event of an engine or hydraulic
failure, the following conditions exist
with respect to AICS reset.

1. If hydraulic pressure is zero, there is no need to
safe the ramps (by stowing ramps, pulling AICS
circuit breakers, and returning to AUTO) since
selecting STOW will have no effect without
hydraulic pressure.

2. If airspeed is less than 0.35 IMN, there is no need
to safe the ramps since hydraulic pressure has
already been removed and ramps should be in the
stow locks. If the ramps are not in the stow locks,
the RAMP light will illuminate when the gear
handle is lowered. If the RAMP light does
illuminate, then the ramps should be stowed and
the AICS programmer reset. Depressing MAS-
TER RESET following an AICS programmer
reset should restore normal DFCS operation.

3. If hydraulic pressure is greater than zero and
airspeed is greater than 0.35 IMN, then following
an engine failure or hydraulic emergency the
ramps should be stowed and, if time allows, the
programmer reset. This will ensure that if the
ramp is out of the stow lock (as is normal above 0.5
IMN), it will be returned to the stow lock and kept
there for landing regardless of subsequent hydrau-
lic or electrical malfunctions.

2.1.3.6 AICS Failure In-Flight Operation. Most
AICS failures occurring in flight do not require rapid
pilot response because of system design features for
fail-safe operation. In flight, the No. 1 and 2 ramps tend
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to blow back to the stow position or are restrained within
the trail locks because of aerodynamic loads. The
hydraulic restriction of all ramps during loss of
hydraulic power and after fail-safe mode entry should
prevent rapid ramp movement. Internal failure of an
actuator, especially the No. 3 ramp actuator, may allow
rapid ramp extension and cause engine stall. Addition-
ally, failure to stow the ramps in a reasonable amount of
time after INLET light illumination or inability to stow
following a hydraulic system failure may result in
compressor stalls at high-power settings. Engine start
attempts may not be successful unless the RAMPS are
stowed (RAMPS caution light extinguished).

2.1.4 AICS Anti-lce. AICS anti-ice is activated
only by selecting ON with the AICS ANTI-ICE switch
and airspeed between 0.35 to 0.9 Mach (hydraulic
power is available at 0.3 Mach). Above and below these
airspeeds, the AICS anti-ice is disabled. When the
ENG/PROBE anti-ice switch is in AUTO, the AICS
anti-ice is off. When AICS anti-ice is activated, the
AICS programmer repositions the No. 1 and No. 2
ramps to positions below the No. 3 ramp (Figure 2-8) so
that ice will not form above the No. 3 ramp.

2.2 ENGINE

The aircraft is powered by two F110-GE-400
turbofan engines (Figure 2-9) with variable exhaust
nozzles and afterburner augmentation. They are dual-
rotor engines consisting of a three-stage fan driven by
a two-stage, low-pressure turbine and a mechanically
independent, aerodynamically balanced, nine-stage
high-pressure compressor driven by a single-stage,
air-cooled, high-pressure turbine. Engine operation is
automatically regulated and maintained electrically by
the augmenter fan temperature control unit and by
throttle inputs to the main engine control.

Each engine is slung in a nacelle with the thrust axis
laterally offset approximately 4-1/2 feet from the
aircraft centerline. The installed static engine thrust at
military power (MIL) is 13,800 pounds and, at maxi-
mum afterburner power, thrust is 23,600 pounds.
Installed engine thrust at maximum AB at 0.9 M at sea
level is 30,200 pounds. Acceleration time from idle to
military power is approximately 4 seconds.

During operation, air entering the engine is directed
into the fan that initially pressurizes the air and directs its
flow into the engine core compressor and fan bypass
duct. Direction of airflow into the fan is optimized by
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Figure 2-9. Engine F110-GE-400
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variable-geometry IGVs and into the compressor by
variable geometry stator vanes. The high-pressure com-
pressor further compresses the air through the nine-stage
compressor before discharging it into the annular
combustion chamber to mix with fuel from the fuel
nozzles. This fuel-air mixture is initially ignited by the
main spark igniter in the combustion chamber. As a result
of this combustion, expanding gases drive the high- and
low-pressure turbines. Power to drive the two accessory
gearboxes is obtained from the high-pressure rotor.

From the turbine section, the exhaust gases pass into
the afterburner section and are mixed with air from the
fan bypass duct. During afterburner operation, fuel is
sprayed into this mixed airflow and ignited for addi-

tional thrust.
WARNING I

During night and/or IFR conditions, the
increased acceleration during use of after-
burner will result in inner ear disturbances
that may cause flightcrew confusion/
disorientation. The large amount of light
generated by the afterburner exhaust reflect-
ing around the aircraft will compound this
condition. These factors may result in severe
aircrew disorientation/vertigo.

2.2.1 Engine Control. The engine is controlled by
three units: the hydromechanical main engine control,
the electronic augmenter fan temperature controller,
and the afterburner fuel control. There are two modes of
operation: primary (electronic) and secondary
(mechanical) with provisions for automatic and manual
switchover to secondary. Manual selection is controlled
through the ENG MODE SELECT panel (Figure 2-10).
Automatic or manual selection of the secondary mode
illuminates an ENG SEC caution light. When one
engine reverts to secondary mode the other engine
continues in primary mode. Cycling the ENG MODE
SELECT switch may reset the AFTC if the faults are
temporary. If the change back to primary mode is
successful, the ENG SEC light will go out. Automatic
or manual selection of secondary mode is possible
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throughout the flight envelope. Selection of secondary
mode will cause a loss of fan speed signal to the AICS.

Note

SEC mode transfer while in AB may result
in pop stalls. Nonemergency manual selec-
tion of SEC mode should be performed in
basic engine.

Transferring to SEC mode will revert the AICS
programmers to the REV 4 (TF-30/F14) schedule
because of the loss of the AFTC Ny speed signal and will
display an S4 acronym. Below 25,000 feet and at
airspeeds greater than 1.1 IMN, unloading the aircraft
to less than 1g will reduce inlet stability and may result
in inlet buzz and possible engine stall. To restore full
REV 5 (F110/F14B/D) schedule and eliminate S4
acronym following an airborne engine mode reset to
PRI, recycle AICS circuit breakers at constant subsonic
Mach number.

2.2.1.1 Main Engine Control. The MEC is a
hydromechanical control that provides fuel shutoff,
variable stator vane scheduling, and main fuel metering
in both primary and secondary modes. The MEC
controls fuel flow until 59-percent rpm, and provides
high-pressure compressor rotor overspeed protection
automatically by securing fuel flow to the engine when
an overspeed condition of 110 percent is reached.

Note

To regain engine operation following an
automatic engine overspeed shutdown, the
throttle must be cycled to OFF then IDLE.

2.2.1.2 Augmenter Fan Temperature Control.
The AFTC is a modular, solid-state, electronic device
that performs control schedule computations, integra-
tion and logic functions, limit control, failure detection
and provides engine core speed (N») signal for instru-
ment display and engine fanspeed (N;) signal to the
AICS. It also controls the distribution of electrical
power to the entire engine electrical and monitoring
systems. Figure 2-11 shows the various interface signals
used by the AFTC. Normally the central air data
computer supplies Mach number value to the AFTC. If
this signal is erroneous, the AFTC assumes a default
Mach number value in order to continue operation.

ORIGINAL
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NOMENCLATURE

FUNCTION

@ ASYM LIMITER switch

@ L/R ENG MODE SELECT switch

@ L/R ENG SEC caution light

ON —

OFF —

PRI —

SEC —

Reduces AB thrust asymmetry in the event of AB blowout
or if one engine fails to light when commanded to AB. Lim-
its operating engine to minimum AB until other engine
attains minimum AB.

Either engine may operate at any AB power setting inde-
pendently of the other engine.

Primary mode, augmenter temperature fan control (AFTC)
controls main and AB fuel flow, fan inlet guide vanes,
nozzle area, and ignition.

Secondary mode, main fuel flow is scheduled hydrome-
chanically by the main engine control (MEC). AB is
inhibited.

llluminates when the engine is in secondary mode. AB operation is

inhibited for engine with light llluminated. AICS on affected engine
side reverts to fail-op mode.

Figure 2-10. Engine Mode Select Panel and ENG SEC Lights
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INPUT

RATS ENABLE

ouTPUT

FAN INLET GURDE VANES

AICS (STATIC PRESSURE)
CADC (MACH)

CORE SPEED N3)

COMPRESSOR BLEED PRESSURE
COMPRESSOR DISCHARGE PRESSURE

AUGMENTER FAN
TEMPERATURE
CONTROL 1AFTC)

MAIN ENGINE CONTROL
AFTERBURNER CONTROL
AUTOMATIC IGNITION
EXHAUST NOZZLE OIL PUMP
ENGINE MONITOR SYSTEM

FLAME DETECTION

ENGINE ALTERNATON POWER
THROTYYLE POSITION

TURBINE BLADE TEMPERATURE
ARMAMENT GAS INGESTION
AUTOMATIC THRUST LIMIT RESET

FAN SPEED (N4l

FAN INLET TEMPERATURE

FAN DISCHARGE PRESSURE

MAIN ENGINE CONTROL
EXHAUST NOZZLE CONTROL

AFTERBURNER FUEL CONTROL
FAN INLET GUIDE VANE

FEEDBACK 14502

AUTOMATIC THRUST LIMIT

RPM INDICATOR

ENG SEC LIGHTS

ENGINE CORRECTED FAN SPEED TO AICS
EXHAUST NOZZLE INDICATOR

\ INLET GUIDE VANES

Figure 2-11. AFTC Functional Relationships

WARNING

The loss of Mach number signal from the
CADC results in the loss of both airflow
limiting and idle lockup functions of the
AFTC. This may result in pop stalls at
supersonic speeds (on a cold day) at high
power and inlet buzz, resulting in pop stalls
at idle power. If this occurs, decelerate in
military power until below Mach 1.1.

2.2.1.3 AB Fuel Control. The AFC is controlled
by the AFTC for afterburner operation. The AFTC
schedules AB fuel flow ratios and provides them to the
AFC. The AFC converts ratio commands to metered
fuel flows into local, core, and fan AB fuel manifolds.
When staging up AB, local fuel flow is initiated first,
followed by core, and fan flow last. When staging down,
the reverse sequence occurs. Thrust changes are smooth
when staging up or down.

2.2.1.4 Primary Mode. In the primary mode, the
AFTC controls the MEC, AFC, and AB nozzle hydrau-
lic pump to provide optimum engine operation with
unrestricted throttle movement throughout the flight
envelope. AFTC computations are used to control basic
engine and AB fuel flow, IGV, and AB nozzle position-
ing; VSV positioning is controlled by the MEC. The
AFTC incorporates independent control schedules that
are prioritized so that the optimum amount of fuel flow
is provided to the main combustor. At any given time,
only one of these schedules is actually in control of fuel
flow. The remaining schedules are always active and are
calculating the change in fuel flow required (if any) to
attain the desired value of their assigned parameter. The
selection of the schedule in control is accomplished by
a series of minimum and maximum selectors. These
control scheduling of the following:

1. Acceleration/deceleration

2. Minimum/maximum
pressure

compressor  discharge

3. Minimum/maximum rpm

4. Fan speed limiting

ORIGINAL
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5. Maximum turbine blade temperature limiting
6. Idle lockup speed.

Other AFTC functions include engine start control,
asymmetric thrust limiting, automatic relight, and fault
detection. Fault detection automatically switches the
engine control to secondary mode in the event of core
overspeed, fan speed signal loss, AB nozzle demand full
open when not at idle or maximum AB, AFTC power
deviations, fuel flow demand full increase or full
decrease, fan speed greater than 800 rpm below
schedule and not accelerating, or throttle signal error.

2.2.1.4.1 AB Operation (Primary Mode). For
AB operational characteristics, refer to Figure 2-12.
Unrestricted throttle operation into and out of AB is
permitted throughout the flight envelope. During AB
operation, rpm, EGT, fuel flow, and nozzle position
vary with altitude and airspeed. The nozzle position will
also increase as the throttle is transitioned from
minimum to maximum AB. If an AB blowout occurs,
the auto relight feature attempts to reinitiate AB without
throttle movement. The engine has reduced AB region
of operation at high altitudes and low airspeeds. An
AFTC control feature called rich stability cutback
reduces or limits the maximum AB fuel flow in this
region to prevent AB instabilities (Figure 2-12). Indica-
tion of rich stability cutback is a nozzle position of
approximately 30 to 50 percent at maximum AB rather
than the normal 60 to 70 percent. Also because of
airflow and temperature characteristics, AB light-off
characteristics are slower at high altitudes and low
airspeeds.

2.2.1.5 Secondary Mode. Basic engine opera-
tion in SEC mode is extremely reliable. In the secondary
mode, the electronic functions performed by the AFTC
are eliminated. The MEC provides complete control of
the engine with the exception of fan speed limiting,
which is powered by the higher of 28-Vdc aircraft
electrical power or engine alternator electrical power.
SEC mode is manually selected via the ENG MODE
SELECT switch or the autopilot emergency disengage
paddle switch, or via automatic default. In SEC mode,
the exhaust nozzle is commanded full closed, the nozzle
position indicator goes to the not-powered position
(subzero indication), the IGVs are fixed full open,
high-energy ignition is continuously energized, after-
burner is inhibited, and idle lockup protection is lost.
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In SEC mode, engine stall margin is decreased at
low rpm because of IGV positioning. The fatigue
engine monitoring system engine-stall-detection circuit
is inoperative, but overtemperature warning is still
available. A low-level vibration/rumble may be sensed
in ground idle operation in secondary mode. This
vibration/rumble has no adverse affect on the engine
and disappears when the throttle is advanced slightly up
to S-percent rpm increase. Maximum thrust available at
military power in SEC mode is depicted in Figure 14-4.

CAUTION

SEC mode transfer with throttles in AB
above 450 KIAS could result in pop stalls
and damage to the IGV linkage.

Note

Non-emergency manual selection of SEC
mode on the ground should be performed in
basic engine. Non-emergency manual selec-
tion of SEC mode airborne should be per-
formed in basic engine with power set above
85-percent rpm.

2.2.1.6 Engine Alternator. Each engine’s electri-
cal system is powered by an alternator mounted on the
engine aft gearbox. The alternator consists of four
windings. Two windings are redundant in providing
power to the AFTC and its components. A third winding
provides power for both main high-energy ignition and
AB ignition. The fourth winding provides power to the
engine monitoring system processor (for fatigue engine
monitoring system), and a signal for the rpm gauge. The
last winding is also an alternate source of power for the
fan speed-limiting circuit. The fan speed-limiting
circuit may be powered by either the essential No. 2 dc
bus or the engine-driven alternator winding, depending
on which source has the highest stable output.

If engine alternator power output drops below a
preset value, engine control will automatically transfer
to SEC mode, illuminating the respective engine SEC
light. If the alternator fails because of shearing of the
engine alternator drive shaft, the respective engine SEC
light will not illuminate. Cockpit indications will be loss
of engine rpm and nozzle position indicating below
zero. If the engine reverts to SEC mode as a result of a
sheared alternator shaft, engine high-energy ignition
will not be available. In all failure modes, redundant
aircraft electrical power will be available for fan
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overspeed protection. The engine is completely oper-
able should the aircraft experience a total electrical
failure. The engine operates in either PRI or SEC mode,
which can be selected automatically or manually. In
case of a total electrical failure, all engine lights and
indicators are inoperative.

2.2.1.7 Turbine Blade Temperature
(Pyrometer). The pyrometer is a fuel-cooled, pho-
todiode, optical unit that measures infrared radiation on
the metal surface of the high-pressure turbine blades.
This temperature signal is transmitted to the AFTC and
is used to regulate engine fuel flow, which maintains
turbine blade temperature within limits. There are no
cockpit indications of turbine blade temperature.

2.2.1.8 Flame Sensor. The flame sensor is an
ultraviolet radiation sensing unit in the AB duct. During
AB operation, ultraviolet rays detected through a quartz
window activate a gas-filled sensor that electrically
transmits a flame present signal to the AFTC. Without
this signal, only minimum AB fuel flow is available. AB
will be inhibited if the flame sensor fails on.

2.2.1.9 Asymmetric Thrust Limiting. The
asymmetric thrust limiting circuit is designed to hold
both engines to minimum AB until both ABs are lit-off.
The AFTC releases the hold on the AB when both
engine AB pumps are on and both engines’ flame
sensors are on. Selecting the ASYM LIMITER switch
to OFF (guard cover up) overrides the comparison of
left and right AB status and allows each AB to operate

independently.
WARNING I

A malfunctioning or deselected asymmetric
thrust limiting system can greatly increase
the magnitude of asymmetric thrust because
of engine stall/failure.

2.2.1.10 Reduced Arrestment Thrust
System. The RATS is a feature of the AFTC provided
to reduce thrust for carrier landings to a level consistent
with carrier wind-over-deck operations. When activated,
the AFTC automatically reduces the MIL power core
speed (N») by approximately 4.5 percent. This results in
an approximate 20- to 25-percent decrease in thrust. For

ORIGINAL

purposes of comparison, this reduced thrust level is
approximately equal to MIL power of a TF-30 engine on
a cold day.

RATS employs two enabling circuits: an engine
circuit incorporated within each engine’s AFTC and an
aircraft circuit. The engine circuit is enabled by the
aircraft circuit via switch closure. Since the engine
circuit is a function of the AFTC, it is not available in
SEC mode and can be overridden in PRI mode with
selection of afterburner. The aircraft circuit is enabled
when weight is placed on either or both main landing
gears with the hook handle down or the hook out of the
stowed position. The RATS light, located on the pilot’s
advisory panel, illuminates when the aircraft circuit is
activated, but it is not an indication that the engines are
operating at reduced thrust. Illumination of the RATS
light during preflight hook drop/lights master test
verifies aircraft circuit operation.

Note

The RATS light will be illuminated any time
the aircraft circuit is enabled, even if the
engines are operating in SEC mode or the
engine circuit has been overridden by selec-
tion of afterburner.

2.2.2 Variable Exhaust Nozzle. Engine exhaust
gases at higher thrust settings are discharged through
the nozzle throat at sonic velocity and are accelerated to
supersonic velocity by the controlled expansion of the
gases. Varying nozzle throat area controls fan stall
margin, which optimizes performance.

The variable exhaust nozzle is a three-flap,
convergent-divergent type nozzle. Nozzle variation is
accomplished by axial movement of four hydraulic
actuators mechanically synchronized for geometric
stability. These hydraulic actuators use oil from a
separate compartment in the engine oil storage tank and
are operated by a hydraulic pump that responds to
AFTC signals. A failed-open nozzle may indicate an oil
leak, but if the leak is in the nozzle hydraulic circuit,
only a portion of the main engine lube oil will be lost.
During basic engine operation, the nozzle area is
modulated to a near-closed position and, in AB, the
nozzle area is infinitely variable to a full-open position.
The nozzle will go full open airborne with the throttle
at IDLE at low altitude and airspeeds. See Figure 2-13.
A gauge for each engine on the pilot instrument panel
next to the engine instruments indicates nozzle position
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in percentage from 0 to 100. Normal indication for
maximum AB is approximately 70 percent.

Note

When AFTC is operating in secondary
mode, the nozzle is commanded closed and
the exhaust nozzle indicator is inoperative.

With the landing gear handle down and weight off
wheels, the nozzle is restricted to a near-closed position
(maximum 26 percent) to prevent exhaust nozzle flap
contact with the deck/hook during landing. Five sec-
onds after weight on wheels, the nozzle resets to full
open to reduce idle power during landing rollout and
while taxiing. On deck in PRI mode with throttle above
IDLE detent, nozzle position varies linearly with
throttle position.

2.3 FATIGUE ENGINE MONITORING
SYSTEM
2.3.1 FEMS Functional Description. The

FEMS (Figure 2-14) is a solid-state, electronic unit that
provides data acquisition, processing, and storage. The
system accumulates airframe stress and fatigue data and
relevant engine performance data, both in flight and on
deck, from the engine monitoring system processors.
Engine faults detected are isolated to the appropriate
WRA or combinations of WRAs and recorded for later
transfer to the DPGS ground station for diagnostic
analysis, troubleshooting, and appropriate mainte-
nance. The DPGS also computes and stores engine parts
life-tracking and failure-trending data. This tracking of
engine data extends the life and safety of fleet aircraft
by permitting maintenance routines at periodic inter-
vals. FEMS also provides a signal to the stall warning
system that initiates a 10-second warning tone (identi-
cal to overtemperature tone) and illuminates the L or R
STALL warning light, indicating an engine stall. FEMS
will record aircraft overstress when it determines that
normal acceleration has exceeded the following limits:

1. 7.5g with landing gear UP and Mach greater than
0.24

2. 4.5g with landing gear DOWN (as in hard
landing)

3. 4.5g when Mach is 0.24 or less

ORIGINAL
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2.3.1.1 Engine Monitoring System
Processor. The EMSP is engine mounted and
engine powered and converts control system electrical
signals from the AFTC into digital format for transmis-
sion to the ADAC. It also receives and digitizes other
noncontrol, system-related data such as anti-icing
system status, lube oil level, and lube temperature data
for transmission to the ADAC. In addition, the EMSP
calculates and stores engine cycle count data, making
this data readily available for each serial-numbered
engine even when the engine is not installed in an
aircraft.

Note

EMSP is only operational with the engines in
primary mode.

2.3.1.2 Airborne Data Acquisition Computer.
The ADAC is the central processor of FEMS and
executes airframe and engine algorithms. The ADAC
acquires aircraft data by direct analog and digital inputs.
Additional aircraft data received by the ADAC from the
CSDC to be stored as a result of structural, engine, or
other mission events are transferred to the data storage
set for postflight analysis.

In addition, the ADAC stores fault code messages,
in nonvolatile memory, for display on the flight
maintenance indicator. The ADAC is powered by the
28-Vdc right main bus.

2.3.1.3 Data Storage Set. The DSS, placed in the
rear cockpit, includes the data storage unit and the data
storage unit receptacle. The DSU is a removable
cartridge data recorder that is unloaded and reinitialized
by transferring the collected data to a local data
processing ground station where the data can be
displayed for engine diagnostic purposes or compiled
for long-term maintenance records. A fault code on the
flight maintenance indicator will alert the maintenance
crew when the DSU has reached 80 percent of its
capacity. If the DSS is inoperative or is not loaded with
a cartridge, engine part life-tracking data are still
maintained by the EMSP.

2.3.1.4 Flight Maintenance Indicator. The FMI
displays to the maintenance crew ADAC data for
engine/airframe status. It is mounted in an easily
accessible location on the forward bulkhead in the nose
wheelwell (Figure 2-15). After each flight, the FMI
FAIL, CAUTION, and/or FLUIDS fault trip indicators
will be either black, signifying the absence of a
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FEMS-detected failure, or white, indicating FEMS
detected a failure. The indicators should normally be
reset by maintenance personnel prior to flight. With
electrical power applied to the aircraft, depressing the
STATUS SWITCH button displays either a fault code
(if a fault is present) or NONE in the STATUS window.
All fault codes may be scrolled line by line by
depressing the STATUS SWITCH button once for each
line. When no more fault codes are displayed, the
display will read END*. When END* is displayed,
depressing and holding the CLEAR button changes the
display from END* to CLR for approximately 5
seconds followed by NONE, erasing all fault codes.

Note

® Do not press both CLEAR and STATUS
switch at the same time. Failure to
comply will result in the FEMS onboard
clock being altered.

The FMI is designed to be a maintenance
tool only and should not be used as a
go/no-go device by aircrew on preflight.
Likewise aircrew should not take it upon
themselves to reset the device.

Figure 2-15. Flight Maintenance Indicator
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The following is a composite listing of the data
automatically recorded in memory for maintenance and
displayed in numeric code on the FMI:

1. RATS failure

2. AB signal on but not selected

Fan/core overspeed
Turbine blade temperature limit exceeded

Rapid loss of compressor discharge pressure or
out of limits

Decay in core speed
Compressor stall
Anti-icing fault
Low oil quantity

10. Oil overtemperature

11. AB fuel valve dry operation

12. Pilot-initiated EMS data

13. AFTC/MEC takeoff parameters fault (on deck

only)

14. Data storage set memory full and requires service

15. AFTC/EMSP interfaces fault

16. No AB light-off signal

17. AB blowout

18. Repeatable engine fault data

19. AB fuel schedule fault

20. Exhaust nozzle near or exceeding schedule

21. Exhaust nozzle open satisfactory check

22. Fan inlet guide vanes off schedule

23. AFTC power-out of limits

24. Mach signal to AFTC fault

25. Secondary mode operation



26. EMSP fault

27. ADAC BIT fault and system failure
28. ADAC battery low

29. Throttle/AFTC signal fault

30. Aircraft 28-volt supply to AFTC fault
31. Aircraft overstress

32. System DSS

33. ADAC A-6 failure.

2.3.2 FEMS Operation. FEMS data acquisition
for monitoring engine performance is automatic. How-
ever, the pilot may encounter unusual engine behavior
of a nature that does not automatically initiate data
recording. These data are valuable for diagnosis of the
cause of unusual behavior and should be recorded by the
pilot by depressing the ENG RCD button on the fuel
management panel. Pressing the ENG RCD button
momentarily causes 21 seconds of engine data to be
recorded: 6 seconds before and 15 seconds after switch
initiation. It is important to remember that if a transient
problem is to be recorded by FEMS, the ENG RCD
button must be activated quickly so the actual event is
not missed. Manual recording will not interfere with
data automatically saved by the FEMS.

Note

When operating with a TARPS pod-
equipped aircraft, the TARPS POD present
I.D. must be sent to the FEMS to allow
proper airframe structural stress computa-
tion. Procedures to ensure that this require-
ment is met are contained in Chapter 24.

2.3.3 FEMS and OBC. FEMS is checked during
OBC preflight and in flight (class III). It is designated
by a FEM acronym. This acronym is displayed at the
completion of OBC if FEMS fails its BIT during OBC.
Engine-life tracking data are still available through
EMSP if FEMS is lost.

2.4 ENGINE FUEL SYSTEM

The engine fuel system, which is identical for each
engine, provides motive flow fuel to effect fuel transfer
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and metered fuel for combustion as a function of pilot
throttle commands and numerous engine parameters
(Figure 2-16).

2.4.1 Motive Flow Fuel Pump. The motive flow
fuel pump is a gear-driven centrifugal pump on each
engine accessory gearbox that returns high-pressure
fuel to the fuselage and wing tanks to effect normal fuel
transfer. Motive flow is used to power the boost pump
in the respective sump tank. This fuel continues through
control valves to ejector pumps in the fuselage and wing
fuel tanks. There is no cockpit control for the motive
flow fuel pumps. Failure of one pump illuminates the R
or L FUEL PRESS caution light and reduces the rate of
fuel transfer but does not inhibit the transfer of fuel from
any tank. A motive flow pump failure causes the engine
to draw fuel through suction feed. Higher altitudes and
decreased ambient pressure result in reduced fuel flow
that may cause engine flameout because of fuel
starvation. With a single motive flow fuel pump failure,
AB selection above 15,000 feet MSL may cause engine
flameout. With failure of both motive flow fuel pumps,
high power settings in basic engine may cause flameout
above 25,000 feet MSL. If a dual motive flow fuel pump
failure occurs, wing fuel will not be available.

2.4.2 Engine Fuel Boost Pump. The engine
(total flow) fuel boost pump is an engine-driven
centrifugal pump on the aft accessory gearbox that
provides boosted pressure and flow from the fuel supply
system to meet main and AB fuel requirements. The
pump receives fuel at aircraft boost pressure and boosts
fuel pressure to levels adequate to operate the engine at
all power settings (maximum 40 psi pressure rise).
During non-AB operation the fuel is circulated between
AB fuel control and the engine fuel boost pump so that
fuel pressure is readily available to the spray bars for AB
light-off.

2.4.3 Main Fuel Pump. The main fuel pump is a
two-stage pump that receives fuel flow from the engine
fuel boost pump. It provides additional fuel pressuriza-
tion and mechanical-gear-driven power to the MEC.

2.4.4 Main Engine Control. The MEC is a fuel
operated, hydromechanical fuel flow regulator that
operates in tandem with the main fuel pump and is
capable of operating in two modes. In the primary mode
it meters main fuel flow as required by the AFTC and
provides VSV scheduling. The secondary mode hydro-
mechanically governs N, speed based on pilot throttle
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commands and provides basic engine control except for
AFTC fan speed limiting.

VSV aerodynamically matches high- and low-
pressure compressor stages by changing the angle at
which airflow enters the compressor rotor blades. The
MEC contains the scheduling mechanism and provides
fuel pressure to vary VSV positioning. A flexible
mechanical cable provides feedback from the compres-
sor stator to the MEC.

2.4.5 Afterburner Fuel Pump. The AB fuel
pump is a centrifugal gear-driven pump that receives
fuel from the engine boost pump, increases pressure,
and delivers fuel to the AB fuel control. During non-AB
operation, fuel is circulated between the AB fuel control
and the engine boost pump; the AB fuel pump impeller
runs dry with the bearings lubricated by the engine oil
system. Failure of an AB fuel pump will result in an AB
blowout.

2.4.6 Afterburner Fuel Control. The AB fuel
control is a fuel-operated, electro-hydromechanical unit
that regulates fuel flow in response to AFTC scheduling
and compressor discharge pressure. Fuel pressure from
the AB fuel control provides on-off signals to the AB
fuel pump.

The AB fuel control splits fuel flow into three
metered streams (local, core, and fan) on a sequential
basis into the AB manifolds for distribution through
spraybars in the AB duct. Throttle commands initiate
local fuel flow and AB ignition (minimum afterburner).
Once local fuel flow and flame are established, core fuel
flow commences. As maximum core fuel flow is
established, fan fuel flow commences and increases
until maximum AB 1is achieved. The transitions
between local, core, and fan fuel flow are smooth and
unnoticed (Figure 2-17). During non-AB operation,
fuel flow is circulated through the AB manifolds to
prevent thrust lags and surges when AB is initiated.

WARNING I

Zero or negative-g flight longer than 10
seconds in AB or 20 seconds in MIL or less
will deplete the fuel sump tanks (cells 3 and
4), resulting in flameout of both engines.

NAVAIR 01-F14AAP-1

WARNING I

® To prevent engine instability and/or
flameout, avoid holding zero or negative
g when doing a low-altitude, maximum
thrust acceleration followed by a push-
over (that is, bugout).

® With fuel in feed group below 1,000
pounds, AB operation could result in AB
blowout.

Note

Fuel dump operations with either engine in
AB are prohibited. The fuel dump mast can
be torched.

25 THROTTLES

Two throttle levers for regulating engine thrust are
on the left console of the front cockpit. Unrestricted
engine operation under independent control is afforded;
however, normal symmetric thrust control is provided
by collective movement of the throttle levers. Numer-
ous engine control and subsidiary functions are per-
formed by movement of the throttle levers within the
full range of travel as shown in Figure 2-18. The
forward and aft throw of each throttle lever in the
quadrant is restricted by hard detents at the OFF, IDLE,
MIL, and MAX (afterburner) positions. At the OFF and
IDLE detents, the throttles are spring loaded to the
inboard position. At the MIL detent, the throttles can be
shifted outboard to the AB sector or inboard to the basic
engine sector of operation by merely overcoming a
lateral breakout force. Lateral shifting of the throttles at
the MIL detent does not affect engine control. Thus,
placement of the throttle outboard at MIL provides a
natural catapult detent to prevent unintentional retard-
ing of the throttles during the launch. This, however,
does not inhibit the selection of afterburner. The friction
control lever on the outboard side of the quadrant
permits adjustment of throttle friction to suit individual
requirements. With the friction lever in the full-aft
position, no throttle friction is applied at the quadrant;
increased throttle friction is obtained by forward
movement of the lever.

A locking pin device prevents the left throttle from
moving into the cutoff position when the right throttle
is either traversing or at rest on the face of the right-hand
idle stop block.
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Figure 2-18. Throttle Interlocks

2.5.1 Throttle Control Modes. Manual, boost,
and auto are the three modes of throttle control over
engine operation selectable by the THROTTLE MODE
switch located outboard of the quadrant on the pilot
console. The toggle switch must be lifted out of a detent
to select MAN from BOOST or BOOST from MAN.
The switch is solenoid held in AUTO upon successful
engagement of AUTO mode. A functional schematic of
throttle control modes, including system major compo-
nents, is shown in Figure 2-19. Except for the auto-
throttle computer and mode control switch, the throttle
control system for each engine is completely redundant.
Independent engine operation is possible in the manual
or boost mode of throttle control; however, full system
operation is necessary in the auto mode since operation
under single-engine control is impracticable because of
asymmetric thrust considerations.

2.5.1.1 Manual Throttle Mode. The manual
throttle is a degraded mode of operation and was
designed as a backup system. Because of hysteresis and
friction in the manual system, engine rpm may vary
from the boost mode at a given throttle position. If an
engine fails to secure when the throttle is moved to the
OFF position, the throttles have probably reverted to the

manual mode and are slightly out of rig. Cycling the
throttle switch to MANUAL and back to BOOST may
allow engine shutdown. If shutdown is unsuccessful,
then the engine may be secured with the fuel shutoff
handle.

CAUTION

00000000000 0006

® Engine shutdown at high power settings
using the fuel shutoff handle may result
in damage to the aircraft fuel system.

Engine startup in manual mode may
cause tailpipe fires as fuel flow may not
be secured.

In the manual mode of operation, movement of each
throttle is mechanically transmitted to the respective
engine by a push-pull cable and a rack-and-sector
mechanism mounted to the main engine control power
lever shaft. An electric clutch in the throttle servo
actuator, which is also mounted to the power lever shaft,
is disengaged in the manual mode to reduce operating
forces.
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With the throttle friction off, approximately 8
pounds of force per throttle must be applied at the grip
to operate the throttles in IDLE to MAX range.

2.5.1.2 Boost Throttle Mode. The boost mode of
throttle is used for normal operations. A force of 2 to 3
pounds at the grip is required to move each throttle
throughout its range with the throttle friction lever OFF.
Essentially, the boost mode provides electric throttle
operation, with the push-pull cables serving as a backup
control path. Throttle movement is detected by the
throttle position sensor. The signal is resolved in the
amplifier to provide positional followup commands to
the actuator. Movement of the actuator rotates the
engine power lever shaft, which drives the push-pull
cable.

If a boost system malfunctions, applying approxi-
mately 17 pounds at the throttle grip automatically
reverts the throttle control to the manual mode by
disengaging the actuator electric clutch. The throttle
control reverts to manual mode in 0.25 second. In the
event of a boost system malfunction, the THROTTLE
MODE switch will remain in the BOOST detent. By
manually placing the THROTTLE MODE switch in
MAN and then back to BOOST, transient failures in the
boost mode can be reset. Additionally, if an actuator
seizes, a mechanical clutch in the actuator will slip when
a force of approximately 50 pounds is applied at the
throttle grip. This permits the pilot to override an
actuator seizure. There is no visible warning of these
anomalies, only the noticeable increase in the forces
required to manipulate the affected throttle.

2.5.1.3 Approach Power Compensator (Auto
Throttle Mode). The auto mode of throttle control
is a closed-loop system that automatically regulates
basic engine thrust to maintain the aircraft at an
optimum approach angle of attack for landing. All
components of the throttle control system except the
throttle position sensor are used in the auto mode of
control. The angle-of-attack signal from the angle-of-
attack probe on the left side of the forward fuselage is
the controlling parameter within the autothrottle com-
puter. Additional parameters are integrated within the
computer to improve response. The air temperature
switch on the pilot left console effects a computer gain
change to compensate for pilot preferred reaction rate.
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In order to engage the autothrottle, throttles must be
between 75- to 90-percent rpm with weight off wheels,
gear handle down, and throttle friction off. With all
conditions met, the THROTTLE MODE switch will be
held by an electrical solenoid when placed in AUTO.
The throttle control mode automatically reverts to the
boost mode upon interruption of any interlock in the
system or by manually overriding the throttles with a
force of approximately 11 pounds per throttle in either
direction. The THROTTLE MODE switch automati-
cally returns to BOOST and the AUTO THROT caution
light illuminates for 10 seconds. See Figure 2-20 for
autothrottle controls.

The pilot can revert from auto to boost mode by
depressing the CAGE button on the outboard throttle
grip. This provides a smooth throttle override for an
auto-to-boost mode approach, while maintaining a grip
on both throttles.

2.5.1.3.1 Autothrottle Test. An automatic check
of the autothrottle control system while on deck is
accomplished during OBC. Signals to the servoactua-
tors are inhibited during the OBC autothrottle test so
that the engines remain at idle thrust. A malfunction is
indicated by an APC acronym at the conclusion of OBC.

Rotating the MASTER TEST switch to FLT GR DN
and depressing it bypasses the autothrottle
weight-on-wheels interlock and an end-to-end check of
the autothrottles may be performed on deck. The
throttles should be placed at about 80-percent rpm and
the throttle MODE switch placed in AUTO. The
throttles must be positioned above idle before selecting
AUTO to ensure a valid test. Once AUTO is engaged,
the control stick should be programmed fore and aft to
check for the appropriate power response.

CAUTION

High-power settings may result during aft
stick deflection.

If the THROTTLE MODE switch does not remain
engaged or the APC does not respond properly to
indicated AOA and longitudinal stick movements, a
malfunction exists in the autothrottle system.
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NOMENCLATURE

FUNCTION

@ THROTTLE MODE switch

@ THROTTLE TEMP switch

@ AUTO THROT caution light

@ CAGE button

Autopilot emergency
disengage paddle

AUTO — Engine thrust is automatically regulated to maintain optimum
angle of attack for landing by the throttle control computer.

BOOST — Normal operating mode. Reduces effort required to move
throttles manually with friction control aft.

MAN —  Movement of each throttle Is mechanically transmitted to the
respective engine cross-shaft by a push-pull cable.

Used with the AUTO throttle mode to effect throttle computer gain changes
to compensate for air temperature.

HOT — Increases normal throttle computer gain.
NORM — Normal throttle computer gain.
COLD — Decreases normal throttle computer gain.

Auto throttle mode is disengaged. During preflight check, remains illumi-
nated for 10 seconds, then goes off and throttle mode switch automatically
returns to BOOST

Note

If the auto throttle is disengaged by deselecting the throttle MODE
switch, the AUTO THROT light will not illuminate.

With the pilot’'s weapon select switch in OFF, and the THROTTLE MODE
switch in AUTO, depressing the CAGE button reverts the throttles to
BOOST mode.

Reverts throttle system from AUTO or BOOST mode to MAN mode only
while depressed and with weight on wheels.

Figure 2-20. Autothrottle Controls and Indicators
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Depressing and holding the autopilot emergency
disengage paddle switch with weight on wheels causes
the throttle control system to be placed in the manual
mode. If the auto mode was selected before depressing
the paddle switch, the THROTTLE MODE switch will
automatically move to BOOST. The THROTTLE
MODE switch must be moved from BOOST to MAN
while holding the paddle switch depressed if the manual
mode is desired after the paddle switch is released.

2.6 ENGINE BLEED AIR

Bleed air is extracted from the high-pressure com-
pressor to perform engine-associated services and to
supply high-pressure and temperature air for operation
of auxiliary equipment. Fifth-stage bleed air supplies
hot air for the engine anti-icing system and is used to
draw cooling air through the aircraft hydraulic heat
exchangers to cool flight and combined fluids and to
ventilate the nacelle when weight is on wheels (Figure
2-21). Ninth-stage bleed air supplies hot air to the
environmental control system, provides air for cross-
bleed engine starts, and draws air through the integrated
drive generator heat exchanger (ventral fin) when
weight is on wheels.

2.6.1 Engine Anti-lce. The fan IGV and nose-
dome are susceptible to icing under a wider range of
conditions, particularly at static or low speed with high
engine rpm, than that which causes ice to form on
external surfaces of the airframe. Ice formation at the
fan face can restrict engine maximum airflow, which
results in a thrust loss, decreased stall margin, and
dislodgement of ice that can damage the compressor.
The engine anti-icing system is designed to prevent the
formation of ice rather than deice the IGV and nose
dome. Hot bleed air (fifth stage) is passed through the
hollow IGV to the nosedome and is discharged into the
engine along the vanes and at the rotor hub. Cockpit
control of the engine anti-icing system is effected
through the ANTI-ICE switch (Figure 2-22).

Note

Because of its adverse effects on engine
performance, the engine anti-icing system
should be used only when icing conditions
exist or are anticipated.

During engine start, the engine anti-ice valve
remains open to bleed the compressor to prevent engine
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stall. The valve closes when the engine approaches idle
rpm. In flight, the valve is normally closed unless the
ANTI-ICE switch is in ORIDE/ON, or AUTO/OFF,
when the ice detector probe in the left inlet is activated.

Ice accumulation on the ice detector illuminates the
INLET ICE caution light. The engine anti-icing control
valve on the engine is powered closed (fails open) from
the essential dc No. 2 bus through the ENG/PROBE/
ANTI-ICE circuit breaker (RG2).

2.6.2 ECS Leak Detection. Thermal detection
circuits are routed in proximity to ECS ducts and
components to provide cockpit indications of high-
temperature air leaks. Normal air temperatures range
from 520 to 1,180 °F inside the bleed air portion of the
ECS and from 400 to 500 °F inside the hot air portion
(400 °F manifold).

The entire bleed air portion of the ECS, from engine
bleed air shutoff valves to the primary heat exchanger,
is monitored by two detection systems. Fire detection
circuits monitor the bleed air system from each engine
to its respective firewall. When a fire detection circuit
in an engine compartment senses temperatures above
threshold, the appropriate L or R FIRE warning light
illuminates (refer to FIRE DETECTION SYSTEM,
paragraph 2.12). The remainder of the bleed air system,
from engine firewalls to the primary heat exchanger, is
monitored by bleed air leak sensing elements. When the
bleed air leak detection circuit detects temperatures in
excess of 575 °F, the BLEED DUCT caution light
illuminates.

The hot-air portion of the ECS is monitored by
hot-air leak sensing elements. The hot-air system
extends from the primary heat exchanger to the ECS
turbine (turbine compressor). When the hot-air detec-
tion circuit detects temperatures in excess of 255 °F, the
BLEED DUCT caution light illuminates.

2.7 ENGINE COMPARTMENT
VENTILATION

Each engine compartment is completely isolated
from the primary air inlet, and the efficiency and
cooling of the variable-area exhaust nozzle are not
dependent upon nacelle airflow. Therefore, within the
bounds of the forward firewall (landing gear bulkhead)
and the nozzle shroud, the cooling system for each
engine compartment is a separate entity.
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Figure 2-21. Engine Compartment Ventilation

Cooling requirements for the turbofan engine are
minimized by the annular fan bypass duct. Figure 2-21
shows cooling air flow patterns through the engine
compartment during ground and flight operations. Two
air-cooled heat exchangers are also shown; however, only
the hydraulic heat exchanger cooling airflow is associated
with engine nacelle cooling. Fire access doors are on the
outboard side of the nacelles at the forward end to permit
insertion of fire suppressing agents by ground personnel in
event of an engine compartment fire.

2.7.1 Engine In-Flight Ventilation. In-flight
cooling of the engine compartment is accomplished by
nacelle ram air scoops, circulating boundary-layer air
through the length of the compartment and expelling the
air overboard through louvered exits just forward of the
engine nozzle shroud.

2.7.2 Engine Ground Ventilation. With weight
on wheels, cooling airflow through the engine compart-
ment is induced by the hydraulic heat exchanger ejector
in the forward end of the compartment. Air enters
through the nacelle ram air scoop on the left side, passes
through the hydraulic heat exchanger, and is discharged
into the engine compartment. The air flows through the
full length of the nacelle to discharge overboard through
a louvered port atop the nacelle on the outboard side of
the vertical tail.

2.8 ENGINE IGNITION SYSTEM

There are three electrical ignition circuits, each

utilizing a dedicated ignitor, for each engine: main high
energy, afterburner, and backup.

2.8.1 Main High-Energy Ignition. The main
high-energy ignition provides ignition in the combus-
tion chamber for ground and air starts. It is powered by
one of the four windings in the engine-driven ac
alternator. The AFTC provides logic to control main
high-energy ignition automatically. Ignition is available
when Nj rpm is 10 percent or greater and is automati-
cally provided from 10- to 59-percent rpm when the
throttle is above cutoff. Ignition is secured 0.5 second
after N» rpm rises above 59 percent. At rpm above 59
percent, ignition is provided if N, deceleration exceeds
a 5 percent rpm per second rate. Ignition continues for
20 seconds after Nj deceleration falls below the
5-percent per second rate. Main high-energy ignition is
provided continuously when the engine is in the
secondary (SEC) mode.

2.8.2 Afterburner Ignition. The AB ignition pro-
vides ignition for AB light-offs, and relights in the event
of an AB blowout. It is powered by the same winding in
the engine-driven alternator that powers the main
energy ignition. The AFTC provides logic to control
AB ignition automatically and prevents simultaneous
powering of the main high-energy and AB ignitions. In
the event of an AB blowout, relight is normally
provided within 1.5 seconds. AB ignition is not
powered if the engine is in SEC mode.
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NOMENCLATURE

FUNCTION

(1) ANTHCE switch

@ INLET ICE caution light

@ BLEED DUCT caution light

ORIDE/ON — Overrides ice detector system to turn on INLET ICE cau-
tion light, and activate external probe heaters and engine
anti-ice. Commands the anti-ice mode to the AICS

programmers.

AUTO/OFF — When icing is sensed, ice detector activates engine anti-ice
system and turns on INLET ICE caution light. External
probe heaters activated with weight off wheels.

OFF/OFF —  Engine anti-ice system and probe heaters shut off. INLET
ICE caution light disabled.

Illuminates when ice accumulates on ice detector with ANTI-ICE switch in
AUTO/OFF or if ORIDE/ON is selected. Does not illuminate with switch in

OFF/OFF.

llluminates when bleed air leak sensing elements detect temperatures
greater than 575 °F between the left and right firewalls, past the primary
heat exchanger and up to the right diverter area. An additional sensor,
detecting temperatures of 255° or greater, senses from the right diverter
area, along the 400° manifold and Into the bootstrap turbine compartment.

Figure 2-22. Anti-Ice Control
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2.8.3 Backup Ignition. The backup ignition pro-
vides ignition in the combustion chamber for ground
and air starts when the BACK UP IGNITION switch on
the throttle control panel is selected ON. It is powered
by the essential No. 1 ac bus and provides less power
than main high-energy ignition. After use, the BACK
UP IGNITION switch should be set to OFF. To allow
ground checkout of backup ignition, main high-energy
ignition is disabled when the BACK UP IGNITION
switch is ON and weight is on wheels.

WARNING I

The BACK UP IGNITION switch shall be
selected to OFF prior to applying external
electrical power to prevent ignition of fuel
puddled in the engine.

2.9 ENGINE STARTING SYSTEM

Each engine is provided with an air turbine starter
that may be pressurized from an external ground
starting cart or by crossbleeding high-pressure bleed air
from the other engine. Figure 2-23 shows the compo-
nents associated with the engine starting system.

2.9.1 External Airstart. A high-pressure (75 psi)
air source and 115-volt, 400-Hz ac power are required
for engine start on the deck.

The air hose is connected to the aircraft fitting in the
left sponson area behind the main gear strut. Ground
start air is ducted into a central bleed air (ninth stage)
manifold, which interconnects the air turbine starters on
both engines. The air supply to each air turbine starter
is pressure regulated (52 psi) and controlled by a shutoff
and regulating valve at the turbine. Each pneumatic
starter is composed of a turbine, gear train, sprag clutch
with a speed-sensing device, and an overspeed disen-
gagement mechanism with a shear section.

Shutoff valves in the bleed air manifold selectively
isolate the other starter, subsidiary bleed lines, and the
environmental control system air supply for effecting a
start. Maximum engine motoring speed with the
pneumatic starter is approximately 30-percent rpm.

ORIGINAL

2.9.2 Engine Crank. Placing the ENG CRANK
switch in either L or R opens the corresponding starter
pressure shutoff valve to allow pressurized air to drive
the turbine. The ENG CRANK switch energizes the
appropriate shutoff valves to condition the bleed
manifold for starting.

2.9.2.1 Engine Crank Switch. The ENG
CRANK switch is held in L or R by a holding coil. At
approximately 50-percent rpm, a centrifugal cutoff
switch closes the turbine shutoff valve and returns the
ENG CRANK switch to the center or off position. A
START VALVE caution light illuminates if the starter
valve remains in the open position after the ENG
CRANK switch automatically returns to the center (off)

position.
CAUTION

® [f the starter valve does not close during
engine acceleration to idle rpm, contin-
ued airflow through the air turbine starter
could result in catastrophic failure of the
starter turbine.

o [f the START VALVE caution light
illuminates after the ENG CRANK
switch is off, select AIR SOURCE to
OFF to preclude starter overspeed.

e If the ENG CRANK switch does not
automatically return to the OFF position
by 50 percent, ensure that the ENG
CRANK switch is off by 60 percent to
avoid starter turbine failure as a result of
an inoperative automatic starter cutout.

This action, in turn, reconditions the bleed air
manifold valves to permit ninth-stage bleed air to flow
to the environmental cooling system and ejectors in the
engine compartment.

Starter cranking limits are as follows:

1. Crossbleed — 2 minutes continuous then 10
minutes OFF.

2. Start cart— 5 minutes continuous then 10 minutes
OFF.
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Figure 2-23. Engine Start System
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2.9.3 Crossbleed Start. Engine cranking proce-
dures during a crossbleed start are the same as with a
ground start cart. Engine crossbleed start on the ground
can be accomplished with the throttle on the operating
engine at or above idle rpm. When high-residual EGT
(remains from a hot start) and/or throttles are advanced
from OFF to IDLE prior to 20-percent rpm, higher-
than-normal EGT readings may occur.

When initiating crossbleed starts with ambient
temperature less than 40 °F (5 °C), the starter torque
load is increased. Above 80 °F (27 °C), engine bleed air
provides less energy potential to the starter turbine.
Either extreme can affect engine starting acceleration
rates, resulting in hotter-than-normal starts. When
crossbleed starting with an operating engine at idle,
operator should be aware of either condition and
increase the operating engine rpm in S-percent incre-
ments until normal starting acceleration rate is
achieved. Low percentage rpm-to-EGT ratio can
increase turbine distress without necessarily exceeding
the EGT limit.

When performing an idle crossbleed start, advance
the throttles from OFF to IDLE at 20-percent rpm or
greater while monitoring EGT. If EGT rises rapidly,
advance the operating engine rpm to slightly above idle.
The exhaust nozzles start to close when rpm is slightly
above idle.

Note

® To prevent possible engine overtempera-
ture during crossbleed and backup igni-
tion start attempts, select AIR SOURCE
for the operating engine and return to
BOTH after rpm stabilizes at idle or
above.

If attempting a ground restart after a
hot-start, windmill the engine until EGT
is below 250 °C prior to advancing the
throttle from OFF to IDLE to avoid a
subsequent hot start.

When attempting a crossbleed start or
normal ground start, do not attempt to
reengage the ENG CRANK switch if the
engine is spooling down and rpm is
greater than 46 percent. Between 30- and
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46-percent rpm, the ENG CRANK
switch may not stay engaged because of
normal variations in starter cutout speed.

The ENG CRANK switch should automatically
disengage between 49- to approximately 51-percent
rpm during a crossbleed or normal ground start.

2.9.4 Airstart. AFTC logic provides main high-
energy ignition automatically during automatic and
manual spooldown, crossbleed, and windmill airstarts.
Selecting the BACK UP IGNITION switch to ON
provides continuous backup ignition to both engines
and backs up main high-energy ignition during manual
spooldown, crossbleed, and windmill airstarts.

2.10 ENGINE OIL SYSTEM

Each engine has a self-contained, dry-sump,
pressure-regulated oil system that provides filtered oil
for lubricating and cooling engine main shaft bearing,
oil seals, gearboxes, accessories, and provides a hydrau-
lic medium to operate the engine exhaust nozzles
(FO-5).

A storage tank feeds oil to an oil pump that supplies
oil under pressure to the forward sump in the engine
front hub, the mid sump in the fan hub, the aft sump in
the turbine hub, and the inlet and accessory gearboxes.
Oil is recovered through scavenging from the sumps
and accessory gearboxes, pumped past a chip detector,
and cooled in a fuel/oil heat exchanger before returning
to the storage tank.

A separate compartment in the storage tank provides
oil to the exhaust nozzle hydraulic system. Oil returning
from the nozzle to the tank provides auxiliary oil supply
to the No. 3 bearing when normal supply is interrupted
or during engine spooldown.

The oil system permits engine operation under all
flight conditions. During zero-g or negative-g flight, oil
pressure may decrease but will return to normal when
positive-g flight is resumed. Normal oil consumption is
0.03 gallon per operating hour. Capacity of the oil
storage tank is 3.7 gallons, with 2.9 gallons usable. A
sight gauge on the side of the storage tank indicates
down to a 2-quart-low oil level. The protrusion of a
bypass indicator underneath the oil scavenge pump
indicates a clogged filter element.



Note

® Engine oil level must be checked within
30 minutes of engine shutdown, other-
wise run engine at 80-percent rpm or
greater for 10 minutes to ensure proper
servicing.

A failed-open nozzle may indicate an oil
leak; however, if the leak is in the nozzle
hydraulic circuit, only that portion of the
main engine lube oil will be lost.

2.10.1 Oil Cooling. Filtered and scavenged oil is
cooled by a fuel/oil heat exchanger. This oil is then used
in a heat exchanger to cool the exhaust-nozzle oil. A
cold-oil bypass valve opens when the heat exchanger
pressure differential is 44 psi because of reduced oil
temperature or exchanger blockage, allowing oil flow to
bypass the heat exchanger (for example, during cold
engine starts).

2.10.2 Oil Pressure Indicators. An oil pressure
transmitter in each engine’s oil supply line provides a
continuous signal to the oil pressure indicator. An oil
pressure switch in each oil supply line activates the OIL
PRESS light when either engine’s oil pressure
decreases to 11 psi. The oil pressure transmitters and
switches receive electrical power from the essential
No. 2 ac bus. The OIL PRESS light and oil pressure
indicator are independent of each other.

Note

® During cold starts, oil pressure may
exceed 65 psi. The 65-psi oil pressure
limit should not be exceeded for more
than 1 minute.

Maneuvers that result in zero or negative
g’s on the engine (such as rapid rolls,
pushovers, or bugout maneuvers) may
cause oil pressure fluctuations and
momentary illumination of the low oil
pressure light.

2.10.3 OIL HOT Caution Lights. The L orR OIL
HOT caution light may be illuminated by either high
engine oil temperature or by high forward engine
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gearbox scavenge oil temperature. The caution lights
illuminate when respective engine oil temperature
exceeds 300 °F during a temperature increase and go
out at 280 °F minimum during a temperature decrease.
The caution lights also illuminate when respective
forward engine gearbox scavenge temperature exceeds
375 °F during a temperature increase and go out at
345 °F minimum during a temperature decrease.
2.11 ENGINE INSTRUMENTS

Instruments for monitoring engine operation are on
the pilot left knee panel (Figure 2-24). Engine operating
parameters are displayed on the EIG, which is a single
WRA with liquid crystal display readouts. The display
provides white readout segments and scales on a dark
background and are red backlighted for night opera-
tions. Left and right engine compressor speed (rpm),
EGT, and fuel flow are displayed on the EIG. Adjacent
to the EIG are circular instruments for both engines’ oil
pressure and nozzle position. Takeoff checks at military
(MIL) thrust should display evenly matched tapes on
corresponding vertical scale instruments and all point-
ers on the circular instruments should be at the
9-0’clock position. Data on engine operating limits are
provided in Chapter 4.

2.11.1 Engine RPM Indicator. The RPM indica-
tors (Figure 2-24) have a range of O to 110 percent. The
tape display steps in 5-percent increments and the upper
segment flashes to indicate rpm increasing at more than
0.4-percent per second from 0 to 60-percent rpm. The
tape steps in 1-percent increments when greater than
60-percent rpm. Nominal indications are 62 to 78
percent at idle and 95 to 104 percent at military and
above. At 107.7 percent and above, the affected
engine(s) exceeded portions of the chevrons will flash
at arate of two to three flashes per second. At 20-percent
rpm, a horizontal segment will illuminate, giving an
indication of proper motoring speed to start the engine.
There is an rpm reading for each engine.

Note

An overspeed condition in excess of
110-percent will result in momentary loss of
rpm indication until N rpm falls below 110
+.5 percent. EGT and fuel flow indicators
will continue to function normally.
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Figure 2-24. Engine Instruments (F110-GE-400)
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2.11.2 Exhaust Gas Temperature Indicator.
The EGT indicators (Figure 2-24) provide a nonlinear
vertical scale with a range of 0 to 1,100 °C. The
compressed lower portion has a range of 0 to 600 °C.
The expanded upper portion of the scale has a range of
600 to 1,100 °C. The display moves in 50° increments
in the compressed portion and 10° increments in the
expanded portion of the display. The normal indications
are 350 to 650 °C at idle and 780 to 935 °C at MIL and
above. Above 940 °C the affected engine(s) exceeded
portions of the chevrons flash. With a reading of 940 °C
the stall warning light and aural warning tone will be
activated signifying an engine overtemperature condi-
tion. The tone is present for a maximum of 10 seconds
unless the fault clears sooner. There is an EGT reading
for each engine.

2.11.3 Fuel Flow Indicator. The fuel flow indica-
tors have a nonlinear vertical scale, with a range of 0 to
17,000 pph. The expanded lower portion of the scale has
arange of 0 to 5,000 pph. The compressed upper portion
of the scale ranges from 5,000 to 17,000 pph. The
display moves in 100-pph increments in the expanded
portion and in 500-pph increments in the compressed
portion of the display. Normal indications on deck are
350 pph starting, 950 to 1,400 pph at idle, and
approximately 10,100 pph at military and above. The
fuel flow reading for each engine indicates only basic
engine consumption and does not indicate AB fuel flow.

2.11.4 Engine Instrument Group BIT. A
degraded mode of EIG operation is indicated if the BIT
segment on the top left side of the EGT indicator
illuminates. This means that either the primary or
backup microprocessors, or the primary or backup
power supply channels (internal to the EIG) have failed.
An automatic switch to the operative microprocessor/
channel takes place if a failure is detected. The
instrument still monitors engine operation and accu-
rately reflects rpm, EGT, and fuel flow. If the input
processing circuit fails, the affected scale reading goes
to zero.

2.11.5 Engine Instrument Group Self-Test.
Engine instrument group self-test is selected by the
MASTER TEST switch in INST. When master test is
initiated, all display segments illuminate, all scales
drive to maximum readings, and the warning chevrons
(stripes) flash for 5 seconds. The BIT segment on the top
left side of the EGT indicator illuminates. L. STALL and
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R STALL warning lights flash and the stall warning/
overtemperature tone is present in the pilot’s earphones
for 10 seconds. After 5 seconds, all EIG scales decrease
to predetermined values of equal height that correspond
to an EGT reading of 950 £10 °C. If the BIT segment
remains illuminated, the EIG has failed self-test and the
BIT remains illuminated until self-test is reinitiated.
Total self-test time is 15 seconds. If the master test is
deactivated prior to this, the EIG returns to normal mode
after the 15-second test. If the MASTER TEST switch
remains in INST for more than 15 seconds, the EIG
retains equal height readings until master test is
deselected.

2.11.6 Engine Oil Pressure Indicator. The
engine oil pressure indicators display oil pressure from
0 to 100 psi. Normal oil pressure is 25 to 65 psi and
increases in proportion to engine rpm within the
pressure-limit range. Stabilized idle oil pressure maybe
a minimum of 15 psi.

The OIL PRESS caution light illuminates at 11 psi
with decreasing oil pressure and extinguishes at 14 psi
with increasing oil pressure. Maximum allowable oil
pressure fluctuation is 5 psi.

2.11.7 Exhaust Nozzle Position Indicator. The
nozzle position indicators (Figure 2-24) have a range of
0 to 100-percent open. Normal indications (Figure
2-13) are 100 percent at idle with weight on wheels and
vary for in flight, 3 to 10 percent at MIL thrust, 5 to 12
percent at minimum AB, and 60 to 90 percent at
maximum AB.

Note

When operating engine in secondary mode,
nozzle position indicator is inoperative and
indicates below zero. No nozzle position
indication is available in secondary mode.

2.11.8 Engine Stall/Overtemperature Warning.
An engine stall detection circuit in FEMS monitors each
engine. When a stall condition is detected, a L or R
STALL warning light (Figure 2-24) on each side of the
HUD flashes at approximately 3 Hz until the condition
is cleared. In addition, an aural warning tone is activated
through the pilot ICS for up to 10 seconds.

When an overtemperature condition occurs, the

EGT display rises above 940 °C, the warning chevrons
begin to flash, and a signal from the EGT indicator
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activates the STALL warning lights and the aural
warning tone.

In SEC mode, FEMS and, therefore, the engine stall
detection circuit, is inoperative. However, overtemper-
ature warning is still available and will activate both the
STALL warning lights and aural warning tone.

The overtemperature warning system is checked by
the pilot during prestart as part of the MASTER TEST
check in INST test. There is no pilot check of the FEMS
engine stall detection system.

2.12 FIRE DETECTION SYSTEM

The fire detection system provides a cockpit indica-
tion of fire or overheating in either engine compartment.
There is a separate system for each engine compart-
ment, each consisting of a thermistor-type sensing loop
monitored by a transistorized control unit. The system
is powered by 28 volts from the essential No. 1 bus.
Figure 2-25 is a functional schematic of the system.

The sensing loop for each engine compartment
consists of a 45-foot continuous tubular element routed

throughout the entire length of the engine compartment
on both sides above the nacelle door hinge line. The tube
sheath, which is clamped in grommets to the engine
compartment structure, contains a ceramic-like therm-
istor material in which are embedded two electrical
conductors; one of the conductors is grounded at both
ends of the loop. Electrical resistance between two
conductors varies inversely as a function of temperature
and length, so that heating of less than the full length
will require a higher temperature for the resistance to
decrease to the alarm point. The L or R FIRE warning
lights in the cockpit illuminate when the respective
entire sensing loop is heated to approximately 600 °F or
when any 6-inch section is heated to approximately
1,000 °F.

The fire alarm output relay to the light is a latching
type that remains in the last energized position indepen-
dent of power interruptions until the fault clears.

False alarms triggered by moisture in the sensing
element and connectors or by damage resulting in short
circuits or grounds in the sensing element are unlikely
because of the system design. Additionally, there is no
loss or impairment of fire detector capability from a
single break in the sensing element as long as there is no
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electrical short. With two breaks in the sensing element,
the section between the breaks becomes inactive
although the remaining end of segments remain active.

Fire detection circuits in the engine compartments
detect a leak in the high-temperature duct and light the
appropriate L or R FIRE warning light. Between each
engine firewall and the primary heat exchanger, bleed
air leak-sensing elements are placed along the outside
of the duct. When these sensing elements detect
temperatures over 575 °F, the BLEED DUCT caution
light is illuminated.

2.12.1 Fire Detection Test. An integrity test of
the fire detection system can be performed by selection
of FIRE DET/EXT on the pilot MASTER TEST switch.
The integrity test simultaneously checks the sensing
element loops of both engine compartments for conti-
nuity and freedom from short circuits, and the fire alarm
circuits and FIRE warning lights for proper functioning.
Presence of a short circuit or control unit malfunction
causes the warning light to remain out. Fire detection
test is not available on the emergency generator.

2.13 FIRE EXTINGUISHING SYSTEM

The fire extinguishing system is capable of dis-
charging an extinguishing agent into either engine
nacelle and its accessory section. The system consists of
two containers of extinguishing agent, piping and
nozzles to route and discharge the agent, cockpit
switches to activate the system, and advisory lights that
alert the flightcrew to a drop in system pressure beyond
a predetermined level.

The fire extinguishing agent is a clean, colorless,
odorless, and electrically nonconductive gas. It is a
low-toxicity vapor that chemically stops the combus-
tion process. It will not damage equipment because it
leaves no water, foam, powder, or other residue.

The retention time of an adequate concentration of
the extinguishing agent in the engine compartment will
determine probability of reignition and, therefore, the
probability of aircraft survival. At high airspeeds,
where airflow through the engine compartment is
increased, agent retention time is reduced.

The slower the airspeed at the time the extinguisher
is fired, the higher the probability of fire extinction and
the lower the probability of reignition.
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Circuit breaker protection is provided on the RIO
DC ESSENTIAL NO. I CIRCUIT BREAKER PANEL
by the R FIRE EXT (6C4) circuit breaker and the L
FIRE EXT (6C5) circuit breaker.

2.13.1 Fire Extinguisher Pushbuttons. The
discharge pushbuttons for the fire extinguishing system
are located behind the FUEL SHUT OFF handles. The
FUEL SHUT OFF handle for the affected engine must
be pulled to make the pushbuttons for that engine
accessible (see Figure 2-26). If the left or right fire
extinguishing pushbutton is activated, the contents of
both extinguishing containers are discharged into the
selected engine and its accessory section. Since it is a
one-shot system, both system advisory lights, ENG
FIRE EXT and AUX FIRE EXT, will illuminate and
remain illuminated after container pressures drop below
a preset level.

2.13.2 Fire Extinguisher Advisory Lights. Two
advisory lights are provided to indicate low pressure in
the fire extinguishing agent containers. The lights, ENG
FIRE EXT and AUX FIRE EXT, illuminate when
container pressure drops 90 psi below a nominal
pressure of 600 psi at 70 °F (see Figure 2-26).

2.13.3 Fire Extinguisher Test. The fire extin-
guishing system is tested by raising and rotating the
MASTER TEST switch to FIRE DET/EXT and
depressing the knob; the L. FIRE and R FIRE warning
lights will illuminate. If there is a detection circuit
problem, the corresponding FIRE warning light will not
illuminate. Simultaneously, the fire extinguishing sys-
tem initiates a self-test indicated by either a GO or NO
GO light. If all tests pass, the GO light illuminates; if the
NO GO illuminates or if both or neither GO and NO GO
lights illuminate, the system has not tested properly and
a failure exists somewhere in the system.

2.14 AIRCRAFT FUEL SYSTEM

The aircraft fuel system normally operates as a split
feed system, with the left and aft tanks feeding to the left
engine and the right and forward tanks feeding the right
engine. (Refer to FO-6.) Except for the external tanks,
the system uses motive flow fuel to transfer fuel. The
supply of high-pressure fuel from engine-driven motive
fuel pumps operates fuel ejector pumps to transfer fuel
without the need of moving parts. The system is not
dependent on electrical power for normal fuel transfer
and feed. Total internal and external fuel quantity
indication is provided, with a selective quantity readout
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Figure 2-26. Fire Extinguishing Switches and Advisory Lights

for individual tanks. Fuel system management require-
ments are minimal under normal operation for feed,
transfer, dumping, and refueling. Sufficient cockpit
control is provided to manage the system under failure
conditions. The aircraft fuel system is designed so that
all usable fuel will normally be depleted under two- or
single-engine operating conditions before an engine
flameout occurs from fuel starvation. However, with
complete motive flow failure, engine fuel starvation can
occur with usable fuel aboard.

Note

All fuel weights in this manual are based on
the use of JP-5 fuel at 6.8 pounds per gallon,
JP-4 fuel at 6.5 pounds per gallon, or JP-8
fuel at 6.7 pounds per gallon.

2.14.1 Fuel Tankage. Figure 2-27 shows the gen-
eral fuel tankage arrangement in the aircraft. The fuel
supply is stored in eight separate fuselage cells, two
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wing box cells, two integral wing cells, and (optional
loading) two external fuel tanks.

2.14.1.1 Sump Tanks. The engine feed group,
consisting of the left and right box-beam tanks and the
left and right sump tanks, span the fuselage slightly
forward of the mid-center of gravity. Fuel in each
box-beam tank gravity flows to its respective sump
tank. The sump tanks (self-sealing) are directly con-
nected to the box-beam tanks and contain the turbine-
driven boost pumps. The feed tanks supply fuel to the
engine. A negative-g check valve traps fuel in the feed
tank during negative-g flight.

WARNING I

Zero or negative-g flight longer than 10
seconds in AB or 20 seconds in MIL or less
will deplete the fuel sump tanks (cells 3 and
4), resulting in flameout of both engines.
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for vent and overflow purposes. Flapper valves at the
WARNING base provide for forward-to-aft fuel gravity transfer.

2.14.1.3 Aft Tank. The aft fuselage fuel tank group

® Afterburner operation in the Og to —0.5g is partitioned into four bladder cells (Nos. 5, 6, 7, and 8)
regime may result in air ingestion into the and a vent tank. The forward-most cell in the aft tank
fuel boost pumps, causing possible after- group (cell No. 5) lays laterally across the center
burner blowout or engine flameout. fuselage. Extending aft are two coffin-shaped tanks that

contain two cells (Nos. 6 and 8) on the right side and one
cell (No. 7) plus an integral fuel vent tank on the left
side. The coffin tanks straddle the center trough area,

® With fuel in feed group below 1,000
pounds, AB operation could result in AB

blowout. which contains the control rods, Sparrow missile
launchers, and electrical and fluid power lines. All fuel
Note . .

] ) cells in the aft tank group are interconnected by
Operatlc?n O}C afterburner with less Fhan 1.’000 one-way flapper valves at the base for aft-to-forward
pounds in either feed group may illuminate fuel gravity transfer.
the FUEL PRESS light because of uncover-
ing of the boost pump inlet. 2.14.1.4 Wing Tanks. There are integral fuel cells

in the movable wing panels between the front and aft
2.14.1.2 Forward Tank. The forward fuselage wing spars. Because of the wing-sweep pivot location

fuel tank is in the center fuselage, between the inlet and the extensive span (20 feet) of the wing tanks, wing

ducts and immediately ahead of the feed group. The fuel loading provides a variable aft cg contribution to

forward tank is partitioned into two bladder cells (Nos. the aircraft longitudinal balance as a function of

I and 2) that are interconnected by open ports at the top wing-sweep angle. Each wing panel consists of the
FUEL PERSPECTIVE P ) FUEL DUMP MAST

- “"::1:0" AFT FUSELAGE
% —~ (CELLS 56,7, AND 8)
Do [CELLY)

RIGHT WING

RIGHT EXTERNAL TANK

AIR REFUEL
PROBE

LEFT X
FORWARD FUSELAGE BtA:o
(CELLS 1 AND 2) (CELLY

LEFT EXTERNAL TANK
! z RIGHT ENGINE FEED LEFYT WING

:] LEFY ENGINE FEED

GROUND REFUEL/
DEFUEL (RIGHT SIDE)

Figure 2-27. Fuel Tanks
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integral fuel cell, which is designed to withstand loads
because of fuel sloshing during catapulting and extreme
rolling maneuvers with partial or full wing fuel. Fuel
system plumbing (transfer and refuel, motive flow, and
vent lines) to the wing tanks incorporate telescoping
sealed joints at the pivot area to provide normal
operation independent of wing-sweep position.

2.14.1.5 External Tanks. Fuel, air, electrical, and
fuel precheck line connectors are under the engine
nacelles for the external carriage of two fuel tanks.
Check valves in the connectors provide an automatic
seal with the tank removed. Although the location is
designated as armament stations 2 and 7, no other store
is designed to be suspended there so that the carriage of
external fuel tanks does not limit the weapon-loading
capability of the aircraft. Suspension of the drop tanks
and their fuel content has an insignificant effect on the
aircraft longitudinal cg, and, even under the most
adverse asymmetric fuel condition, the resultant move-
ment can be compensated for by lateral trimming.

CAUTION

See Chapter 4 for external tank limitations.

2.14.2 Fuel Quantity System. The fuel-quantity
measurement and indication system provides the flight-
crew with a continuous indication of total internal and
external fuel remaining, a selective readout for all fuel
tanks, independent low-fuel detection, and automatic
fuel system control features.

WARNING I

To prevent fuel spills from overfilled vent
tank caused by failed level control system,
set WING/EXT TRANS switch to OFF if
left tape reading reaches 6,200 pounds or
right tape reading reaches 6,600 pounds. If
either fuel tape reading is exceeded, aircraft
shall be downed for maintenance inspection.

Note

Fuel in the vent tank is not gauged.
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The quantity measurement system uses dual-
element, capacitance-type fuel probes to provide the
flightcrew with a continuous display of fuel quantity
remaining. Fuel thermistor devices and caution light
displays provide a backup fuel low-level indicating
system, independent of the capacitance-type gauging
system. Additionally, the pilot is provided with a bingo
set capability on the fuel quantity indicator to preset the
total quantity level for activation of a BINGO caution
light.

Note

Fuel quantity system malfunctions that
result in erroneous totalizer readings will
invalidate the use of the BINGO caution
light.

2.14.2.1 Fuel Quantity Indicators. The pilot and
RIO fuel quantity indicators are shown in Figure 2-28
with a definitive breakdown of tape and counter
readings. The white vertical tapes on the pilot indicator
show fuselage fuel quantity. The left tape indicates fuel
quantity in the left feed and aft fuselage; the right tape
indicates fuel quantity in the right feed and forward
fuselage. The L and R labeled counters display either
feed group, wing tank, or external tank fuel quantity on
the side selected using the QTY SEL rocker switch on
the fuel management panel. The rocker switch is spring
loaded to FEED. The pilot TOTAL quantity display and
the RIO display indicate total internal and external fuel.

Note

The RIO fuel quantity indicator is a repeater
of the pilot total fuel indicator. The differ-
ence between the two should not exceed 300
pounds.

2.14.2.2 FUEL LOW Caution Lights. A L FUEL
LOW or R FUEL LOW caution light illuminates with
1,000 £200 pounds of fuel remaining in the respective
feed group. The RIO is provided with a single FUEL
LOW caution light that illuminates with one or both of
the pilot FUEL LOW caution lights.

Each FUEL LOW caution light is illuminated by
two thermistors operating in series. One set of thermis-
tors is in the right box-beam tank and cell No. 2. The
other set of thermistors is in the left box-beam tank and
cell No. 5. The FUEL LOW light illuminates only if
both thermistors operating in series are uncovered.
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NOMENCLATURE

FUNCTION

@ QTY SEL switch

@ WING/EXT TRANS switch

In-flight refueling probe
transition light

@ DUMP switch

WING —

FEED —

EXT —

FWD —

NORM —
(guarded
position)

AFT —

ORIDE —

AUTO —

OFF —

Fuel quantity in each wing is displayed on L and R counter of
pilot’s fuel quantity indicator.

Rocker switch spring returns to FEED when not held in WING or
EXT FEED group fuel quantity displayed on L and R counter of
pilot’s fuel quantity indicator.

Fuel quantity in each external tank displayed on L and R
counter of pilot’s fuel quantity indicator.

Both engines feed from right and forward tanks. Opens sump
tank interconnect valve, box beam vent valves, fuselage motive
flow isolation valve, defueling and transfer selector valve, and
shuts off motive flow fuel to all aft tank ejector pumps.

Right engine feeds from forward and right tanks. Left engine
feeds from aft and left tanks.

Both engines feed from aft and left tanks. Opens sump tank
interconnect valve, box beam vent valves, fuselage motive flow
isolation valve, defueling and transfer selector valves, and shuts
off motive flow fuel to forward tank ejector pumps.

Airborne — Allows transfer of wing fuel, fuselage tank pressur-
ization, and pressurization and transfer of external tanks with
landing gear down, and with electrical malfunction in transfer
system.

Weight on Wheels — Allows transfer of wing and external tank
fuel.

Airborne — Normal position. Wing fuel is automatically trans-
ferred. Transfer of external fuel and fuselage pressurization is
automatic with landing gear retracted. Automatic shut off of wing
and external tanks when empty.

Weight on Wheels — Automatic transfer of wing and external
tank fuel cannot be accomplished; switch must be set to ORIDE
for wing fuel transfer.

Closes solenoid operated valve to shut off motive flow fuel to
wing and also inhibits external tank transfer and fuselage pres-
surization. Spring return to AUTO when master test switch is
actuated in INST, when either thermistor in cell 2 and 5 is
uncovered, when DUMP is selected, or when REFUEL PROBE
switch is in ALL EXTD.

llluminates whenever probe cavity forward door is open during retraction or
extension of probe.

OFF —
DUMP —

Dump valve closed.

Opens a solenoid operated pilot valve, which ports motive flow
fuel pressure to open the dump valve and allows gravity fuel
dump overboard from cells 2 and 5. Wing and external tank
transfer automatically initiated. Dump electrically inhibited with
weight on wheels or speed brakes not fully retracted.

Figure 2-28. Fuel Controls and Indicators (Sheet 2)
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NOMENCLATURE

FUNCTION

@ REFUEL PROBE switch ALL EXTD —

RET —

@ Left and right FUEL SHUT
OFF PULL HANDLES

L and R FUEL LOW caution
lights (Also single light on
RIO CAUTION panel.)

BINGO caution light

group.

counter value.

L and R FUEL PRESS
caution lights

Extends refueling probe. Shuts off wing and external tank
fuel transfer to permit refueling of all tanks. Returns trans-
fer switch from OFF to AUTO.

FUS EXTD — Extends refueling probe. Normal transfer and feed. Used
for practice plugins, fuselage-only refueling, or flight with
damaged wing tank.

Retracts refueling probe.

Pulling respective handle manually shuts off fuel to that engine. Push for-
ward resets engine fuel feed shutoff valve to open.

Fuel thermistors uncovered in aft and left or forward and right feed group.
llluminates with approximately 1,000 pounds remaining in individual feed

llluminates when total fuel quantity indicator reads lower than BINGO

Indicates insufficient discharge pressure (less than 9 psi) from respective
turbine driver boost pump.

Figure 2-28. Fuel Controls and Indicators (Sheet 3)

WARNING I

® [f the thermistors in either cell No. 2 or No.
5 remain covered during a fuel transfer
failure, it is possible to partially deplete the
sump tank without illuminating the respec-
tive FUEL LOW caution light.

® When both FUEL LOW caution lights
illuminate, less than 1 minute of fuel is
available if both engines are operating in
max AB.

® If the OXY/BINGO CAUTION circuit
breaker (7F6) is pulled, the L and R
FUEL LOW caution lights will be
disabled.

2.14.2.3 Fuel Quantity Indication Test. Actua-
tion of MASTER TEST switch in INST causes the fuel
quantity indicator to drive to 2,000 pounds and illumi-
nates the FUEL LOW caution lights. The test can be
performed on the ground or in flight. The test does not
check the fuel probes or the thermistors. A test of the
bingo set device can be obtained concurrently with the
INST test by setting the bingo level at greater than 2,000
pounds. In this case, the BINGO caution light will

illuminate when the totalizer reading decreases to a
value less than the bingo setting.

2.14.3 Engine Feed. The feed group for each
engine is comprised of a box-beam tank and a sump
tank. The box-beam tanks hold approximately 1,300
pounds of fuel each and are fed from external tank
transfer, wing transfer, and fuselage transfer from cell
No. 2 or 5. When a box-beam tank is full, excess fuel is
returned to the fuselage tanks through an overflow pipe.
The sump tanks, which hold approximately 300 pounds
of fuel each, are located directly beneath the box-beam
tanks and have three sources of fuel (see Figure 2-29 for
identification of tank interconnects).

1. Interconnects A or B provide gravity sump from
the respective box-beam tank.

2. Interconnects C or D connect the sump tank to its
respective fuselage tank (cell No. 4 to cell No.
2/cell No. 3 to cell No. 5).

3. The sump tank interconnect line and valve E
connect the two sump tanks.

The proportion of fuel supplied to each sump tank
through the five interconnects (A through E) is a
function of the pressure differential existing at each of
the interconnects. The interconnect with the highest
pressure differential will provide the most fuel. Valve E
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Figure 2-29. Engine Fuel Feed
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is commanded open during low-fuel states and during
fuel balancing when the FEED switch is selected FWD
or AFT.

In a normal sequence, three situations can be
defined:

1. Situation 1:
a. Fuel in cell Nos. 2 and 5
b. FEED switch in NORMAL
c. Normal engine fuel flow (MIL thrust or less).

Under these conditions, the sump tank intercon-
nect valve is closed and the left and right systems
are isolated. The transfer capacity into the box-
beam tank exceeds the engine demand, ensuring
a full box-beam tank. The pressure head at inter-
connect A or B, created by the higher vertical loca-
tion of the fuel in the box-beam tank, is greater
than that created at interconnect C or D by the fuel
in either cell No. 2 or 5. Therefore, fuel to replen-
ish the sump tanks will come from the box-beam
tanks through interconnects A and B.

2. Situation 2:
a. Fuel in cell Nos. 2 and 5
b. FEED switch in NORM
c. High-engine fuel demands (afterburner).

Under these conditions, the sump tank intercon-
nect valve is closed and the left and right systems
are isolated. Engine fuel demand can exceed the
transfer rate into the box-beam tank. If this occurs,
the fuel level in the box-beam tank will start to
drop; however, the box-beam tanks are not vented,
resulting in a pressure drop above the declining
fuel level. This reduced pressure lowers the total
pressure at A and B below the pressure at C and D.
Therefore, the majority of the fuel to replenish the
sump tanks comes directly from fuselage cell Nos.
2 and 5 through interconnects C and D, respec-
tively. The reduction in box-beam tank fuel quan-
tity should not normally result in a feed-group
quantity indication of less than 1,200 pounds. If
the feed groups drop and then hold in the
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1,200-pound range during a high-speed dash, the
system is working normally.

3. Situation 3:
a. Fuel in either cell No. 2 or 5 has been depleted.
b. FEED switch in NORM.
c. Any normal engine demand.

When the low-level thermistor in either cell No. 2
or 5 is uncovered, both box-beam tanks are vented
and the sump tank interconnect valve is opened.
The two groups become a common system and
will seek a common level to equalize the static
pressure head. Fuel will flow through the open
sump tank interconnect valve only as a function of
differential pressure. With open vent valves, the
fuel in both box-beam tanks has a positive vent
pressure, forcing the fuel into the respective sump
tank through interconnect A or B.

Fuel in the sump tank is picked up by the turbine-
driven boost pump through a flexible pendulum pickup,
boosted to greater than 10 psi, and fed to the engine
through the engine feed line. Normally, the right boost
pump only feeds the right engine and the left boost
pump only feeds the left engine; however, the boost
pump output lines are connected by a normally closed
engine automatic crossfeed valve. If either boost pump
output pressure falls below 9 psi, as indicated by the
illumination of the appropriate FUEL PRESS caution
light, the engine automatic crossfeed valve is com-
manded open. The engine automatic crossfeed valve
allows fuel from the operating boost pump to supply
pressurized fuel to the engine on the failed side. The
engine automatic crossfeed valve is also opened when
either of the low level thermistors in cell No. 2 or 5 is
uncovered; however, if equal boost pump pressures
exist, negligible flow will occur through the valve.

2.14.3.1 L/R FUEL PRESS Caution Light. Illu-
mination of the L. or R FUEL PRESS caution light
results from a malfunction of the boost pump, failure of
the motive flow pump, exhaustion of fuel, or fuel flow
interruption. With illumination of the caution light, the
engine automatic crossfeed valve is commanded open
and the fuselage motive flow shutoff valve on the failed
side is automatically closed. Because of the reduced
pumping and transfer capacity while operating on a
single boost pump, afterburner operation is restricted to
altitudes below 15,000 feet. Fuel to both engines is

ORIGINAL



NAVAIR 01-F14AAP-1

supplied from the side with the operating boost pump;
therefore, a fuel quantity imbalance will result. Use of
the FEED switch to balance fuel quantity will override
the low-fuel pressure signal to the fuselage motive flow
shutoff valve, allowing normal fuel balancing
procedures.

Illumination of both FUEL PRESS caution lights
indicates the reduced (<9 psi) or loss of boosted fuel
pressure to both engines. Fuel will continue to be
supplied by suction feed; however, thrust settings
should be minimized and afterburner used only in
emergencies. Suction feed is drawn from an inlet at the
bottom of the fuel cell that does not incorporate a
flexible pendulum pickup.

CAUTION i

With a left or right FUEL PRESS light, flight
at zero or negative g should be avoided or
engine fuel starvation may result.

With both FUEL PRESS caution lights illuminated,
there is a potential that total loss of motive flow pressure
has occurred due to both motive flow pumps not
functioning. Total loss of motive flow pressure will
preclude transfer of any remaining wing fuel or fuel
dump and result in total segregation of the FWD/
RIGHT and AFT/LEFT systems since motive flow
provides the force to open the sump tank interconnect
valve. Without motive flow pressure, all fuselage fuel
transfer is by gravity, which makes the quantity of
usable fuel a function of aircraft attitude. At cruise
attitude, approximately 400 pounds of usable fuel will
be trapped in the aft fuselage.

After illumination of both fuel pressure caution
lights, any of the following events indicate that some
motive flow pressure is available:

1. Wing fuel transfer

2. With the FEED switch in FWD or AFT and no
transfer of external fuel:

a. The feed group of the selected side remains
full.

b. Fuel migration from one side to the other.

ORIGINAL
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2.14.3.2 Engine Fuel Feed During Afterburner
Operations. High afterburner fuel consumption
places extreme demands on the engine feed system. In
addition, the g forces experienced with afterburner use,
especially during unloaded accelerations (“bugouts’)
and low-g nose-high maneuvering, tend to reduce
forward fuel transfer to cell No. 5 and the left engine
sump tank (cell No. 3). When these conditions are
sustained, fuel in cell No. 5 is depleted by both
high-suction feed through the gravity transfer line (C)
(Figure 2-30), and by reducing gravity fuel transfer
from cell Nos. 6 and 7. Zero- or low-g (less than 0.5)
flight tends to force the fuel remaining in cell No. 5
toward the aft wall of the tank or, at reduced fuel level,
uncovers gravity transfer line (C) and allows air to be
drawn into the sump tank. Continued zero- or low-g
(less than 0.5) maneuvers will aggravate this condition
and increase the probability of air ingestion. If air enters
the boost pump and engine feed line, the fuel pressure
light will illuminate. If the maneuver is continued, the
left afterburner will blow out and subsequent left-
engine flameout can occur. Right-engine flameout can
follow after left-engine flameout because engine feed
crossfeed operation will reduce the effective output of
the right boost pump. Aircraft deceleration can further
interrupt fuel transfer from cell No. 2 to the right sump
through gravity transfer line (D) (Figure 2-31). Once
initiated, this sequence can occur rapidly and is
independent of total fuel state.

WARNING I

® During zero or negative-g flight, the oil
pressure light will normally illuminate
and activate the MASTER CAUTION
light. Subsequent illumination of a fuel
pressure light may go unnoticed, allow-
ing the pilot to continue the maneuver to
the point of afterburner blowout and
engine flameout.

In the presence of a fuel pressure light,
fuel demand must be reduced and posi-
tive g restored to prevent possible engine
flameout.

2.14.3.3 Fuel Shutoff Handles. Individual
engine fuel feed shutoff valves in the left and right feed
lines at the point of nacelle penetration are connected by
control cables to the FUEL SHUT OFF handles on the
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Figure 2-30. Aft Fuselage Fuel Transfer

pilot instrument panel. During normal operation, the
handles should remain pushed in so that fuel flow to the
engine fuel feed system is unrestricted. If a fire is
detected in the engine nacelle, the pilot should pull
(approximately 3 or 4 inches) the FUEL SHUT OFF
handle on the affected side to stop the supply of fuel to

the engine.
CAUTION i

FUEL SHUT OFF handles should be used
only in emergency situations. Damage to the
fuel pumps and lines may result if the
emergency fuel shutoff handle is used to
secure an engine.

Note

Engine flameout will occur approximately 4
seconds after the FUEL SHUT OFF han-
dle(s) is pulled with the throttle(s) at MIL.

With lower power settings, time to flameout
will increase (approximately 30 seconds at
IDLE).

2.14.4 Fuel Transfer

2.14.41 Motive Flow Transfer. With the excep-
tion of the external tanks, which utilize bleed air, all fuel
transfer is accomplished by gravity and motive flow. In
motive flow, a relatively small amount of pressurized
fuel moves at high speed through ejector pumps, using
the Venturi effect to induce flow of the transfer fuel. The
ejector pumps have no rotating parts or power require-
ments other than motive flow.

Like other elements of the fuel transfer system,
motive flow transfer is initially segregated to right and
left. The motive flow pump driven by the right engine
provides motive flow and pressure to drive the right
boost pump and to run the ejector transfer pumps in the
forward fuselage and right wing. The motive flow pump
driven by the left engine provides motive flow and
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Figure 2-31. Forward Fuselage Fuel Transfer

pressure to drive the left boost pump and runs the ejector
transfer pumps in the aft fuselage and left wing.

The path of the motive flow fuel is essentially the
same for either side. Fuel from the engine feed line is
pressurized by the engine-driven motive flow pump and
initially routed through the boost pump turbine. The
motive flow fuel is then routed through its respective
transfer system. As the pressurized fuel passes through
each ejector pump, it induces transfer fuel to flow along
with the motive flow fuel. This combination of fuel
eventually is transferred into the respective wing
box-beam tank.

There are four valves that control motive flow
transfer:

1. Motive flow isolation valve — Normally closed,
but when the low-level thermistor in cell No. 2 or
5 is uncovered or the FEED switch is out of
NORM, the valve is commanded open, providing
a path for motive flow fuel from a normally
operating side to cross over and power a malfunc-
tioning opposite side.
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2. Forward fuselage motive flow shutoff valve —
Normally open except when the R FUEL PRESS
caution light is illuminated or the FEED switch is
in AFT. When the valve is closed, all motive flow
transfer in the forward fuselage is shut off. If the
valve is closed because of the R FUEL PRESS
caution light, positioning the FEED switch to
FWD will open the valve.

3. Aft fuselage motive flow shut-off valve —
Normally open except when the L FUEL PRESS
caution light is illuminated or the FEED switch is
in FWD. When the valve is closed, all motive flow
transfer in the aft fuselage is shut off. If the valve
is closed because of the L FUEL PRESS caution
light, positioning the FEED switch to AFT will
open the valve.

4. Wing motive flow shut-off valve — The motive
flow to each wing passes through separate paths in
a single motive flow shutoff valve. The valve is
normally open except when:

a. The WING/EXT TRANS switch is in OFF or
in AUTO with both left and right wing
thermistors dry.



b. Weight is on wheels.

c. The REFUEL PROBE switch is in ALL
EXTD.

In any case, the wing motive flow shutoff valve can
be commanded open by selecting ORIDE on the
WING/EXT TRANS switch.

2.14.4.2 Forward Fuselage Transfer. Fuel in
cell No. 1 flows by gravity into cell No. 2 where two
motive flow ejector pumps transfer it into the right-wing
box-beam tank at approximately 18,000 pph. Fuel
entering the box-beam tank beyond engine demands
overflows through an overflow pipe back into cell No.
2. There is no fuel level control associated with fuselage
motive flow transfer; therefore, the fuel will continue to
circulate from cell No. 2 into the right box-beam tank
and back through the overflow pipe. When the fuel in
cell Nos. 1 and 2 is depleted, the motive flow ejector
pumps are shut off by their own low-level floats. In the
event of failure of the forward fuselage motive flow, the
fuel can reach the right sump tank by gravity flow
through interconnect D.

2.14.4.3 Aft Fuselage Transfer. Fuel in the aft
fuselage is transferred forward by scavenge ejector
pumps in cell No. 8 and the vent tank, single ejector
pumps in cell Nos. 6 and 7 and two ejector pumps in cell
No. 5. All aft motive flow transfer is into the left
box-beam tank, producing a rate of approximately
36,000 pph. This flow rate is approximately twice that of
the forward fuselage transfer rate because there are more
motive flow ejector pumps in the aft transfer system.
More fuel tanks and thus more motive flow ejector
pumps are required in the aft transfer system than the
forward transfer system because of the aircraft structural
configuration. Like the forward fuselage, aft fuselage
transfer does not have any high-level control associated
with it. Excess fuel in the box-beam tank passes through
an overflow pipe back into cell No. 5. When cell No. 5
is full, the fuel cascades into cell Nos. 6, 7, and 8. The aft
fuselage fuel will continue to circulate until consumed by
the engine. When their respective cell is empty, the
motive flow ejector pumps will be shut off by their own
low-level floats. The scavenge ejector pumps do not
incorporate shutoff floats. In the event of loss of aft
fuselage motive flow transfer, fuel may be gravity fed
forward to cell No. 5 and eventually to the left sump tank
through interconnect C.
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2.14.4.4 Wing Transfer. Wing fuel is transferred
by two motive flow ejector pumps located in each wing.
To prevent overfilling the fuselage, entry of wing fuel
into the box-beam tank is controlled by the refueling/
transfer shutoff valve. In the forward fuselage, excess
fuel overflows through an overflow pipe from the right
box-beam tank into cell No. 2, and then cascades into
cell No. 1. A high-level pilot valve senses when cell No.
1 is full and sends a signal to close the right refueling/
transfer shutoff valve, preventing additional wing fuel
from entering. When engine fuel consumption provides
room in cell No. 1 for additional fuel, the high-level
pilot valve will signal the refueling/transfer shutoff
valve to open. The sequence is identical for the left
box-beam tank and aft fuselage with the exception that
the high-level pilot valve is located in cell No. 7 and
controls the left refueling/transfer shutoff valve (see
Figure 2-32 for wing and external tank fuel transfer).

Normally wing fuel can only transfer to the box-
beam tank on its respective side except when the
thermistor in either cell No. 2 or 5 is uncovered or the
FEED switch is selected FWD or AFT. For either
condition, the motive flow isolation valve opens,
making motive flow pressure available to either wing
from either engine and the two defuel/transfer selector
valves open permitting fuel from either wing to transfer
to either box-beam tank. Total loss of wing motive flow
will preclude transfer of any remaining wing fuel.
Failure of either high-level pilot valve or refueling/
transfer shutoff valve to the closed position could cause
a single-wing transfer failure. Selection of FWD or AFT
on the feed switch opens the defuel/transfer selector
valves allowing the trapped wing fuel to transfer to the
opposite box-beam fuel tank.

Note

® Premature, automatic wing motive flow
valve shutoff may occur because of
formation of air bubbles in the wingtip
fuel thermistors. Pilot selection of
ORIDE with the WING/EXT TRANS
switch will reenable fuel transfer.

ORIDE transfer should not normally be
used unless AUTO transfer fails to com-
plete transfer of wing or external tank
fuel. ORIDE use when the wing tanks are
dry may allow air to enter the box-beam
tanks, reducing the efficiency of gravity
transfer to the sump tanks.
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Note

When the thermistor in either cell No. 2 or 5
is uncovered, the WING/EXT TRANS
switch will be deenergized from OFF to
AUTO. This automatic feature is to ensure
all wing and external fuel has been trans-
ferred. After 5 seconds, the pilot may reset
this switch to OFF.

A weight-on-wheels inhibit function prevents open-
ing of the wing motive flow shutoff valve. To transfer
wing fuel during ground operations, the WING/EXT
TRANS switch must be set to ORIDE to bypass the
weight-on-wheels function.

Activation of fuselage fuel dump automatically
initiates wing fuel transfer in sequence after external
tank transfer by automatically moving the WING/EXT
TRANS switch to AUTO if in OFF. Positioning the
REFUEL PROBE switch to ALL/EXTD also releases
the solenoid holding the WING/EXT TRANS switch in
OFF.

2.14.4.5 External Tank Transfer. External tank
transfer is also controlled by the WING/EXT TRANS
switch. When external tanks are installed, transfer from
the wings and external tanks occurs concurrently.
Transfer from the wings and external tanks cannot be
accomplished separately; however, the external tanks
should complete transfer before the wing tanks. Exter-
nal tank fuel is transferred by bleed air pressure
regulated to 25 psi. Maximum transfer rate of each
external tank is approximately 45,000 pph. External
tank fuel transfer into the fuselage is controlled by the
same valves that control wing transfer. Fuselage level is
controlled by the refueling/transfer shutoff valves and,
until both the defuel/transfer valves are commanded
open, external tank fuel can only transfer into the
box-beam tank located on the same side of the aircraft.

External tank transfer can be checked on the deck by
placing the WING/EXT TRANS switch to ORIDE or
selecting FLT GR UP with the MASTER TEST switch
and noting depletion of external tank fuel quantity. In
addition, when FLT GR UP is selected, the GO/NO GO
light on the MASTER TEST panel is illuminated by a
pressure switch in the aircraft pressure line leading to
the external tanks and indicates status of line pressure.

Since FLT GR UP serves to bypass the landing gear
down interlock in the external tank transfer circuit, the
WING/EXT TRANS switch must remain in the AUTO
(normal) position for this check.

NAVAIR 01-F14AAP-1

Note

® Verifying tank operation by observing
fuel transfer is both time consuming with
a full fuselage fuel load and aggravates
fuel slosh loads in the external tanks
during catapult launch.

® Engine rpm above idle may be required to
provide sufficient bleed air pressure for a
satisfactory check.

2.14.4.6 Vent Valve Failure. The vent valves in
the right and left box-beam tank are always commanded
open with the sump tank interconnect valve, making the
right and left feed groups a common system. This
function occurs when the low-level thermistor in cell
No. 2 or 5 is uncovered. To equalize the static pressure
head at the interconnect valve, the fuel in the sump tanks
will seek a common level. At matched engine demands,
each engine will feed from its own side and negligible
flow will occur across the sump tank interconnect valve.
If a vent valve fails to open, the additional vent pressure
on top of the fuel on the vented side creates a pressure
differential between the left and right sump tanks and
results in migration through the interconnect valve to
the side with the inoperative vent valve. Therefore,
sump tank replenishment of fuel to the side with the
failed vent valve will come primarily from the opposite
sump tank because the head pressure at the interconnect
valve (E) may be higher than that at interconnects A, B,
C, or D (Figure 2-29). A fuel quantity imbalance will
occur with the side of the properly operating vent valve
decreasing more rapidly than the malfunctioning side.
The box-beam tank with the malfunctioning vent valve
will eventually vent through the overflow pipe when the
respective fuselage tank (cell No. 2 or 5) is empty. If for
any reason the fuel is not transferred out of the
respective fuselage tank, the imbalance will continue
until the vented sump tank fuel quantity is low enough
to uncover the interconnect valve and line (256 pounds
approximately). This permits venting of the unvented
side and permits use of the balance of the fuel in the
sump tanks.

Vent valve malfunctions can create disconcerting
fuel imbalances. Although engine operation is not
affected and all of the fuel in the aircraft is available,
afterburner use should be avoided when low-feed group
fuel quantities are indicated. If both engine/boost
pumps are operating, there is no advantage in using the
cockpit fuel FEED switch to attempt to correct the
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imbalance. Positions other than NORM may simply
aggravate the imbalance.

2.14.5 Fuel Quantity Balancing. Fuel quantity
balancing is not normally required prior to completion
of wing/external tank transfer or until one fuselage tape
drops below 4,500 pounds. The procedure requires use
of the FEED switch, which opens the sump tank
interconnect valve, joining the FWD/RIGHT and
AFT/LEFT systems. With a high quantity in the
FWD/RIGHT group, the greater static head pressure,
particularly in noseup attitudes, can cause overfilling of
the AFT/LEFT group. To prevent this, the FEED switch
should be returned to NORM before the AFT/LEFT
tape reaches 6,200 pounds.

When the FEED switch is moved to select the
high-fuel quantity side, the following occurs:

1. Sump tank interconnect valve opens and provides
a fuel path between the right and left tanks.

2. Both box-beam tank vent valves open and provide
equal vent pressure on top of the fuel in each
box-beam tank, regardless of the fuel level.

3. Fuselage motive flow shutoff valve on the nonse-
lected (low-fuel quantity) side closes and termi-
nates the last source of transfer of that fuselage
fuel into its respective box-beam tank.

4. Motive flow isolation valve opens and provides
path for nonselected side motive flow pressure to
reach the opposite side. Thus motive flow transfer
should maintain a full box-beam tank on the
selected side.

5. Both defuel/transfer selector valves open and
permit either wing/external tank to transfer into
either wing box-beam tank.

The higher static pressure head created by the full
box-beam tank on the selected side results in the
nonselected side engine feeding primarily from the
sump tank interconnect rather than interconnecting A,
B, C, or D. With both engines feeding from the fuel in
primarily one side, the correction rate of the fuel
quantity imbalance is essentially a function of engine
demand.
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WARNING I

® During afterburner operations, NORM
shall be selected. FWD or AFT could
deplete fuel in sump tanks.

® Aircraft attitude will have a significant
influence on the direction of fuel move-
ment if FWD or AFT is selected. Nose-
down attitude will transfer fuel forward,
and noseup attitude will transfer fuel aft.

2.14.6 Fuel Transfer/[Feed During Single-
Engine Operation. Loss of an engine before the
low-level thermistor in either cell No. 2 or 5 is
uncovered will terminate all motive flow transfer on the
failed side. External tank fuel will continue to transfer
if room is available in the failed side fuselage tanks. If
no pilot action is taken, the operating engine will feed
only from its own side. This will lead to a fuel imbalance
that can normally be corrected through the use of the
fuel FEED switch. Selecting the high side (inoperative
engine side) results in the following:

1. Selected side fuselage motive flow shutoff valve
is opened. The valve was commanded closed
when the FUEL PRESS caution light illuminated.

2. Operating side fuselage motive flow shutoff valve
is closed and stops operating side fuselage fuel
transfer into the box-beam tank.

3. Motive flow isolation valve opens. Operating side
motive flow pressure now powers the inoperative
side. Failed side fuselage fuel will begin transfer-
ring into its respective box-beam tank.

4. Sump tank interconnect valve opens and provides
a path for the inoperative side fuel to reach the
operating engine.

5. Wing box-beam tank vent valves open and
equalize the pressure above the fuel in each wing
box-beam tank permitting the higher static pres-
sure created by the full-wing box-beam tank on
the inoperative side to induce flow through the
open sump tank interconnect valve to the operat-
ing engine.

6. Both defuel/transfer selector valves open and
allow either wing or external tank fuel to transfer
into either wing box-beam tank.



If no crew action is taken with the FEED switch, the
same fuel system functions are automatically provided
when the thermistor in either cell No. 2 or 5 is
uncovered. Additional actions that will occur when the
cell No. 2 or 5 thermistor is uncovered are:

1. Both right and left fuselage motive flow shutoff
valves open, overriding any previous commands
to close. Manual override of each valve is still
provided through the FEED switch.

. Engine crossfeed valve receives a redundant
command to open. An initial command was
provided when the FUEL PRESS caution light
illuminates.

3. WING/EXT TRANS switch will automatically
go to AUTO if originally in OFF. If desired, OFF
can be reselected after 5 seconds.

2.14.6.1 Sump Tank Interconnect Valve
Failure. The major fuel system consideration while
operating with a single engine is that the sump tank
interconnect valve opens when commanded. This
constitutes the only path through which inoperative side
fuselage fuel can reach the operating engine. While the
probability of an inoperative sump tank interconnect
valve is very low, the consequences of a malfunction
under single-engine conditions are severe, particularly
at landing fuel weights. With a failed-closed sump tank
interconnect and full fuselage cells on the inoperative
side, only the wing fuel on the inoperative side and
external fuel can be transferred into the operating side
fuselage. Attempts to transfer the fuel from the inopera-
tive side with the FEED switch compound the problem
when the motive flow isolation valve and inoperative
side motive flow shutoff valve open. Operating side
motive flow fuel, pumped through the open motive flow
isolation valve to permit inoperative side wing and/or
fuselage motive flow transfer, cannot be retrieved. Fuel
migration is approximately 100 pounds per minute
because of wing transfer, and approximately 200
pounds per minute for fuselage transfer. Coupled with
a normal engine demand of approximately 100 pounds
per minute, a balancing attempt will result in usable fuel
in the operative side being depleted at approximately
400 pounds per minute.

Note

Operating side fuel remaining can be pro-
tected by pulling the FUEL SHUT OFF
handle for the inoperative side and concur-
rently selecting the operative side on the
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FEED switch. This will eliminate a potential
fuel-path across the engine automatic cross-
feed valve, through the inoperative sump
tank boost pump, into the inoperative side.

If the sump tank interconnect is failed closed, the
following additional considerations apply.

With the FEED switch selected to the operating side:

1. Wing and external tank fuel from both sides will
transfer into the operating side fuselage if the
inoperative side fuselage is full.

If DUMP is selected, wing motive flow is
automatically activated; therefore, approximately
100 pounds per minute of fuel available to the
operating engine will be lost.

2.14.7 Fuel Dump. Figure 2-33 shows aircraft fuel
system components associated with fuel dump opera-
tion. Fuel dump standpipes in the forward (cell No. 2)
and aft (cell No. 5) fuselage tanks are connected to the
fuel dump manifold at the dump shutoff valve. The
manifold extends aft to the fuselage boattail. Actuation
of the fuel DUMP switch to DUMP supplies power (dc
essential No. 2) to open the solenoid-operated pilot
valve, which ports motive flow fuel pressure to open the
dump shutoff valve with weight off the main landing
gear and the speedbrakes retracted.

The fuel DUMP switch circuit is deactivated on
deck or with speedbrakes extended. Fuel dump with the
speedbrakes extended is inhibited because of the
resulting flow field disturbance, which would result in
fuel impingement on the fuselage boattail and exhaust
nozzles. The speedbrake switch is electrically bypassed
during a combined hydraulic system failure, enabling
the pilot to dump fuel when the speedbrakes are
floating. The electrical bypass is accomplished when-
ever the combined pressure falls below 500 psi.

Note

® Dump operations with either engine in
afterburner should be avoided since the
fuel dump mast discharge will be
torched.

After terminating fuel dump, wait
approximately 1 minute to allow residual
fuel in the fuel dump line to drain before
extending speedbrakes or lighting
afterburners.
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Figure 2-33. Fuel Vent and Dump

Fuel in the wings and external tanks is dumped by
transferring to the fuselage. When the fuselage
fuel-dump circuit is activated, wing and external tank
transfer to the box-beam tanks is automatically initi-
ated. Fuel dump is by gravity flow with a nominal
discharge rate of 1,500 pounds per minute. The dump
rate is affected by aircraft pitch attitude and total
fuselage fuel quantity with discharge flow inhibited at
nosedown conditions. The standpipes in the fuel cells
control the minimum fuel-dump level in the tanks,
which under normal operations (feed group full) is
approximately 4,000 pounds.

2.14.8 Internal Tank Pressurization and
Vent. The internal fuel vent system is shown in
Figure 2-33. It is an open-vent-type system, pressurized
by ram air and engine bleed air from the 25-psi external
tank pressure system, which is reduced to 1.75 psi by a
fuselage pressure regulator and distributed to all tanks
through the fuselage vent system. This air is automati-
cally supplied when the landing gear handle is UP or the
WING/EXT TRANS switch is in ORIDE. When the
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WING/EXT TRANS switch is in OFF, the low-pressure
bleed air is cut off.

In flight, the vent tank is maintained at a positive
pressure up to 2.5 psi maximum. This pressure is fed by
connecting lines to all internal tanks. These connecting
lines are routed to provide venting to both the forward
and aft end of each fuselage tank so it can function as
both a climb and dive vent. Venting of the box-beam
tanks is controlled by solenoid-operating valves that,
when closed, provide suction transfer through the
gravity flow paths in cell Nos. 2 and 5 to the sump tanks.

2.14.9 Fueling and Defueling. Figure 2-34
shows the refueling system. The aircraft is equipped
with a single-point refueling system that enables
pressure filling of all aircraft fuel tanks from a single
receptacle. The receptacle is at the recessed ground
refuel and defuel station, behind a quick-access door on
the lower right side of the forward fuselage. The
maximum refueling rate is 450 gpm at a pressure of 50
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Figure 2-34. Refueling System

psi. Since ground and air refueling connections use a
common manifold, the refueling sequence is the same.

Standpipes refuel the aft and forward fuselage tanks
by overflow from the left and right box-beam tanks. A
high-level pilot valve at the high point of the forward
tank shuts off the fuselage refueling valve in the right
box-beam tank when the forward tank group is full. Fuel
flows from the left box-beam tank to cell No. 5, after
which it overflows to the right side then the left side. A
high-level pilot valve at the high point of the left
box-beam tank and aft tank (cell No. 7) shuts off the
fuselage refueling valve in the left box-beam tank when
the aft tank group is full. Individual wing and external
tank filling is accomplished by flow through a shutoff
valve in each tank.

CAUTION !

Gravity refueling of the aircraft fuel system
should be accomplished only under emer-
gency situations. While performing such an
operation, avoid introducing contaminants
into the fuel tanks or damaging the fuel
quantity probes and wiring.

2.14.9.1 Precheck System. Ground refueling
control is by two precheck selector valves and a vent
pressure gauge adjacent to the refueling receptacle on
the ground refuel and defuel panel. The precheck valves
functionally test high-level pilot valve operation inci-
dent to ground pressure refueling; the valves separately
check the pilot valves in the fuselage tanks and the wing
and external tanks. In addition to this precheck function,
the precheck valves can be used for ground selective
refueling of only the fuselage or all tanks. Since the
precheck valves, which are manually set by the
ground-crew, port pressurized servo fuel to the high-
level pilot valves and subsequently to the shutoff valves,
no electrical power is necessary on the aircraft to
perform ground refueling operations. Additionally,
ground refueling control without engines running is
completely independent of switch positioning on the
fuel management panel. The direct-reading vent pres-
sure indicator monitors pressure in the vent lines. The
gauge consists of a pointer on a scale having two bands:
one green and one red.

The green band indicates a safe pressure range (0 to
4 psi) and the red band indicates an unsafe range (4 to

8 psi).
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CAUTION

During ground refueling operations, the
direct-reading vent pressure indicator shall
be observed and refueling stopped if pres-
sure indicates in the red band (above 4 psi).

2.14.10 In-Flight Refueling

Note

Refer to Chapter 9 for in-flight refueling
procedures.

The in-flight refueling system permits partial or
complete refueling of the aircraft fuel tanks while in
flight. The retractable refueling probe has an
MA-2-type nozzle that is compatible with any drogue-
type refueling system. A split refueling system is
provided with fuel routed into the left and right
box-beam tanks for initial replenishment of sump tank
fuel. Selectable fuel management controls dictate the
extent of further distribution to the wing tanks, external
tanks, and/or fuselage tanks. The maximum refueling
rate is approximately 475 gallons per minute at a
pressure of 57 psi.

WARNING I

To prevent fuel fumes from entering the
cockpit through the ECS because of possible
fuel spills during in-flight refueling, select
L ENG air source.

CAUTION i

Maximum airspeed for extension or retrac-
tion in flight of the refueling probe is 400
KIAS (0.8 IMN).

Note

With the in-flight refueling probe
extended, the pilot and RIO altimeter and
airspeed and Mach indicators will show
erroneous indications because of changes
in airflow around the pitot static probes.

Flight operations with in-flight refueling
probe door removed are not recom-
mended because of effects of water
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intrusion, exposure to elements, and
structural fatigue to electrical hydraulic
hardware assemblies. If operational
necessity dictates, the in-flight refueling
probe door may be removed to prevent
damage, loss, or engine FOD.

The RUDDER AUTH caution light may
illuminate when the in-flight refueling
probe is extended. Press the MASTER
RESET button to reset the light.

2.14.10.1 In-Flight Refueling Probe. The
retractable in-flight refueling probe is in a cavity on the
right side of the forward fuselage section, immediately
forward of the pilot vertical console panel.

Extension of the refueling probe is provided through
redundant circuits by the REFUEL PROBE switch. A
hydraulic actuator within the probe cavity extends and
retracts the probe. The probe actuator is powered by the
combined hydraulic system. It can be extended and
retracted by means of the hydraulic handpump in the
event of combined system failure.

CAUTION

Loss of combined pressure may indicate
impending fluid loss. Without fluid in the
combined system return line, the in-flight
refueling probe will not extend with the
handpump. Early extension of the refueling
probe at the first indication of a combined
system malfunction is recommended in a
carrier environment.

Note

To extend or retract the refueling probe using
the hydraulic handpump requires the refuel
probe switch to be placed in EXT or RET (as
appropriate), combined system fluid in the
return line, and essential dc No. 2 electrical
power. With a total loss of combined hydrau-
lic pressure in flight, fluid trapped in the
return line/handpump reservoir can be iso-
lated exclusively for refueling probe exten-
sion if the landing gear handle is in the UP
position. Extension of the refueling probe
requires approximately 25 cycles of the
pump handle.



Note

Probe retraction is not available if the FUEL
P/MOTIVE FLOW ISOL V (P-PUMP)
circuit breaker (RG1) is pulled.

2.14.10.2 Refueling Probe Transition
Light. The red probe transition light immediately
above the REFUEL PROBE switch illuminates when-
ever the probe-cavity forward door is not in the closed
position. Since the closed-door position is indicative of
both the probe retracted and extended position, the light
serves as a probe transition indicator as well as a
terminal status indicator. The probe external light
illuminates automatically upon probe extension with
the EXT LTS master switch ON.

2.14.10.3 In-Flight Refueling Controls. Re-
gardless of fuel management panel switch positioning,
at low-fuel states, the initial resupply of fuel is
discharged into the left and right box-beam tanks. The
split refueling system to the left and right engine feed
group provides for a relatively balanced cg condition
during refueling. Selective refueling of the fuselage or
all fuel tanks is provided on the REFUEL PROBE
switch with the probe extended. In FUS/EXTD, normal
fuel transfer and feed is unaltered. This position is used
for practice plug-ins, fuselage-only refueling, or return
flight with a damaged wing tank. The ALL/EXTD shuts
off wing and external drop tank transfer to permit the
refueling of all tanks.

2.14.11 Hot Refueling. Hot refueling can be
accomplished with the refueling probe extended or
retracted. If the probe is extended, control of the tanks
to be refueled is accomplished in the same manner as
during inflight refueling. If the probe is not extended,
select WING/EXT TRANS switch to OFF to refuel all
tanks. Select ORIDE to refuel the fuselage only.

2.14.12 Automatic Fuel Electrical Controls

2.14.12.1 Automatic Low-Level Wing Transfer
Shutoff. A thermistor is located at the low point in
each wing cell. When both are uncovered, a discrete
electrical signal is generated; through a control, the
wing motive flow shutoff valve is energized and closes,
terminating all wing transfer. If either or both thermis-
tors are again submerged, wing transfer resumes.

Failure of this override system could result in a wing
transfer failure. Selection of WING/EXT TRANS
switch to ORIDE removes all power from the wing
motive flow shutoff valve, permitting it to open.
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2.14.12.2 Automatic Fuel Low-Level
Override. Under normal operating conditions, the
forward and right fuselage tank complex is isolated
from the aft and left tank. This is necessary for proper
longitudinal cg control and battle-damage conditions.
However, as fuel depletion progresses to the point of
sump tank only remaining, it becomes mandatory that
the tanks be connected to maintain an equal balance. To
accomplish this, two thermistors are located at the low
points in cell Nos. 2 and 5. When either is uncovered
(approximately 1,700 to 2,000 pounds per side) the
following operations are electrically performed.

1. Sump tank interconnect valve is opened.
2. Motive flow isolation valve is opened.
3. Box-beam vent valves are opened.

4. Engine crossfeed valve is opened.
5

. WING/EXT TRANS switch is energized to move
from OFF to AUTO. This signal is maintained for
5 seconds.

6. Defuel transfer selector valves are opened.

WARNING I

Uncovering either thermistor in cell No. 2 or
5 will only move the WING/EXT TRANS
switch from OFF to AUTO but under no
circumstances will it override a wing trans-
fer failure.

2.15 ELECTRICAL POWER SUPPLY
SYSTEM

In normal operation, ac power is supplied by the
engine-driven generators. This ac power is converted by
two transformer-rectifiers into dc power (refer to
FO-7). One generator is capable of assuming the full ac
power load and one T/R is capable of assuming the full
DC power load. Additionally, a hydraulic-driven emer-
gency generator provides an independent backup sup-
ply of both ac and dc power for electrical operation of
essential buses. Ground operation of all electrically
powered equipment is provided through the supply of
external ac power to the aircraft. Switching between
power supply systems is automatically accomplished
without pilot action; however, sufficient control is
provided for the flightcrew to selectively isolate power
sources and distribution in emergency situations. See
Figure 2-35 for a functional description of the control
switches. All electrical circuits are protected by circuit
breakers accessible in flight to the pilot and RIO.

ORIGINAL



NAVAIR 01-F14AAP-1

S MASTER GEN

L R
— NORM —

(é- seser q’é
= TEST -

E/e
%
|
7
;

——

PILOT'S DC ESSENTIAL 3
CIRCUIT BREAKER PANEL \

P

(J0NUB R

I
LI
LR O
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NOMENCLATURE

FUNCTION

@ MASTER GEN switch
(lock lever)

@ EMERG generator switch

@ L GEN and R GEN caution
lights

@ TRANS/RECT advisory light

NORM — Connects the generator to the main buses through the line
contact.

OFF/RESET — Disconnects generators from the buses. Reset the genera-
tor if tripped by an overvoltage, undervoltage, or fault
condition.

TEST — The generators are energized but are not connected to the
buses. Provides a means to analyze a system malfunction
indicated by a generator caution light when an attempt to
reset a generator is unsuccessful.

NORM — Safety guard down. Emergency generator is automatically
connected to the essential buses If both DC power sources
fail.

OFF/RESET — Safety guard must be lifted. Disconnects the emergency
generator from the essential buses. Resets the generator if
tripped by an undervoltage or underfrequency condition.

GEN caution lights are on the pilot’s caution/advisory light panel. Each light
is tied to its respective main ac contact and is powered by the essential bus
no. 2. lllumination of the L GEN or R GEN caution light indicates that the
corresponding generator is not operating due to a fault in the generator,
generator control unit, or electrical distribution system.

A TRANS/RECT advisory light is on the lower half of the pilot’s caution/
advisory indicator panel. lllumination of the TRANS/RECT advisory light
indicates that the operable transformer-rectifier is powering the total DC
load, or that a dual transformer-rectifier failure has occurred.
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2.15.1 Normal Electrical Operation

2.15.1.1 Main Generators. Two engine-driven,
oil-cooled IDGs produce the normal 115- to 200-volt,
400 Hz, three-phase ac electrical power. The normal
rated output of each generator is 75 kVA, which is
sufficient to individually assume the complete electrical
load of the aircraft. Each main ac generator is controlled
by a separate switch on the pilot MASTER GEN control
panel. Indication of a main power supply malfunction
is provided by a L GEN and R GEN caution light. The
IDG oil system is used for cooling as well as lubricating
the IDG. The oil is normally cooled by the IDG air/oil
cooler and returned to the constant speed drive for
recirculation. When AB is used, additional cooling is
provided by the AB fuel/oil cooler before returning to
the IDG. Should an excessive amount of heat be
developed in an IDG, a thermally (390 °F) actuated
device automatically decouples the input shaft from the
remainder of the CSD, protecting both the CSD and
generator. There are no provisions for recoupling the
IDG unit in flight.

CAUTION

Failure of the weight-on-wheels circuit to the
in-flight mode while on the deck will cause
the loss of ECS engine compartment air
ejector pumps, causing a subsequent IDG
disconnect and illumination of the GEN light.

2.15.1.1.1 Generator Control Units. Generator
output voltage and frequency are individually moni-
tored by GCUs, which prevent application of internally
generated power to the aircraft bus system until the
generator output is within prescribed operating limits.
With the main generator switch in NORM, the applica-
ble generator is self-excited so that, during the engine
start cycle, it automatically comes on the line at
approximately 60-percent rpm under normal load
conditions. Likewise, during engine shutdown, the
GCU automatically trips the generator off the line as the
power output decreases below prescribed limits at
approximately 55 percent.

During normal operations, the generator control
switches remain in NORM continuously. However,
subsequent to an engine shutdown, stall, or flameout in
flight where the GCU has tripped the generator off the
line, the reattainment of normal engine operation will
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not automatically reset the generator unless the engine
speed decreases below about 30-percent Np rpm. If a
transient malfunction or condition causes the generator
to trip, the generator must be manually reset by cycling
the applicable generator control switch to OFF/RESET
then back to NORM.

When normal reset cannot be accomplished, TEST
on the generator control switch allows the generator to
be excited but not connected to the aircraft buses. In test,
a CSD, generator, or GCU failure causes the GEN light
to remain illuminated. If the light goes out, the problem
is in the distribution system.

2.15.1.2 Transformer-Rectifiers. Two trans-
former rectifiers convert internal or external ac power
to 28-Vdc power. A single TRANS/RECT advisory
light on the pilot advisory panel provides failure
indication for one or both transformer-rectifiers. No
flightcrew control is exercised over transformer-
rectifier operation aside from controlling the ac power
supply or circuit breakers for the power converters. The
transformer-rectifiers have a rated output of 100
amperes each. Each unit is capable of assuming the
complete dc electrical load of the aircraft. Forced air
cooling is provided with engines running to dissipates
the heat generated by the power converters.

2.15.1.3 External Power. Ground power is
applied through a receptacle just aft of the nosegear. The
pilot has control over external power application only
through hand signals to the plane captain. An external
power monitor prevents application of external power
that is not within tolerances and disconnects external
power from the buses if undervoltage, overvoltage,
underfrequency, overfrequency, or phase reversal
occurs. Power can be reapplied to the aircraft by pressing
the reset button adjacent to the receptacle, provided it is
within prescribed limits. External electrical power is
automatically inhibited from VDIG, PMDIG, AICS,
APX-76, CADC, and CSDC without external air-
conditioning connected to the aircraft. When the left
generator comes on line during start, it automatically
disconnects external power. Although there is no direct
cockpit indication of external power being applied after
one generator is operating, the HYD TRANSFER
PUMP will not operate if the external power plug is still
in the aircraft receptacle.

2.15.2 Electrical Power Distribution. Electri-
cal power is distributed through a series of buses. Under
normal operation, the ac generator power distribution is
split between the left and right main ac buses. Failure of
either main ac generator trips a tie connector to connect
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both buses to the operative generator. If the bus tie fails
to trip when the generator goes bad, the respective
transformer-rectifier will not be powered and the
indication of this double failure will be a L GEN or R
GEN caution light and a TRANS/RECT advisory light.
The left and right main ac buses in turn supply ac power
directly to the respective transformer-rectifiers, and the
left main ac bus also supplies power to both essential ac
buses under normal operation.

External power is distributed through the aircraft
electrical system in the same manner as main generator
power. Like the main ac generators, dc power distribu-
tion from the two transformer-rectifiers under normal
operations is split between the left and right main dc
buses. Failure of either transformer-rectifier trips the
respective tie contact to connect both main dc buses to
the operative transformer-rectifier. The TRANS/RECT
advisory light provides a direct indication of dc bus tie
status. An interruption-free dc bus interconnects the left
and right main dc buses to provide a continuous source
of dc power with failure of either main ac generator
and/or transformer-rectifier. The left main dc bus
additionally supplies power to both essential de buses
under normal operations. Power to the DFCS bus is
normally supplied from the interruption-free dc bus;
however, with an output failure from both transformer-
rectifiers, the DFCS bus load is automatically trans-
ferred to the essential No. 2 bus. Loss of main dc power
automatically activates the emergency generator. The
emergency generator is electrically inhibited by a
solenoid control valve energized by the left main dc bus.
Operation of the generator is automatically initiated,
connecting to the essential buses, with the loss of the left
main dc bus, regardless of other sources of ac or dc
power. Total loss of ac or dc power will consequently
result in the loss of the left main dc bus and therefore
activation of the emergency generator. This, in turn,
trips power transfer relays to change essential ac and dc
bus loading from the left main ac and dc buses to the
emergency generator, regardless of main generator
output status.

2.15.2.1 Circuit Breakers. Individual circuit
protection from an overload condition is provided by
circuit breakers that are all located in the cockpits for
accessibility in flight. The appropriate circuit breaker
will pop out and isolate a circuit that draws too much
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current, thus preventing equipment damage and a
possible fire.

CAUTION

;

Popped circuit breakers should not be reset
more than once nor held depressed unless the
associated equipment is absolutely required
by operational necessity. A popped circuit
breaker indicates an equipment malfunction
or an overload condition. Repeated resets or
forced depressions of popped circuit break-
ers can result in equipment damage and/or
serious electrical fire.

Cockpit circuit breaker panels are shown on FO-8
and FO-9. Circuit breakers in the pilot cockpit comprise
the majority of those required for essential aircraft
systems. The circuit breakers are arranged in rows and
are oriented so that the white-banded shaft of popped
breakers is readily visible for flightcrew surveillance.
Panels, rows, and columns of breakers are identified to
facilitate breaker location and designation. Placards
adjacent to the breakers identify individual circuit
breakers by affected components; amperage ratings are
indicated on top of each circuit breaker.

2.15.2.1.1 Circuit Breaker Location. The
alphanumeric system for locating circuit breakers in the
aircraft is as follows.

The panels in the RIO cockpit are labeled 1 through
8, starting left aft and proceeding clockwise (see Figure
2-36.) Thus, panels 1 to 4 are on the RIO’s left and
panels 5 to 8 are on his right. The pilot left- and
right-knee panels are designated L and R, respectively.
The first digit in the three-part locater is the alphanu-
meric, that identifies the circuit breaker panel.

The second part is a letter that designates the row in
which the circuit breaker will be found. The top row is
designated A, the next row lower is B, etc.

The third part is a number that designates the column
in which the circuit breaker will be found. The
innermost column of each panel 1, 2, 7, and 8 or aftmost
column on each panel 3, 4, 5, 6 L and R is designated
“1,” the next outboard/forward column is “2,” etc.
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3F6 ACESSBUSNO.2FDRPHA 1B3  AN/AWW-4 PH A

4F1  AC ESSBUSNO.2FDRPHB 1C4  AN/AWW-4 PH B

4F4 ACESSBUSNO.2FDRPHC 1B6  AN/AWW-4 PHC

214  ACM LT/SEAT ADJ/STEADY POS LT 3C3  ANGLE OF ATTK IND AC

4B6  ACM PNL LT/INS SYNC 7E3  ANGLE OF ATTACK IND DC
6D5  ACM PNL PWR 4F5  ANL ATTK TOTAL TEMP HTR
3C6 AHRSPHA 7C1  ANN PANEL PWR

4C1  AHRSPHB 7F3  ANN PILOT PANEL AUX PWR/TR-ADVSY
4C5 AHRS PHC 8C2  ANN PNL/DDI DIM CONTR

LF2 AICS L 8G2 ANT LOCK EXCIT

215 AICS L HTR 1F2 ANT SVOHYD PH A

7E2  AICS L LKUP PWR/EMER GEN TEST 1F4  ANT SVOHYD PHB

6A6  AICS L RAMP STOW 1F5  ANT SVOHYD PHB A
LG2 AICSR 1F6  ANT SVOHYDPHC

2|18 AICS R HTR 211 ANTICOLL/SUPP POS/POS LTS
7E1  AICS R LKUP PWR/ANTI-SKID 7C2  ANTI-ICE RAIN RPL/HK CONT
6A5 AICS R RAMP STOW RG2 ANTI-ICE/ENG/PROBE

8A4  AIM-54 MSL 7E1  ANTI-SKID/R AICS LKUP PWR
8G4  AIM-7 L BATT ARM 77 APN-154

5C4  APX-72 AC
6F7  APX-72DC

8l6  APX-72 TEST SET

7C7  ARA-63ILS DC

3A6 ARA-63ILS PHA

4A3  ARA-63ILS PHB

4A5 ARA-63ILSPHC

6B3  ARC-159 NO. 1

6D1  ARC-159 NO. 2

8D7  ARMT GAS INGEST PWR
4E6  AS/ARA48 ANT

1J2  ASW-27 AC

8G6  ASW-27 (DC)/DDI

8G3  AIM-7 R BATT ARM

RC2 AIR SOURCE CONTR

8B6  ALE-39 CHAFF/FLARE DISP
8B5 ALE-39 SEQ 1 &2 SQUIBS
7C8  ALPHA COMP/PEDAL SHAKER
4B3  ALPHAHTR

6C1 ALQ-126 DECM

1C2  ALQ-126 PH A

1C5 ALQ-126 PHB

1C6 ALQ-126 PHC

8C1 ALQ-167 STA1 &6

114 ALR-67 CMPTR

2F2  ALR-67 RCVR PHA LA3  AUTO PITCH DRIVE TRIM
2H3 ALR-67 RCVR PH B 2G6 AUTO THROT

2110 ALR-67 RCVR PH C 8B7 AUTO THROT DC

6B6  ALT LOW WARN 7G3  AUX FLAP/FLAP CONTR
8D1  AMC BIT/R DC TEST 6B7 AWG-15DC

8G1  AMCS ENABLE 5B5 AWG-15PH A NO. 1

8F5 AN/ALR-67 CONT 5B4 AWG-15 PH A NO. 2

3D7  AN/ARA-50 5D5 AWG-15 PH B NO. 1

7D6  AN/ARA-50 5D4 AWG-15 PH B NO. 2

1D2 AN/AWG-9 CMPTR PH A 5F5 AWG-15 PH C NO. 1

1D5 AN/AWG-9 CMPTR PH B 5F4  AWG-15PH C NO. 2

1D6  AN/AWG-9 CMPTR PH C

2D1  AN/AWG-9 PUMP 3 PH 3D3 BARO ALTM AC

2G3  ANIAWG-9 PUMP PH A 7C6  BARO ALT/TURN SLIP
2G6 AN/AWG-9 PUMP PH B 4F6  BDHI INST PWR/TACAN AC
2G7 AN/AWG-9 PUMP PH C 7E8  BDHI/TACAN DC

8H6  AN/AWW-4 7F6  BINGO/OXY CAUTION

Figure 2-36. Circuit Breaker Alphanumeric Index (Sheet 1 of 5)
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7F2
4A4
8D5

7A1

7C5
8D4
LA2
LB2
LC2
LH2
3D1

8A5
1G2
1G3
1G6
8D2
7D5
3B7
4B2
4B5

6B5
7A2
7G7
8D1

2G7
8C2
8G6
7B1

7D8
RD1
8E7

7D4
1J6
6C3
6C2
5F3
7C5
8H4
6B2
6B1
7E2
812

RB1
4C6
7D1

BLEED AIR/L OIL HOT
BLEED DUCT AC
BRAKE ACCUM SOV

CABIN PRESS

CAN/LAD CAUTION/EJECT CMD IND
CDNU

CHAN 1 CADC PH A

CHAN 1 CADC PH B

CHAN 1 CADCPHC

CHAN 2 CADC

COMB HYD PRESS IND
CONTR/DISPL SUBSYS
CONTR/DISPLAY PH A
CONTR/DISPLAY PH B
CONTR/DISPLAY PH C
COUNTING ACCEL/TARPS/FEMS
CSDC

CSDC PH A

CSDC PH B

CSDC PHC

DC ESS NO. 1 FDR

DC ESS NO. 2 BUS FDR
DC L TEST/RUDDER TRIM
DC R TEST/AMC BIT

DDI AC

DDI/ANN PNL DIM CONTR
DDI DC ASW-27

DFCS BUS FDR

DISPLAY PWR
DUMP/FUEL FEED

DYHR UNIT

ECS TEMP CONTR DC

EGI SDC

EIG NO. 1

EIG NO. 2

EIG WHT LTS

EJECT CMD IND/CAN-LAD CAUTION
ELEC COOLING

EMERG FLT HYD AUTO

EMERG FLT HYD MAN

EMER GEN TEST/L AICS LKUP PWR
EMERG GEN CONTR

ENG ANTI-ICE/VALVES

ENG L OIL PRESS

ENG OIL COOL

RG2
4D6
7G8
7F10
6A4
RE1
7A5
7G10

8D2
7C4
6C5
7C3
6C4
7G3
3E3
RE2
LD1

RF2
2A1

2B1

2C1

3D2
2H2
RD1
7F7
RCA1
RG1
7F1

3F2

7D3
7E4
7F9

7F5
7F4
8F4
7G1
8D6
8C3
8B3
2H5
8B3
813

1B1
1B4
1B7
8C4

ENG/PROBE/ANTI-ICE

ENG R OIL PRESS

ENG SEC

ENG STALL TONE

ENG STALL WARN LT

ENG START

EXHAUST NOZZLE/R ENG AFT CONT
EXT LT CONTR

FEMS/COUNTING ACCEL
FIRE L DET LT

FIRE L EXT

FIRE R DET LT

FIRE R EXT

FLAP CONTR/AUX FLAP
FLAP IND/TAIL/RUDDER
FLAP/SLAT CONTR SHUT-OFF
FLT CONTR AUTH AC
FLT CONTR AUTH DC
FLT HYD BACKUP PH A
FLT HYD BACKUP PH B
FLT HYD BACKUP PH C
FLT HYD PRESS IND
FORM/TAXI LT

FUEL FEED/DUMP

FUEL LOW CAUTION
FUEL MGT PNL

FUEL P/MOTIVE FLOW ISOL V (P-PUMP)
FUEL PRESS ADVSY
FUEL QTY IND AC

FUEL QTY IND DC

FUEL TRANS ORIDE
FUEL VENT VALVE

GEN L CAUTION

GEN R CAUTION

GND PWR/COOLING INTERLK

GND ROLL BRAKING/SPOILER POS IND
GND TEST BRAKE ACCUM SOV

GUN ARMED POWER

GUN CLR/GUN CONTR PWR DC

GUN CONTR PWR AC

GUN CONTR PWR DC/GUN CLR

GYRO PWR

HSD/ECMD PH A
HSD/ECMD PH B
HSD/ECMD PH C
HUD CAMERA DC

Figure 2-36. Circuit Breaker Alphanumeric Index (Sheet 2)
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1F1 HUD CAMERA PH A 1A5 L MAIN XFMR/RECT

1D4 HUD CAMERA PH B 7F2 L OIL HOT/BLEED AIR

1E5 HUD CAMERA PH C 3E6 L PH ATEST/P. ROLL TRIM
3C7 HUD PH A 4E2 L PH B TEST/P. ROLL TRIM
4C2 HUD PH B 4E5 L PH C TEST/P. ROLL TRIM
4C4 HUD PH C 4D1 L PITOT STATIC HTR

1A1 HV PWR SUP PH A 3B1 L TIT IND

1A2 HV PWR SUP PH B 8F7 LANTIRN POD PWR

1A3 HV PWR SUP PH C 7A3 LCH BAR NLG STRUT ADVSY
7E6  HYD PRESS IND 2H10 LIQUID COOLING CONTR AC
7G11  HYD PUMP SPOILER CONTR 8B4  LIQUID COOLING CONTR DC A

7E5  HYD VALVE CONTR
LD2  MACH TRIM AC

LD3  ICE DET RD2  MACH TRIM DC
6F3  ICS NFO LE2  MANUV FLAP/WG SWP DRIVE NO. 2
6F2  ICS PILOT 6B4  MASTER ARM

2G3  IFF AVAAC 8H5  MASTER TEST

8F6  IFF AADC 8A7  MCAP MDL

8H3  MECH FUZING STA 1/8
8H2  MECH FUZING STA 3/4
8H1 MECH FUZING STA 5/6
7G5  MLG HANDLE RLY NO. 1
7G4  MLG HANDLE RLY NO. 2
6F5 MLG SAFETY REL NO. 1
6F4 MLG SAFETY RLY NO. 2
8D3  MONITOR BUS CONTR
815 MOTOR FIRE A

8l4 MOTOR FIRE B

1G1 MSL AUX PH A

1G4 MSL AUX PHB

1G7 MSL AUXPHC

7C7  ILS ARA-63 DC

3A6 ILS ARA-63 PH A

4A3 ILS ARA-63 PHB

4A5 ILS ARA-63 PH C

7G9  INBD SPOILER CONTR
4B6  INS SYNC/ACM PNL LT
5D3  INST BUS FDR

216 INST LT

112 INTEG TRIM AC

8F3 INTEG TRIM DC

4A2 INTRF BLANKER

8I1 INTRPT FREE DC BUS FDR NO. 1

8C6 INTRPT FREE DC BUS FDR NO. 2 8A1  MSL AUX SUBSYS
2G2 MSLHTRPHA
6E3  JETT1 2G5 MSLHTRPHB
6E2  JETT2 2G8 MSLHTRPHC
7D7  JULIET 28
8B1  NAV EGI
LF2  LAICS 113 NAVPWR SUPPHA
215  LAICSHTR 115  NAV PWR SUP PH B
7E2 L AICS LKUP PWR/EMER GEN TEST 116 NAV PWR SUP PH C
6A6 L AICS RAMP STOW 212 NFO CONSOLE LT
8G4 L AIM-7 BATT ARM 7A3  NLG STRUT LCH BAR ADVSY
7G7 L DC TEST/RUDDER TRIM RB2 NOSE WHEEL STEER
7A4 L ENG AFT CONT/ARMT/RATS IND 5F6  NVG FLOOD LT
5A4 L ENG BACK-UP IGN
4C6 L ENG OIL PRESS 7F2  OIL L HOT/BLEED AIR
7C4  LFIREDETLT 7D2  OILRHOT
6C5 L FIRE EXT 8C5 OUTBD SPOILER CONTR
7F5 L GEN CAUTION 2B2  OUTBD SPOILER PUMP

Figure 2-36. Circuit Breaker Alphanumeric Index (Sheet 3)
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7F6
3F3

7C8
3E6
4E2
4E5
RA2
3E6
2H1
4E2
2H4
4E5
2H8
213
5A1
LB1
7B7
LH1
7B3
4D1
4D2
7E3
211
RG2
4F2
8C7

LG2
218

7E1

6A5
8G3
8D1
7A5
5A3
3C2
4D6
7C3
6C4
7F4
2E3
7D2
2H1
2H4
2H8
4D2
3B2

OXY/BINGO CAUTION
OXY QTY IND

PEDAL SHAKER/ALPHA COMP
P. ROLL TRIM/L PH A TEST

P. ROLL TRIM/L PH B TEST

P. ROLL TRIM/L PH C TEST

P. ROLL TRIM/SPD BK ENABLE
PH A L TEST/P. ROLL TRIM
PHARTEST

PHB L TEST/P. ROLL TRIM
PHBR TEST

PH C L TEST/P. ROLL TRIM
PHC R TEST

PILOT CONSOLE LT

PILOT INST LT

PITCH A AC

PITCH ADC

PITCHB AC

PITCH B DC

PITOT L STATIC HTR

PITOT R STATIC HTR

PLT ANN PNL AUX PWR/TR-ADVSY
POS/ANTICOLL/SUPP POS LTS
PROBE/ENG/ANTI-ICE

PROBE LT

PTID DC

R AICS

R AICS HTR

R AICS LKUP PWR/ANTI-SKID
R AICS RAMP STOW

R AIM-7 BATT ARM

R DC TEST/AMC BIT

R ENG AFT CONT/EXHAUST NOZZLE
R ENG BACK UP IGN

R ENG N2 TACH

R ENG OIL PRESS

R FIRE DET LT

R FIRE EXT

R GEN CAUTION

R MAIN XFMR RECT

R OIL HOT

RPHATEST

R PHB TEST

R PHC TEST

R PITOT STATIC HTR

R TIT IND

5D6
8A3
8A2
7C2
8G7
2C4
2G4
2B1

1F4
8F7
8F2
8F1

7B4
LB3
LA1

7B2
7G7
3E7
4E1

4E4
3E3

214
1E2
1E4
1E6
1J6
1H1
1H5
1H7
RA2
7G11
7G9
8C5
7GA
8E4
6D4
2G1
6C7
6C6
8E6
2H7
8E5
2H9
1E1
1E3
1E7
6D7
6D6

RADAR ALTM

RADAR SUBSYS NO. 1

RADAR SUBSYS NO. 2

RAIN REPL/ANTI-ICE CONTR/HKCONTR
RECCE ECS CONT/LANTIRN POD PWR
RECCE/LANTIRN PWR 3 PH

RECON ECS CONT AC

RECON HTR PWR PH A

RECON POD

RECON POD CONTR

RECON POD DC PWR NO. 1

RECON POD DC PWR NO. 2 A
ROLL A DC

ROLL A/YAW M

ROLL B AC

ROLL B DC

RUDDER TRIM/L DC TEST

RUDDER TRIM PH A

RUDDER TRIM PH B

RUDDER TRIM PH C
RUDDER/TAIL/FLAP IND

SEAT ADJ/ACM LT/STEADY POS LT
SEMI REG PWR SUP PH A
SEMI REG PWR SUP PH B
SEMI REG PWR SUP PH C
SIGNAL DATA CONVERTER
SOL PWR SUP PH A

SOL PWR SUP PH B

SOL PWR SUP PH C

SPD BK/P-ROLL TRIM ENABLE
SPOILER CONTR HYD PUMP
SPOILER CONTR INBD
SPOILER CONTR OUTBD
SPOILER POS IND/GND ROLL BRAKING
STA 1 AIM-9 COOL PWR

STA 1 AIM-9 REL PWR

STA 1 BOL PWR

STA 1 REL PWR A

STA 1 REL PWR B

STA 1A AIM-9 PWR

STA 1A AIM-9 PWR PH B

STA 1B AIM-9 PWR

STA 1B AIM-9 PWR PH C

STA 1/8 AIM-7 PH A

STA 1/8 AIM-7 PH B

STA 1/8 AIM-7 PHC

STA2, 3, &4 RELPWRA

STA 2, 3, &4 REL PWR B

Figure 2-36. Circuit Breaker Alphanumeric Index (Sheet 4)
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8H7
8D5
817
8G5
8H2
1D1
1D3
1 D7
1C1
1C3
1C7
6E7
6E6
8E1
6D3
2G4
6E5
6E4
8E3
217
8E2
219
7F8
5A5
5C5
214
211

3D6
7E8
4F6
3E3
2H2
1H2
1H3

STA3NO.1DC

STA4 NO.1DC

STA5NO. 1DC

STA6 NO. 1 DC

STA 3/4 MECH FUZING

STA 3/6 AIM-7/AIM-54 PUMP PH A
STA 3/6 AIM-7/AIM-54 PUMP PH B
STA 3/6 AIM-7/AIM-54 PUMP PH C
STA 4/5 AIM-7 PH A

STA 4/5 AIM-7 PH B

STA 4/5 AIM-7 PHC

STA 5,6, & 7 REL PWR A

STA 5,6, &7 REL PWR B

STA 8 AIM-9 COOL PWR

STA 8 AIM-9 REL PWR

STA 8 BOL PWR

STA 8 REL PWR A

STA 8 REL PWR B

STA 8A AIM-9 PWR

STA 8A AIM-9 PWR PH B

STA 8B AIM-9 PWR

STA 8B AIM-9 PWR PH C
STARTER VALVE LT/THRUST LIM
STBY ATTD IND PH A

STBY ATTD IND PH B

STEADY POS LT/ACM LT/SEAT ADJ
SUPP POS/ANTICOLL/POS LTS

TACAN ARM-84
TACAN/BDHI
TACAN/BDHI INST PWR
TAIL/RUDDER/FLAP IND
TAXI/FORM LT
TCSPHA

TCSPHB

EFFECTIVITY

TARPS aircraft only.

Labeled RECON POD on TARPS aircraft.

1H6
8A6
4D4
7D4
7F3

6F6
4D5

3B6
4B1
4B4

LE2
7G6
2H6
3B3
7G2
LE1

7C2
8B2

1A5
2E3

7B6
7B5
LCH
LC3
LB3

3F7
1B2
1B5
1B8

NAVAIR 01-F14AAP-1

TCSPHC

TCS SEL

TEMP CONT AC

TEMP CONTR ECS DC
TR-ADVSY/PLT ANN PNL AUX PWR

UHF CONTR
UTILITY LT

VDI PH A
VDI PH B
VDI PHC

WG SWP DR NO. 2/MANUV FLAP
WHEELS POS IND

WHITE FLOOD LT

WING POS IND AC

WING POS IND DC

WING SWEEP DRIVE NO. 1
WSHD AIR/ANTI-ICE/HK CONTR
WSHLD DEFOG CONTR

XFMR RECT L MAIN
XFMR RECT R MAIN

YAW A DC
YAW B DC
YAW A AC
YAW B AC
YAW M/ROLL A

26 VAC BUS FDR

28 VDC PWR SUP PH A
28 VDC PWR SUP PH B
28 VDC PWR SUP PH C

TARPS aircraft with ALQ-167 pod circuit breaker is labeled LIQ CLG/ALQ-167 CONTR DC.

Figure 2-36. Circuit Breaker Alphanumeric Index (Sheet 5)
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Note

Panel No. 1 row A, the column number-
ing is different from rows B to J.

Panel No. 2 rows A to F, the column
numbering is different from rows G to L.

2.15.3 Degraded Electrical Operation

2.15.3.1 Emergency Generator. The emergency
generator provides a limited but independent backup
source of ac (5 kVA or 1 kVA, 115/200 volts) and dc (50
amperes, 28 volts) power for flight-essential compo-
nents. It is driven by combined system hydraulic
pressure.

With normal combined hydraulic system operation,
the emergency generator powers the essential ac and dc
No. 1 and No. 2 buses and the DFCS dc bus in the 5 kVA
mode. Operation of the generator is automatically
initiated with the loss of dc left main bus even if other
dc buses remain energized. Approximately 1 second
elapses from the time of automatic initiation before the
generator delivers rated power to flight essential ac and
dc buses. This delay will force the DFCS computers into
a power-up BIT sequence, requiring a master reset to
regain spoilers, SAS, and ARI functions.

WARNING I

The spoiler actuators are mechanically
biased to the retracted position in order to
cause the spoilers to retract in the event that
the command signal from the DFCS is lost
(i.e., DFCS power failure). If this bias is
reversed, the affected spoiler will extend
instead of retracting when the command
signal is lost. A DFCS power failure coupled
with a reversed spoiler bias will result in a
fully deployed spoiler. All unaffected spoil-
ers will remain retracted and will not respond
to flight control inputs until the DFCS
command signals are restored.

Note

® DFCS synchronization can take up to 2
seconds following a power interrupt. If
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the MASTER RESET pushbutton is
depressed during the synchronization
time, an additional depression of the
MASTER RESET pushbutton will be
required to restore spoiler functionality.

Do not press and hold the MASTER
RESET pushbutton. Pressing and holding
the MASTER RESET pushbutton during
the synchronization time will have no
effect since the DFCS computers only
recognize the leading edge of the pulse
from the MASTER RESET pushbutton,
and not the fact that the button is continu-
ously depressed.

Pilot control of the emergency generator is through
the guarded EMERG switch on the MASTER GEN
control panel. The emergency generator is electrically
inhibited by a solenoid control valve energized by the
left main dc bus.

With the switch in NORM, operation of the genera-
tor is automatically initiated, connecting to the essential
buses, with the loss of the left main dc bus, regardless
of other sources of ac or dc power. Total loss of ac or dc
power will consequently result in the loss of the left
main dc bus and activation of the emergency generator.

The OFF/RESET switch position provides the pilot
with the capability of isolating emergency electrical
power from the aircraft buses (as in the case of an
electrical fire) or resetting the generator.

2.15.3.1.1 Emergency Power Distribution. An
emergency generator control unit monitors the emer-
gency generator output. If it senses that the emergency
generator cannot supply power within the proper
frequency and voltage tolerances, the control unit
disconnects the ac essential No. 2, dc essential No. 2,
and dc DFCS buses from the emergency generator (1
kVA mode). It is possible that this could happen if the
combined hydraulic system is not operating normally.
If combined hydraulic pressure subsequently recovers,
the emergency generator switch must be cycled through
OFF/RESET and back to NORM to regain the 5 kVA
mode, restoring power to the essential No. 2 and DFCS
buses. The DFCS computers will respond with a power
up BIT sequence, requiring a MASTER RESET to
regain spoilers, SAS, and ARI functions.



The exact hydraulic pressure at which the emer-
gency generator is unable to power all three buses is
dependent on the load placed on the generator and can
vary from 2,000 to 1,100 psi indicated. If the emergency
generator is required and there is a hydraulic emergency
that could lower combined system operating pressure,
the ac essential No. 2, dc essential No. 2, and dc DFCS
buses can be powered with lower hydraulic pressure by
securing non-essential equipment in order to reduce the
electrical load and to maintain DFCS functionality.

Note

When the emergency generator is operating
with one main hydraulic system inoperative,
large hydraulic flow requirements for flight
controls may cause loss of the ac essential
No. 2, dc essential No. 2, and dc DFCS
buses. To regain these buses, the emergency
generator switch must be cycled through
OFF/RESET to NORM after the hydraulic
pressure recovers.

2.15.3.1.2 Emergency Generator Test. An
operational check of the emergency generator can be
accomplished anytime the combined system is pressur-
ized and at least one main generator is on line by
selecting EMERG GEN on the MASTER TEST switch
and depressing the switch. This provides 28 Vdc to
activate the emergency motor-generator and checks the
tie contactors by connecting electrical power to the
essential ac and dc buses. The GO light on the MASTER
TEST panel indicates a satisfactory check. A malfunc-
tion in the emergency generator operation is indicated
by the NO GO light.

Note

During the emergency generator test the
essential ac No. 2 bus is switched between
the left main and emergency generator. The
DFCS computers detect this as a loss of ac
power and perform a power-up BIT
sequence when the emergency generator test
is completed. A MASTER RESET is
required to regain SAS and ARI functions.

2.16 HYDRAULIC POWER SUPPLY
SYSTEMS

The aircraft employs two main, independent, engine-
powered hydraulic systems, supplemented by two electro
hydraulic power modules, a bidirectional transfer unit, and
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a cockpit hand pump. The systems are pressurized to 3,000
psi and use MIL-H-83282 hydraulic fluid circulated
through stainless steel and titanium lines. Hydraulic fluid
is cooled by heat exchangers that use ejector air on deck.
Hydraulic power system controls and indicators are shown
in Figure 2-37. The components serviced by each
hydraulic power system are shown in FO-10.

2.16.1 Flight and Combined Systems

2.16.1.1 Engine-Driven Pumps. The flight and
the combined systems are each pressurized by engine
driven pumps. The flight hydraulic system pump is
driven by the right engine and the combined hydraulic
system pump by the left engine. Each of the main
systems is normally pressurized to 3,000£100 psi
anytime the respective engine is operating.

2.16.1.2 Hydraulic Pressure Light. A HYD
PRESS caution light illuminates when the discharge
pressure from either engine-driven hydraulic pump falls
below 2,100 psi; thereafter, the light goes out when
pressure in both systems via the engine-driven pumps
exceeds 2,400 psi. If the HYD PRESS caution light has
been illuminated by low pressure in one main system,
pressure failure in the other system will not cause the
MASTER CAUTION light to illuminate again. The
COMB and FLT gauges on the hydraulic pressure
indicator reflect system pressure provided by either the
engine driven pumps or the hydraulic transfer pump.
With both systems normally pressurized to 3,000 psi,
the gauge needles form a horizontal line.

Note

High-rate lateral movements may illuminate
the HYD PRESS light when engines are at
idle power.

2.16.1.3 Hydraulic Transfer Pump
(Bi-Directional Pump). To assure the continuance
of main system hydraulic pressure with an engine or
engine-driven pump inoperative, a second source of
pressure is provided by the hydraulic transfer pump. This
unit consists of two hydraulic pumps, one in each of the
main hydraulic systems, interconnected by a common
mechanical shaft. Thus, a pressure deficiency in one
system is automatically augmented using pressure in the
other system as the motive power. The result is bidirec-
tional transfer of energy without an interchange of system
fluid. The efficiency of the pump is such that a 3,000-psi
system on one side will pressurize the other system to
approximately 2,400 to 2,600 psi.
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Figure 2-37. Hydraulic System Controls and Indicators (Sheet 1 of 2)
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NOMENCLATURE

FUNCTION

@ HYD PRESS Indicator

@ HYD ISOL switch

@ BRAKE PRESSURE gage

@ HYD PRESS caution light

HYD TRANSFER PUMP
switch

@ EMERG FLT HYD switch

COMB and FLT — Indicates pump discharge pressure on each engine,

SPOIL —

EMER FLT —

HI  LOW

FLT —

T.O./LDG —

AUX —

PARK —

llluminates when hydraulic pressure from either engine-driven pump is
below 2,100 psi. It will go out with pressure In both systems at 2,400 psi or
above, if pressure is provided by engine-driven pumps.

SHUTOFF —

NORMAL —
(Guarded)

HIGH —

LOW —

AUTO (LOW) —

normally 3,000 psi, or hydraulic transfer pressure
approximately 2,400 psi.

When the outboard spoiler hydraulic module is pressur-
ized (1,950 to 2,050 psi) the ON flap appears. Pressure
below 1,900 to 1,800 psi: the OFF flag appears.

When pressure from the backup flight control hydraulic
module reaches 500+50 psi the ON flap appears.
Pressure below 350150 psi: the OFF flag appears.

Combined system hydraulic pressure is shut off to
landing gear, nosewheel steering, antiskid, and wheel
brakes.

Hydraulic pressure is available to all combined system
components.

Green segment indicates hydraulic pressure (2,150£50
to 3,000 psi) in the auxiliary brake accumulator;
auxiliary braking may be applied by ruddertoe pedals
(approximately 13 to 14 applications available). Red
segment indicates 1,900 to 2,150 psi (approximately 5
applications available).

Green segment Indicates hydraulic pressure (2,150+50
to 3,000 psi) in the parking brake accumulator; The
parking/emergency brake handle must be pulled to
apply emergency braking (approximately 3 applications
available). Red segment indicates 1,900 to 2,150 psi.

Guard must be lifted. Shuts off hydraulic transfer pump.
Should be activated when hydraulic pressure drops
below 500 psi and does not rise again within 5 seconds.

Safety guard down. Pressure loss below 2,100 psi in
one hydraulic system activates hydraulic transfer pump
to supply pressure from the other system.

Guard must be lifted. Activates the power module (high
speed mode) bypassing flight and combined 2,100-psi
switches.

Guard must be lifted. Activates the backup power
module (low-speed mode) bypassing flight and
combined 2,100-psiswitches.

Safety guard down. The backup flight control system is
automatically activated (low-speed mode) when
pressure in both the flight and combined systems is less
than 2,100 psi.

Figure 2-37. Hydraulic System Controls and Indicators (Sheet 2)
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To prevent damage to the hydraulic transfer pump
with the loss of system fluid on one side and to conserve
hydraulic power in the remaining good system, the
pump is automatically secured when pressure less than
500 psi is detected on either side of the pump for 10
seconds. In addition, the pilot can manually shut off the
hydraulic transfer pump by lifting the guarded HYD
TRANSFER PUMP switch, located aft on the right
outboard console.

CAUTION

If pressure in either system remains below
500 psi for 5 seconds, immediately lift the
guard and select SHUTOFF with the HYD
TRANSFER PUMP switch. Failure of the
hydraulic transfer pump to automatically
shut off after 10 seconds below 500 psi may
cause the driving system to cavitate and
overheat.

With ground electrical power connected to the
aircraft, the hydraulic transfer pump is deactivated and
can only be energized by a switch on the ground check
panel. Normally, with both engines running, the hydrau-
lic transfer pump is off. However with less than
2,100-psi hydraulic pump discharge pressure from
either system, the pump will automatically come on and
supply hydraulic power to the faulty system. The pilot
has no direct control over the direction of pump flow;
the system automatically shifts in the direction that
supplemental power is required. Because of the location
of the flight and combined system pressure switches,
the pressurization contribution of the hydraulic transfer
pump is reflected on the hydraulic pressure indicator
and may produce slight pressure fluctuations. Failure of
either hydraulic system (<2,100 psi) will cause the
HYD PRESS caution light to illuminate and remain
illuminated with operation of the hydraulic transfer
pump. If the failed system discharge pressure is restored
to normal operating pressure (>2,400 psi) by the
engine-driven pump, this HYD PRESS light will go out
and the hydraulic transfer pump will shut off.

2.16.1.4 Cockpit Handpump. A manually oper-
ated pump handle is provided as a supplementary source
of power for ground operations with engines shut down
and as a backup for the loss of combined system
pressure to operate the in-flight refueling probe or
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charge the brake accumulator. It is an extendable handle
in the pilot cockpit between the left console and ejection
seat. Forward and aft stroking of the handpump operates
a double-acting wobble pump. The pump, which draws
fluid from the combined system return line, recharges
wheelbrake accumulator pressure when the landing
gear handle is down. It also serves as a backup means of
extending/retracting the in-flight refueling probe by
placing the refuel probe switch in the desired position
(EXT or RET).

The handpump is the only means of pressurizing the
radome fold actuator, an operation that must be
manually selected and the radome unlocked on deck
from the nose wheel-well. The operation rate using the
handpump power source is a function of the number of
components selected. The recommended rate of opera-
tion is approximately 12 cycles per minute (a cycle is a
complete forward and aft movement of the pump
handle).

2.16.2 Hydraulic Power Distribution. The dis-
tribution of hydraulic power in the flight and combined
systems is shown in FO-10. Except for the left
empennage control surfaces, the flight system services
only those components on the right side of the aircraft
and does not penetrate into the wings. The combined
system distribution is more extensive throughout the
aircraft, yet its services are predominantly concentrated
to the left side and extend to the inboard sections of the
movable wing panels and to the landing gear. Although
the flight and combined systems are completely inde-
pendent of each other, in certain components, both
pressure sources are used without an interchange of
fluid. Both systems operate in parallel to supply power
for operation of the primary flight control surfaces
(except spoilers) and stability augmentation actuators.
If one system fails, the other can continue to supply
pressure for operation (with reduced power capability
of such components). If either or both main hydraulic
systems should fail, backup sources provide the capa-
bility for safe return flight and landing.

Major components in the combined and flight
hydraulic power supply systems are shown in FO-10.
Each system has a piston-type reservoir and filter
module in the sponson aft of the main landing gear strut
on the respective side (combined, left; flight, right).
Protrusion of mechanical pins on each filter module
indicates a clogged filter.



2.16.2.1 Hydraulic Priority Valves. The com-
bined and flight hydraulic systems each incorporate two
priority valves (1,800 psi and 2,400 psi) shown in
FO-10. Hydraulic fluid will not pass through the
one-way priority valves unless the input pressure
exceeds the cracking threshold of the valve. Basically,
the 2,400-psi priority valves give priority of the
individual engine-driven pump discharge pressure to
the primary flight controls (horizontal tails, rudders,
inboard spoilers) and stability augmentation actuators.
Conversely, the 1,800 psi priority valves give priority to
the remaining systems on the other side (inlet ramps,
wing sweep, etc.) with pressure supplied by the
hydraulic transfer pump. Under such circumstances, the
pilot should be aware of the hydraulic energy available
and demands of the various system components. Large
and abrupt control commands can rapidly consume total
energy with the engine(s) at IDLE speed. For example,
during a single-engine landing rollout if excessive
horizontal tail movements are commanded, the nose-
wheel steering and wheelbrake operation could be
temporarily lost.

2.16.2.2 Normal Hydraulic Isolation. The com-
bined system incorporates isolation circuits to limit
distribution of flight essential components. With the
LDG GEAR handle UP, normal isolation may be
selected by the pilot to prevent loss of hydraulic fluid in
the event of material failure or combat damage to the
isolated systems. Normal isolation electrically shuts off
hydraulic pressure to wheelbrakes, antiskid, landing
gear, and nosewheel steering. It is activated
by placement of the HYD ISOL switch to FLT on the
landing gear panel. Placement of the gear handle to DN
mechanically cams the HYD ISOL switch to T.O./LDG
or the pilot can manually select it before lowering the
landing gear. Such action returns all combined-system
components to normal operation.

2.16.3 Outboard Spoiler System. The outboard
spoilers are powered by a separate closed-loop system,
independent of the main hydraulic systems (see Figure
2-38). An electrohydraulic power module supplies
hydraulic pressure for outboard spoiler deflection and
provides a backup power source for the main flaps and
slats. Outboard spoiler operation is electrically inhib-
ited at wing-sweep angles greater than 62° and the
power module is deactivated at wing-sweep angles
greater than 65°.
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A thermal cutout circuit secures the system in the
event of overheating. Normal operation is automati-
cally restored when fluid temperature falls below the
prescribed limit. The thermal cutout circuit is disabled
with the gear handle down and weight off wheels to
prevent over temperature shutdowns during takeoff or
landing. To avoid overheating caused by prolonged
ground operations, the outboard power module is
deactivated with the flap handle up when on internal
electrical power with weight on wheels.

Electrical power for the outboard spoiler system
motor is supplied from the right main ac bus. The
module can be activated using external ac electrical
power. With the module pressurized, the ON flag
appears in the SPOIL window at the bottom of the
hydraulic pressure indicator; otherwise, an OFF indica-
tion is displayed in the window.

Reservoir servicing level is shown by an indicator
rod protruding from the integral power package. A fluid
temperature gauge that registers current and retained
peak system temperatures is on the power module.
Protrusion of a red-tipped pin on the integrated filter
package is an indication of a clogged filter.

2.16.3.1 Flap and Slat Backup Operation.
Although normal operation of the main flap and slat
segments is powered by a combined system motor on
the flap and slat gearbox, an auxiliary motor powered by
the outboard spoiler system is geared to the same shaft
to provide for emergency operation (retraction and
extension) of the main flaps and slats at a reduced rate.
Failure of combined system pressure activates the
auxiliary motor to drive the flap and slat gearbox when
selected by the normal flap handle or maneuvering flap
thumbwheel.

2.16.4 Backup Flight Control System. The
backup flight control system consists of a two-speed
electrohydraulic power module that provides fluid
energy to operate the horizontal tails and rudders at a
reduced rate (see Figure 2-39). Emergency power
provides sufficient pitch, roll, and yaw control for return
flight and landing with both main hydraulic power
systems inoperative.

Return flow from the combined side of the rudder
and stabilizer actuators is first used to ensure the BFCM
reservoir is filled. When filled, a reservoir bypass valve
opens that allows return flow to the combined system.
A priority valve connects the BFCM return to the
aircraft combined system return. When the combined
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Figure 2-38. Outboard Spoiler System
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Figure 2-39. Backup Flight Control System
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system pressure falls below 300 psi, the priority valve
closes, isolating the BFCM return from the combined
system return. When the combined pressure exceeds
500 psi, the priority valve opens allowing the backup
system return to flow into the combined system return.
A check valve isolates backup system pressure from the
combined system when the BFCM is energized.

2.16.4.1 Backup Flight Control Operation. The
module may be operated in two modes: emergency and
ground test. In the emergency mode, the module is
controlled by the EMERG FLT HYD switch on the
MASTER TEST panel. The switch has three positions:
AUTO (LOW), HIGH, and LOW mode. Electric power
to the motor is supplied by the right main ac electrical
bus through the FLT HYD BACKUP PH A (2A1), PH
B (2C1), and PH C (2E1) circuit breakers located on the
right main ac circuit breaker panel (No. 2) in the rear
cockpit. Loss of both engine-driven electrical genera-
tors eliminates in-flight use of the module.

CAUTION I

Never use the three-phase circuit breakers
(PH A, PH B, and PH C) to start or shut off
backup module as damage to the motor may
result. These circuits must be engaged prior
to any system test.

Automatic control of the module is provided by the
closing of both flight and combined hydraulic system
pressure switches. Since the switches are set at 2,100
psi, both flight and combined hydraulic system pres-
sures must drop below 2,100 psi before the module is
turned on in the auto (low) mode. Once in this automatic
mode of operation, the module cannot be turned off
unless either or both flight and combined systems are
pressurized above 2,400 psi. The EMERG FLT HYD
switch is used to select the LOW or HIGH mode. Either
of these positions overrides the circuitry of the auto
(low) mode and the module will remain on even if either
or both system pressures become pressurized above
2,400 psi. When the module pump reaches 500 psi, the
on flag appears in the selected window at the bottom of
the hydraulic pressure indicator.
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WARNING I

When operated in conjunction with zero
combined system pressure, some backup
module hydraulic fluid will be forced out by
thermal expansion. The module will remain
fully serviced and operate normally as long
as the elevated temperatures are maintained.
Once operating, the module should not be
turned off in flight without combined system
pressure available to reservice it. Doing so
would result in fluid contraction and an
underserviced condition that could prevent
subsequent pump operation.

CAUTION

If either the flight or the combined hydraulic
system pressure drops below 2,100 psi
without illuminating the HYD PRESS cau-
tion light the auto (low) mode of the backup
flight control system may be inoperative.

2.16.4.2 Ground Operations. Ground checks of
the backup module are performed by the pilot using the
EMERG FLT HYD switch. Before performing ground
checks, the reservoir should be serviced by pressurizing
the combined hydraulic system. Both hydraulic system
pressures should indicate zero in order to fully test
independent operation of the module.

CAUTION %

A 180 °F thermal cutoff switch is bypassed
when the backup module is selected on with
the EMERG FLT HYD switch. Prolonged
ground operation in the emergency mode
will result in module burnout.




CAUTION

Since flight control demands can exceed
backup module capability, all surface demands
must be performed slowly and cautiously in
order not to exceed the output rate of the
system. Excessive system demands will cause
the pump to cavitate and the motor to overheat.
Checks should be made slowly enough to
ensure continuous on indication in the hydrau-
lic pressure indicator.

2.16.4.2.1 Ground Test Mode. The ground test
mode of operation is controlled by the AUX HYD
CONT switch on the ground test panel in the rear
cockpit. In this mode, the module operates in the high
mode only. Ground test from the rear cockpit is
electrically inhibited when the aircraft is on internal
electrical power. For ground inspection purposes,
protrusion of a red-tipped button on either the inlet or
outlet filter cases is a positive indication of a dirty filter.
Both such indications may be observed through an
access door on the underside of the aft fuselage.

CAUTION

The ground test mode incorporates a sole-
noid valve that allows the backup module to
pressurize the entire combined hydraulic
system. If the combined and brake accumu-
lators are not fully charged (brake pressure
indicator at top of green) or if the combined
system is not fully serviced, the reservoir
will be depleted and the motor will cavitate
and overheat. This could result in motor
failure prior to activation of the thermal
cutoff switch.

In the low-speed mode, the system can operate
indefinitely and should be used for maximum range and
endurance. Emergency power (high mode) provides a
maximum unloaded horizontal tail-deflection rate
approximately one fourth of that available from a fully
powered hydraulic system (10° per second versus 36°
per second). The maximum deflection rate available
will decrease as airloads increase.
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CAUTION

Prolonged use (approximately 8 minutes
cumulative time) of the BFCM in the high
mode may result in a failure of the module.

2.17 PNEUMATIC POWER SUPPLY
SYSTEMS

The pneumatic power supply systems consist of
three independent, stored pneumatic pressure sources
for normal and auxiliary operation of the canopy and for
emergency extension of the landing gear. The high-
pressure bottles for normal canopy operation and
another for the emergency landing gear extension are
ground-charged through a common filter connection in
nose wheelwell to 3,000 psi at 70 °F ambient tempera-
ture. Individual bottle pressure is registered on separate
gauges on the right side of the nose wheelwell. An
auxiliary canopy-open N bottle, filter valve, and gauge
are on the turtleback behind the cockpit to allow
opening the canopy from the cockpit or ground.
Charges may be compressed air; however, pressurized
dry nitrogen is preferred because of its low moisture
content and inert properties.

2.17.1 Normal Canopy Control. The bottle that
supplies a pressurized charge for normal operation of
the canopy is on the right side of the forward fuselage,
inboard of the air refuel probe cavity. Expenditure of
bottle pressure for normal operation of the canopy is
controlled by three (pilot, RIO, and ground) canopy
control handles. A fully charged bottle provides approx-
imately 10 complete cycles (open and close) of the
canopy before reaching the minimum operating
pressure of 225 psi.

2.17.2 Auxiliary Canopy Open Control. The
auxiliary canopy air bottle supplies a pneumatic charge
to translate the canopy aft so that the counterpoise
action of the canopy actuator facilitates opening. It is on
the turtleback behind the canopy hinge line.

Activation of the auxiliary mode can be effected
from either of the three (pilot, RIO, or ground) canopy
control handles. After activation of the auxiliary open
mode, the control system will not return to the normal
mode of operation (canopy will lower but will not
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translate forward) until the auxiliary selector valve on
the aft canopy deck is manually reset (lever in vertical
position). Servicing of the auxiliary canopy air bottle is
through the small access panel immediately behind the
canopy on the turtleback. The reservoir is normally
serviced to 3,000 psi at 70 °F ambient temperature. A
fully charged bottle provides more than 20 operations in
the auxiliary open mode. Minimum preflight pressure is
800 psi.

2.17.3 Emergency Gear Extension. The bottle
that supplies the pneumatic force for a single emergency
extension of the landing gear is on the right side of the
nose wheelwell. Expenditure of bottle pressure is
controlled by a twist-pull operation of the landing gear
handle. Minimum bottle pressure for accomplishing
emergency extension of the gear to the down-and-
locked condition is 1,800 psi. Normal preflight bottle
pressure is 3,000 psi at 70 °F.

Note

® Emergency extension of the landing gear
shall be logged in the maintenance action
form.

® Once the landing gear is extended by
emergency means, it cannot be retracted

while airborne and must be reset by
maintenance personnel.

® Use of emergency gear extension results
in loss of nosewheel steering.

2.18 STANDARD CENTRAL AIR DATA
COMPUTER

Note

The acronyms SCADC and CADC are used
interchangeably throughout this manual.

The SCADC is functionally interchangeable with
the CADC 1166B/A with one difference: the SCADC
software incorporates the static error source correction
curve required for the true values of Mach number,
airspeed, and altitude.

The CADC is a single-processor, digital computer
with a separate independent analog backup wing-sweep
channel. It is capable of making yes and no decisions,
solving mathematical problems, and converting outputs
to either digital or analog form as required by each
aircraft system. The CADC gathers, stores, and pro-
cesses pitot pressure, static pressure, total temperature
and angle-of-attack data from the aircraft airstream
sensors (see Figure 2-40). It performs wing sweep and
flap and slat schedule computations, limit control and
electrical interlocks, failure detection, and systems test

INPUT

WING SWEEP SYSTEM
MANEUVER FLAP SYSTEM
TOTAL TEMPERATURE
ANGLE-OF-ATTACK-SIDE PROBE
ANGLE-OF-ATTACK-NOSE PROBE
STATIC PRESSURE

TOTAL PRESSURE

AUXILIARY FLAPS

REMOTE SELF-TEST

FAILURE MONITOR RESET
WEIGHT ON WHEELS

ALTITUDE HOLD ENGAGE

Pg AND Py ELECTRICAL SIGNALS CADC <
FROM LEFT AICS PROCESSOR
(115V ACoA, 6B, AND ¢C)

ALTITUDE RATE
INDICATED AIRSPEED
FAIL SIGNAL

DFCS
ALTITUDE HOLD
MACH SCHEDULES
ALTITUDE RATE
MACH TRIM

IFF
FAI SIGNAL
ALTITUDE
AAUNMY
ALTITUDE
ALTITUDE FAIL
ENVIRONMENTAL CONTROL
MACH NUMBER
AFTC
MACH NUMBER

\

/
USING SYSTEM

CsSDC DISPLAY

TRUE ALTITUDE REDUCE SPEED WARNING
TRUE MACH LIGHT
TRUE AIRSPEED CADC CAUTION LIGHT
TRUE ANGLE OF ATTACK WING SWEEP SYSTEM
FREE AIRSTREAM WING SWEEP COMMAND
TEMPERATURE PRIMARY CHANNEL

WING SWEEP COMMAND
BACKUP CHANNEL
WING SWEEP POSITION
LIMIT INDICATOR
MAN, MODE INDICATOR
AUTO MODE INDICATOR
DISABLE PRIMARY CHANNEL
DISABLE BACKUP CHANNEL

RUDDER AUTHORITY WING SWEEP WARNING LIGHT

HORIZONTAL TAIL WING SWEEP ADVISORY
AUTHORITY LIGHT

FAIL SIGNALS (3) FLAP SYSTEM

MANEUVER FLAP COMMAND

MANEUVER FLAP SERVO
DISABLE

FLAP CAUTION LIGHT

14B-F037

Figure 2-40. CADC Functional Relationships
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logic. Major systems that depend on all or part of these
CADC functions are shown in Figure 2-41.

2.18.1 CADC Tests

2.18.1.1 Built-In Test. BIT capabilities provide
continuous monitoring of the CADC and its inputs and
outputs. The failure indicator matrix (Figure 2-42)
tabulates the functions that are monitored and associ-
ated fail indications.

2.18.1.2 Onboard Checkout. The CADC per-
forms a self-test during OBC only with weight on
wheels. When OBC is initiated, normal air data inputs
are locked out and in their place constants from the
computer memory are received. Self-test detected
failures may be manually reset by pressing the MAS-
TER RESET pushbutton.

Pressing the MASTER RESET pushbutton for 1
second resets transient failures in the CADC. Activating
the master reset circuit recycles the failure detection
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the caution, advisory, and warning light(s) and may take
as long as 10 seconds to check out the status of the
system. If a failure exists, the light(s) will illuminate
again. If a transient failure existed, the light(s) will
remain off.

The following caution, advisory, and warning lights
are activated by the CADC:

CADC REDUCE SPEED
FLAP WING SWEEP (advisory) *
GLOVE VANE  WING SWEEP (warning)**

*  If the WING SWEEP advisory light does
not recycle when MASTER RESET push-
button is depressed, the light is activated
by the wing flap and glove-vane controller.

** If the WING SWEEP warning light does
not recycle when MASTER RESET push-
button is depressed, the light is activated
by the emergency WINGSWEEP handle
being out of

process in the CADC. This recycling process puts off detent.
PRIMARY T o
t L
CHANNEL > CAUTION
MANIFOLDED ACA =i
LIGHTS
PRESSURE STATIC =% FLAP
PRESSURE >
SENSOR
DIGITAL MASTER
PROCESSOR ®
TOTAL REser
PRESSURE > WING SWEEP ADVISORY
SENSOR 2 LIGHT
T 4 N
FAIL OuTPUT OUTPUTS
DYNAMIC _
PRESSURE | wowniTor | crreurtRY
SENSOR (Qg) g >
v
LEFT AICS ' 1 WING SWEEP | warninG
——————— A REDUCE SPEED | LIGHTS
el I STATIC |
STATIC PR ESSURE . _ ANALOG WING SWEEP
TRANSDUCER I "1 ANALOG Y COMMAND-BACKUP CHANNEL
| BACKUP R
| WING $ DISABLE BACKUP CHANNEL
SWEEP
TOTAL | COMPUTER
»] PRESSURE »
TRANSDUCER !
_______ _! 14B-F038

Figure 2-41. CADC Processor
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Three independent CADC fail signals drive the
DFCS failure detection circuits. If these signals exist,
the DFCS will illuminate the following lights:

1. CADC fail signal to pitch computer: no light

2. CADC fail signal to yaw computer: RUDDER
AUTH and HZ TAIL AUTH

. CADC fail signal to roll computer: MACH

TRIM, FCS CATION and ARI DGR.

Note

® [f autopilot is engaged the AUTOPILOT
light will illuminate when CADC input to
the pitch computer is failed. If ACL is
engaged, ACLS/AP lights will also
illuminate.

Pressing MASTER RESET pushbutton
will also update the wing-sweep, flap,
and glove-vane commands to their
respective feedback signals. As a result,
there may be movement in the wings,
maneuver flaps and glove-vanes when
MASTER RESET pushbutton is
depressed.

2.19 WING-SWEEP SYSTEM

The variable geometry of the wing-sweep system
provides the pilot with considerable latitude for control-
ling wing lift and drag characteristics to optimize
aircraft performance over a broad flight spectrum.

Under normal operating conditions, the wings are
automatically positioned to the optimum sweep angle
for maximum maneuvering performance. The pilot can
selectively position the wings at sweep angles aft of
optimum.

A mechanical backup control system is provided for
emergency and oversweep operations. Details of the
wing-sweep system are shown on FO-11.

The outboard location of the wing pivot reduces the
change in longitudinal stability as a function of
wingsweep angle. Two independently powered, hydro-
mechanical screwjack actuators, mechanically inter-
connected for synchronization, position the wings in
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response to pilot or CADC commands. In flight, the
wings can be positioned between 20° and 68° wing
leading-edge sweep angle. On the deck, the range is
extended aft to 75° (oversweep position) to reduce the
span for spotting. Such authority results in a variation of
wing span from approximately 64 to 33 feet.

Cavities above the engine nacelles and the midfuse-
lage accommodate the inboard portions of the wing
panels as they sweep aft. Sealing of the underside is by
a wiper seal and airbag. The bag is pressurized by
engine bleed air. Airbag pressure is released during
oversweep to avoid overloading of the flap mechanism.
An overwing fairing encloses the wing cavity and
provides a contoured seal along the upper surface of the
wing for the normal range of in-flight sweep angles. The
left and right overwing fairing actuators are pressurized
by the combined and flight hydraulic systems,
respectively.

2.19.1 Wing-Sweep Performance. Maximum
wing-sweep rate (approximately 15° per second) is
adequate for most transient flight conditions; however,
wing-sweep rate can be significantly reduced or stalled
by negative-g or large positive-g excursions. Sufficient
capability has been provided in the system, consistent
with the sustained performance capabilities of the
aircraft. Failure of either the combined or flight
hydraulic systems permits the wings to move at a

reduced rate.
CAUTION

Slower than normal wing sweep cycling
times may also be indicative of a failed
hydraulic wing sweep motor or an impend-
ing failure. With aircraft on the ground and
both FLT and COMB hydraulic power, the
time to sweep the wings from 68° to 20°
should not exceed 9 seconds.

Note

The overwing fairings and flaps are suscepti-
ble to a high frequency (60 cycles per
second) low-amplitude oscillation that can
be felt in cockpit. This overwing fairing and
flap buzz is normal and is influenced by
rigging of the fairings and air in the hydraulic
systems.
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Note

Overwing fairing and flap buzz is usually
encountered between 0.9 and 1.4 IMN.

2.19.2 Wing-Sweep Modes. Normal control of
the wing-sweep position in AUTO, AFT, FWD, and
BOMB modes is by the four-way wing-sweep switch on
the inboard side of the right throttle grip (Figure 2-43).
As an emergency mode of control, changes in wing-
sweep position can be selected manually with the
emergency WING SWEEP handle on the inboard side
of the throttle quadrant. The handle is connected
directly to the wingsweep hydraulic valves. The com-
mand source for positioning the wings depends upon the
module selected by the pilot or, in certain cases, is
automatically selected. Electrical and mechanical
wing-sweep command paths are shown on FO-11.
Wing-sweep modes are shown in Figure 2-44.

WARNING I

The emergency wingsweep handle can be
moved independent of the wings and wing-
sweep indicators when no hydraulic power
and/or electrical power are on the aircraft.
Care must be taken to accurately determine
the position of the emergency wingsweep
handle prior to application of hydraulic
power. Inadvertent wingsweep to the posi-
tion selected by the emergency wingsweep
handle may occur, resulting in potential
damage to the aircraft. When positioning the
wings during ground operation other than
pilot poststart or postlanding checklist pro-
cedures, use the emergency wingsweep
handle to minimize the possibility of moving
the wings inadvertently.

Note

® When positioning the wings, do not
command opposite direction until wings
have stopped in original commanded
position (all sweep modes) to increase
motor life.
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® The optimum wing position (triangular
index) and the AUTO/MAN flags may be
unreliable when the CADC caution light
is illuminated.

2.19.2.1 Auto Mode. Selection of the auto mode is
made by placing the four-way wing-sweep switch in the
upper detented position (AUTO) that permits the
CADC wing-sweep program to position the wings
automatically. The program positions the wings primar-
ily as a function of Mach number but includes pressure
altitude biasing. Wing position is scheduled to the
optimum sweep angle for developing maximum
maneuvering performance. In addition to providing an
automatic wing positioning function, the programmer
also defines the forward sweep limit that cannot be
penetrated using any of the other electrical (manual or
bomb) modes. The forward sweep limiter prevents
electrical mispositioning of the wings from a wing
structure standpoint.

Pilot selection of the auto mode or automatic
transfer from the manual mode causes the AUTO flag
to appear in the wing-sweep indicator. Once in the auto
mode, the four-way WING SWEEP switch can be in the
center position without changing the command mode.

2.19.2.2 Manual Mode. The manual wing-sweep
mode is commanded by selecting AFT or FWD from the
neutral position of the wing-sweep switch, driving the
wings in the commanded direction to any wing-sweep
position aft of the automatic program. The switch is
spring loaded to return to the center position. Manual
command mode exists unless the wing-sweep program
is intercepted, at which point transfer to the auto mode
is automatic. Indication of the existing mode is provided
by the AUTO and MAN flags in the wingsweep
indicator.

2.19.2.3 Bomb Mode. Bomb mode is selected by
moving the WING SWEEP switch to the down
(BOMB) position. With the switch in BOMB, the
following occurs:

1. Wing-sweep indicator shows MAN flag.

2. If wing sweep is less than 55°, wings will drive to
55°.
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NOMENCLATURE FUNCTION

@ Wing sweep switch AUTO — Wing sweep angles are determined by CADC according to
wing sweep program. Detented switch position.

BOMB — Wings are positioned at 55° or further aft if commanded by
the CADC program. Detented switch position.

AFT/FWD —  The pilot can select AFT or FWD wing positions within limits
imposed by the wing sweep program. Switch is spring-
loaded to the center position. When the forward limit is inter-
cepted, the mode is transferred to AUTO.

@ Emergency WING Provides a mechanical means of wing sweep control that overrides the

SWEEP handle CADC program commands. Wing sweep angles between 20° and 68° are
unrestricted except for flap interlocks. Oversweep 75° is provided with
weight-on-wheels, horizontal stabilizer authority restricter in reduced range,
and air bag pressure dumped.

@ Wing SWEEP indicator Displays (from right to left) actual wing sweep position, commanded position
and wing sweep program position, which is the maximum forward angle at
present airspeed and attitudes. Indicator windows show the operating mode.

@ WING SWEEP warning Indicates failure of both wing sweep channels and/or disengagement of spi-

light der detent. Wing sweep positioning is required using the emergency wing
sweep handle.
@ CADC caution light Indicates hardware failure and/or that certain computations of the air data

computer are unreliable. lllumination of WING SWEEP warning and/or advi-

sory light determines pilot action.

@ WING SWEEP advisory Indicates failure of a single channel in the system. lllumination of both WING
SWEEP advisory and CADC caution light indicates failure of one channel in

CADC.

Figure 2-43. Wing-Sweep Controls and Indicators

2-83 ORIGINAL



NAVAIR 01-F14AAP-1

MODE CO‘;"A";QND WING SWEEP AUTHORITY

S.EEP » » ‘. ‘ ‘

avote || et )

proares 20,00 FEET |
— -+ +

1

0 !2’

-l ‘ ‘\0 |
< )
o SWEEP . 0? * \
—_— ~
c ANGLE — &
e prGrits * O =
Q . ;7
w & | -
e | P\
w 20
° 02 04 06 OF 10 12
MACH
i |
w . ’
0
““P ‘ ] . ‘ ’ ’ |
ANGLE DOWME MODL
DEGREES W T t 1 | 1 ™
20 .
0 02 04 06 08 10 1.:’
MACH
-+
* = (S =

1| | 1
" SEE EMEMGENCY
& ’ % ’ o sweee PROCEOURES
= ANGLE EMERGENCY OPERATION
/’ DEGREES o LINST

- 0 4‘4
L4 [~ oz o4 a6 on 0 1.2
EMERGENCY % MACH
<
o 5 ?sl
w 4
@ = — INOPERATIVE
) . ANGLE WHEN AIRBORNE
S : DEGREES
I o WEIGHT ON WHEELS
M- * RESTAICT HORIZONTAL TAIL AUTHORITY
] ® AIRBAGC DEMLSSURIZFD
OVERSWEEP 145 1043

Figure 2-44. Wing-Sweep Modes
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3. If wing sweep is greater than 55°, wings will not
move.

4. If maneuver flaps are extended, they will retract
and wings will sweep to 55°.

As the aircraft accelerates and the auto wing-sweep
schedule is intercepted, the wings will follow the auto
schedule even though the switch remains in bomb
mode. Upon decelerating, the wings will sweep forward
to 55° and stop.

2.19.2.4 Emergency Mode. During normal mode
operation of the wing-sweep system, the wing-sweep
control drive servo drives the hydraulic valve command
input through a spider detent mechanism. The emer-
gency handle under a transparent guard is moved in
parallel with the servo output. The emergency mode
provides an emergency method of controlling wing
sweep. It bypasses the normal command path of the
fly-by-wire system (CADC and control drive servo
loop).

To select emergency mode, the handle must be
extended vertically and the guard should be moved out
of the way before the handle is operated. Vertical
extension of the emergency handle provides for better
accessibility and leverage. The detent is not disengaged
by raising the handle vertically. An initial fore or aft
force of up to 30 pounds breakout and 13 pounds
maximum is necessary for operation.

The spider detent is reengaged if the handle is
repositioned to the detent (servo) position.

The emergency WING SWEEP handle incorporates
locks at approximately 4° increments between 20° and
68°. These locks are provided to eliminate random wing
movement in the emergency mode should electrical
system transients be experienced. When the locks are
engaged, wing movement is inhibited provided that
wings match handle position. The wing-sweep locks
eliminate the need for the installation or activation of
wing-sweep servo cutout switches. Locks are engaged
by raising the handle 1 inch from the stowed position.
In order to bypass the locks and select a wing position,
the handle is raised an additional 1 inch (2 inches from
stowed) and moved to the desired position. The handle
is spring loaded to return to the lock position when
released. The handle can be raised from 20° to 68° and
oversweep but can only be returned to the stowed
position at 20° and oversweep. This feature is intended
to prevent inadvertent engagement of the auto mode,
commanding the wings to spread causing possible
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damage to the aircraft or injury to personnel in a
confined area. The handle is spring loaded toward the
stowed position but requires depressing the release
button on the inboard side of the lever in order to return
the handle to the stowed position.

CAUTION

® Except for wing flap (main and auxiliary)
and oversweep interlocks in the control
box, the emergency mode does not pre-
vent pilot mispositioning of the wings
from a structural standpoint.

® [f operating in the emergency wing-
sweep mode, positively confirm flaps/
slats indicate fully retracted prior to
attempting aft wing sweep.

Since the wing-sweep program acts as a forward
limiter only for the normal modes of operation, the pilot
must follow the following schedule in the emergency
mode:

0.4 IMN — 20°
0.7 IMN — 25°
0.8 IMN — 50°
0.9 IMN — 60°
1.0 IMN — 68°

When operating in the emergency mode, pulling the
WING SWEEP DRIVE NO. 1 (LE1) and WG SWP DR
NO. 2/MANUV FLAP (LE2) circuit breakers on the
pilot left knee panel assures that the electrical command
path cannot interfere with the emergency mode.

2.19.2.5 Oversweep Mode (75°). The wing
oversweep mode allows sweeping the wings aft of 68°
to 75° during on-deck operation only, thereby reducing
the overall width of the aircraft for deck spotting. At
75°, the wing trailing edge is over the horizontal tail
surface.

With the wings at 68°, oversweep can be initiated by
raising the emergency WING SWEEP handle to its full
extension and holding. Raising the handle releases air
pressure from the wing-seal airbags and activates the
horizontal tail authority system, restricting the surface
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deflections to 18° trailing edge up and 12° trailing edge
down. During motion of the horizontal stabilizers, the
HZ TAIL AUTH caution light is illuminated. When the
horizontal tail authority restriction is accomplished
(approximately 15 seconds), the HZ TAIL AUTH
caution light will go off and the OVER flag on the
wing-sweep indicator will be visible. This advises the
pilot that the oversweep interlocks are free, allowing
movement of the emergency WING SWEEP handle to
75° and stow.

The EMER and OVER flags on the wing-sweep
indicator will be visible.

CAUTION i

® Failure of the oversweep interlocks while
trying to achieve oversweep may result in
damage to either the wingtip and hori-
zontal tail trailing edge of the maneuver
flap actuator or both.

® [f unusual resistance is encountered
while attempting to put the wings into
oversweep, continued aft pressure on the
WING SWEEP handle may cause failure
of the wing-sweep actuator.

® Avoid stick movements with the wings in
oversweep and the HZ TAIL AUTH light
illuminated and/or the OVER flag not
displayed in the wing-sweep indicator.

The reverse process takes place when sweeping
forward from oversweep. However, there is no need to
hold the emergency handle in the raised position at 68°.
Motion out of oversweep is completed (wing-seal
airbag pressure established and horizontal tail authority
restriction removed) when both the OVER flag and the
HZ TAIL AUTH caution lights are off. Six seconds
later, the WING SWEEP advisory light will illuminate.
Upon engagement of the spider detent by further
unsweeping the emergency handle, MASTER RESET
pushbutton is pressed to clear both WING SWEEP
advisory and warning lights, thus activating the electri-
cal command circuits of the wing-sweep system.
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CAUTION

When coming out of oversweep and a 68°
wing position is desired, the wings should be
moved forward to approximately 60° and
then back to 68°.

2.19.3 Wing-Sweep Interlocks. Automatic lim-
iting of wing-sweep authority is provided under normal
in-flight control modes to prevent mispositioning of the
wings at conditions that could result in the penetration
of structural boundaries. Wing-sweep interlocks within
the CADC are shown in Figure 2-45. Wing sweep is also
electrically inhibited at normal accelerations less than
-0.5g.

2.19.3.1 Flap and Slat Wing-Sweep Control
Box. Electromechanical (auxiliary flaps, oversweep
enable) and mechanical (main flap) interlocks in the
control box limit aft wing-sweep commands at 21°,
15°, 50°, and 68°. Interlocks in the control box are
shown in Figure 2-45. These interlocks, which serve as
a backup to the electronic interlocks in the CADC, are
imposed on both the normal and the emergency inputs
to the control box and assure noninterference between
movable surfaces and the fuselage.

2.19.4 Wing-Sweep System Test

2.19.4.1 Continuous Monitor. The command
and execution of the wing-sweep system is continually
monitored by a failure detection system. The failure
detection system in the CADC governs the change from
wing-sweep channel 1 to channel 2 or the disabling of
wing-sweep channel 1 or 2 by switching the respective
control drive servo off. A single-channel failure in the
wing-sweep electrical command path is indicated by
illumination of the WING SWEEP advisory light
followed by normal operation on the remaining chan-
nel. Failure of the remaining channel is indicated by
illumination of the WING SWEEP warning light, after
which wing-sweep control must be exercised through
the emergency WING SWEEP handle.

Transient failures in the CADC can be reset by
pressing the MASTER RESET pushbutton, which
recycles the failure detection system.

2.19.4.2 Preflight Check. A preflight check of the
wing-sweep system to assure proper operation of the
electrical command circuits without moving the wings
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Figure 2-45. Wing-Sweep Interlocks
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should be accomplished after starting engines while the
wings are in oversweep (75°).

1. Set wing-sweep mode switch to AUTO.

Note

The CADC caution light will illuminate and
test will not run if AUTO is not selected on
the wing-sweep switch.

2. Press MASTER RESET pushbutton.
3. Set MASTER TEST switch to WG SWP.
4. Monitor test by observing:
a. Wing-sweep limit pointer drives to 44°.

b. Illumination of the WING SWEEP advisory
light and FLAP caution light and the
REDUCE SPEED warning light.

Note

The WING SWEEP advisory light will
illuminate 3 seconds after test starts, then go
off and illuminate again at 8 seconds into
test.

c. Atend of test (approximately 25 seconds) the
limit pointer will drive to 20° and above lights
will go off.

5. Set MASTER TEST switch to OFF.

Note

Ignore illumination of RUDDER AUTH
caution or MACH TRIM advisory lights and
motion of the control stick if they occur
during the test.

2.20 FLAPS AND SLATS

The flaps and slats form the high-lift system, which
provides the aircraft with augmented lift during the two
modes of operation: take off or landing and maneuver-
ing flight. The flaps are of the single-slotted type,
sectioned into three panels on each wing. The two
outboard sections are the main flaps utilized during both
modes of operation. The inboard section (auxiliary flap)
is commanded only during takeoff or landing. The slats
consist of two sections per wing mechanically linked to
the main flaps. Flaps down greater than 10° enables the
wheels warning light interlock, and greater than 25°
enables direct lift control.

ORIGINAL

2.20.1 Flap and Slat Controls. Pilot controls for
flap and slat takeoff, landing, and maneuvering modes
are illustrated in Figure 2-46.

2.20.1.1 FLAP Handle. The FLAP handle, located
outboard of the throttles, is used to manually command
flaps and slats to the takeoff and landing position. Flap
handle commands are transmitted by control cable to
the flap and slat and wing-sweep control box where they
are integrated with CADC electromechanical inputs to
command proper flap and slat position.

2.20.1.1.1 Emergency Flaps. EMER UP enables
the pilot to override any electromechanical commands
that may exist because of malfunction of the CADC. To
position the flaps, move the FLAP handle to the end of
the normal travel range, then move handle outboard and
continue moving to extreme EMER UP. While moving
handle, forces may be higher than normal. EMER DN

has no function.
CAUTION

® Reversal of flap direction while flaps are
in motion will damage the flexible drive-
shafts between the main flap and slat
gearbox and the flap and slat drive
sequencer.

® A slip clutch assembly is installed
between the combined system forward
flap hydraulic motor and the center
gearbox assembly. While this will relieve
some stall torque on the hydraulic motor,
extremely fast reversals of flap direction
while flaps are in motion may result in
eventual failure of the flap and slat
flexible driveshaft.

2.20.1.2 Maneuver Flap and Slat Thumbwheel.
The maneuver flap and slat thumbwheel is located on
the left side of the stick grip and is spring loaded to the
center position. With LDG GEAR and FLAP handles
up, automatic CADC flap and slat positioning can be
overridden with pilot thumbwheel inputs to partially or
fully extend or retract the maneuvering flaps and slats;
however, the next time angle of attack crosses an
extension or retraction threshold, the automatic com-
mand will again take precedence, unless manually
overridden again. Manual thumbwheel command is a
proportional command.
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NOMENCLATURE FUNCTION
@ FLAP handle UP — Normal retraction of main and auxiliary flaps.
DN — Normal extension of main and auxiliary flaps.

EMER UP — Emergency retraction of main flaps to full up over-
riding any electromechanical command faults.

EMER DN — No function.

Figure 2-46. Flap and Slat Controls and Indicators (Sheet 1 of 2)
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NOMENCLATURE

FUNCTION

@ Flap and Slats Indicator

@ REDUCE SPEED warning
light

@ FLAP caution light

Maneuver flap and slat
thumbwheel

— Power off; maneuver slats extended
N\

_ o Slats position is an
Slats extended (17°). electrical pickoff of

right slat position only.
= — Slats retracted (0°).

up

/| — Flaps full up (0°).

Flap position is pickoff
from hydraulic motor
for main flaps only.

S/

— Maneuver flaps down (10°).

0 up
/' | — Flaps full down (35°)

DN

14B-F043

Main flap comparator failures with flaps not retracted and airspeed >225 KIAS
(see Figure 2-41).

Maximum safe Mach exceeded (2.4 M).

Total temperature exceeds 388 °F.

Disagreement between main and/or AUX flap position (10-second light) or
asymmetry lockout (3-second light).

CADC failure. WG SWP DR NO. 2/MANUV FLAP (LE2) circuit breaker pulled.

Forward — Commands maneuver flaps and slats to retract.
Neutral — Automatic CADC program.
Aft — Commands maneuver flaps and slats to extend.

Figure 2-46. Flap and Slat Controls and Indicators (Sheet 2)
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2.20.2 Main Flaps. The main flaps on each wing
consist of two sections, simultaneously driven by four
mechanical actuators geared to a common flap drive-
shaft. Each wing incorporates a flap asymmetry sensor
and flap overtravel switches for both the extension and
retraction cycles.

Cove doors, spoilers, eyebrow doors, and gusses
operate with the flaps to form a slot to optimize airflow
over the deflected flap. The cove doors are secondary
surfaces along the underside of the wing forward of the
flap (Figure 2-47). As the flaps pass 25° deflection, a
negative command received from the DFCS depresses
the spoilers to —4 1/2° to meet with the cove doors.
Because the spoilers do not span the entire wing as do
the flaps, gusses inboard and outboard of the spoilers
perform the flap-down function of the spoilers. With the
flaps retracted, the eyebrow doors, which are the
forward upper surface of the flaps, are spring loaded in
the up position to close the gap between the trailing edge
of the spoiler or guss and the leading edge of the flaps.
Mechanical linkage retracts the eyebrow door when the
flaps are lowered to provide a smooth contour over the
upper surface of the deflected flap.

2.20.3 Auxiliary Flaps. The auxiliary flaps are
inboard of the main flaps and are powered by the
combined hydraulic system. The actuator is designed to
mechanically lock the auxiliary flaps when in the up
position. In the event of high dynamic-pressure condi-
tions, a bypass valve within each control valve opens
causing the auxiliary flap to be blown back, thus
avoiding possible structural damage. During loss of
electrical power, the control valve is spring loaded to
retract, retracting the auxiliary flaps within 1 minute.
The auxiliary flaps use cove doors, eyebrow doors, and
gusses identical in purpose and operation with those
associated with the main flaps.

2.20.4 Slats. The slats on each wing are divided
into two sections, both of which are driven simulta-
neously by a single-slat driveshaft. The slats are
supported and guided by seven curved tracks.

2.20.5 Flap and Slat Operation

Note

® There is no automatic flap/slat retraction.
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® With flaps extended by the FLAP handle
and an airspeed of 225 KIAS or greater,
the REDUCE SPEED light will
illuminate.

2.20.5.1 Normal Operation. The main flap and
slat portion of the high-lift system is positioned with a
dual redundant hydromechanical servo loop in response
to the FLAP handle command. The auxiliary flap is a
two-position control surface powered by the combined
hydraulic system. With the FLAP handle exceeding 5°
deflection, the auxiliary flaps fully extend. Conversely,
they retract for a FLAP handle position equal to or less
than 5°. The torque of the flap and slat drive hydraulic
motor is transmitted by flexible driveshafts to each
wing.

2.20.5.2 Degraded Operation. In the event of a
combined hydraulic system failure, outboard spoiler
module fluid is automatically directed to a backup
hydraulic motor to lower main flaps and slats only. In
the event of main flap asymmetry greater than 3°, slat
asymmetry greater than 4°, or flap surface overtravel,
the flap and slat system is disabled. Flaps and slats will
remain in the position they were in when failure or
malfunction occurred. The auxiliary flaps are automati-
cally commanded to retract. There is no asymmetry
protection for the auxiliary flaps.

2.20.5.3 Flap Wing Interlocks. The main flap
and auxiliary flap commands are interlocked electri-
cally and mechanically with the wing sweep to prevent
flap fuselage interference. An electrical interlock in the
CADC and a mechanical command in the wing-sweep
control box prevent wing sweep aft of 22° with
auxiliary flaps extended. In a similar manner, upon
extension of the main flaps, the wings are electrically
and mechanically limited to wing-sweep angles less
than 50°. The FLAP handle is mechanically prevented
from moving to the down position if wing position is aft
of 50°. If flaps are lowered w