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BECAUSE OF THE RIGID REQUIREMENTS IMPOSED ON INTERCEPTOR CREWS OPERATING
THE HIGH PERFORMANCE FIGHTERS OF THE JET AGE, LADY LUCK CANNOT BE RELIED
UPON FOR COMPLETION OF A SUCCESSFUL MISSION. THEREFORE, IT IS MANDATORY
THAT COMPLETE UNDERSTANDING OF FLIGHT CHARACTERISTICS AND OPERATING TECH-
NIQUES FOR THE HIGHLY COMPLEX SYSTEMS BE MAINTAINED AT THE HIGHEST LEVEL.

SCOPE

This manual contains all the information necessary
for safe and efficient operation of the F-89H. These in-
structions do not teach basic flight principles, but are
designed to provide you with a general knowledge of the
airplane, its flight characteristics, and specific normal
and emergency operating procedures. Your flying expe-
rience is recognized, and elementary instructions have

been avoided.
SOUND JUDGMENT

The instructions in this manual are designed to pro-
vide for the needs of a crew inexperienced in the opera-
tion of this airplane. This manual provides the best
possible operating instructions under most circum-
stances, but it is a poor substitute for sound judgment.
Multiple emergencies, adverse weather, terrain, etc, may
require modification of the procedures contained herein.

PERMISSIBLE OPERATIONS

The Flight Manual takes a “positive approach” and
normally tells you only what you can do. Any unusual
operation or configuration (such as asymmetrical load-
ing) is prohibited unless specifically covered in the Flight
Manual. Clearance must be obtained from ARDC before
any questionable operation is attempted which is not
specifically covered in the Flight Manual.

STANDARDIZATION

Once you have learned to use one Flight Manual,you
will know how to use them all—closely guarded stand-
ardization assures that the scope and arrangement of
all Flight Manuals are identical.

ARRANGEMENT

The manual has been divided into ten fairly inde-
pendent sections, each with its own table of contents. The
objective of this subdivision is to make it easy both to read
the manual straight through when it is first received and
thereafter to use it as a reference manual. The indepen-
dence of these sections also makes it possible for the user
to rearrange the manualto satisfy his personal taste and
requirements. The first three sections cover the minimum
information required to get the airplane safely into the air
and back down again. Before flying any new airplane
these three sections must be read thoroughly and fully un-
derstood. Section IV covers all equipment not essential to
flight but which permits the airplane to perform special
functions. Sections V and VI are self-explanatory. Section
VII covers any technique or theory of operation which
may be applicable to the particular airplane in question.
The experienced pilot will probably be aware of most of
the information in this section but he should check it for
any possible new information. The contents of the remain-
ing sections are fairly evident.

YOUR RESPONSIBILITY

These Flight Manuals are constantly kept current
through an extremely active revision program. Frequent
conferences with operating personnel and constant re-
view of UR'’s, accident reports, flight test reports, etc, as-
sure inclusion of the latest data in these manuals. In this
regard, it is essenrial that you do your part! If you find
anything you don't like about the manual, let us know
right away. We cannot correct an error if its existence is
unknown to us.
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PERSONAL COPIES, TABS, AND BINDERS

In accordance with the provisions of AFR 5-13,
flight crewmembers are entitled to have personal copies
of the Flight Manual. Flexible loose leaf tabs and binders
have been provided to hold your personal copy of the
Flight Manual. These handsome simulated leather bind-
ers will make it much easier for you to revise your man-
ual as well as to keep it in good shape. Tabs and binders
ares secured through your local materiel staff and con-
tracting officers.

HOW TO GET COPIES

If you want to be sure of getting your manuals on
time, order them before you need them. Early ordering
will assure that enough copies are printed to cover your
requirements. Technical Order 0-5-2 explains how to
order Flight Manuals so that you automatically will get
all revisions, reissues, and Safety of Flight Supplements.
Basically, all you have to do is order the required quan-
tities in the Publication Requirements Table (T.O. 0-3-1).
Talk to your Senior Materiel Staff Officer—it is his job to
fulfill your Technical Order requests. Make sure to estab-
lish some system that will rapidly get the books and Safe-
ty of Flight Supplements to the flight crews once they
are received on the base.

SAFETY OF FLIGHT SUPPLEMENTS

Safety of Flight Supplements are used to get infor-
mation to you in a hurry. Safety of Flight Supplements
use the same number as your Flight Manual, except for
the addition of a suffix letter. Supplements covering loss
of life will get to you in 48 hours; those concerning ser-
ious damage to equipment will make it in 10 ddys. You
can determine the status of Safety of Flight Supplements
by referring to the Index of Technical Publications
(T.O. 0-1-1) and the Weekly Supplemental Index (T.O.

Airplanes having different or additional
systems and equipment have been

group coded ko avoid listing of airplane
serial numbers. The groups, with

the airplanes they include, are

as shown below, right:

0-1-1A). This is the only way you can determine whether
a supplement has been rescinded. The title page of the
Flight Manual and title block of each Safety of Flight
Supplement should also be checked to determine the ef-
fect these publications may have on existing Safety of
Flight Supplements. It is critically important that you re-
main constantly aware of the status of all supplements.
You must comply with all existing supplements but there
is no point in restricting the operation of your airplane
by complying with a supplement that has been replaced
or rescinded.

If you have ordered your Flight Manual on the Pub-
lications Requirements Table, you automatically will re-
ceive all supplements pertaining to your airplane.
Technical Order 0-5-1 covers some additional informa-
tion regarding these supplements.

WARNINGS, CAUTIONS, AND NOTES

For your information, the following definitions ap-
ply to the “Warnings,” “Cautions,” and “Notes” found
throughout the manual:

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

WARNING

Operating procedures, prac-
tices, etc, which if not strict-
ly observed, will result in
damage to equipment.

Operating procedures, condi-
Nofe tions, etc, which it is essen-
tial to emphasize.

U.5. AIR FORCE F-89H-5 NO.
AF.SERTAL NO. AF34-416

Grg\up 1
AF54-261 TH_ROU\GH AF54-320
Group 5
AF54-321 THROUGH AF54-416

H-3C

COMMENTS AND QUESTIONS REGARDING ANY PHASE OF THE FLIGHT MANUAL
PROGRAM ARE INVITED AND SHOULD BE ADDRESSED TO COMMANDER, OGDEN
AIR MATERIEL AREA, HILL AIR FORCE BASE, UTAH, ATTENTION: WCLOD-31D.

-
-
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Figure 1-1.
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THE AIRPLANE.

The Northrop F-89H airplane is a two-place, mid-
wing, jet-propelled, all-weather fighter interceptor
designed to operate at high speeds and high altitudes.
The airplane’s function is to locate, intercept, and
destroy enemy aircraft by day or night, under all con-
ditions of weather. The crew consists of a pilot and a
radar observer. For maximum efficiency, the radar
equipment is operated by the observer, thus allowing
the pilot to devote his full attention to flying. This
division of duties results in higher combat effective-
ness. The pilot and radar observer have individual
cockpits with ejection seats and automatic heating
and pressurizing facilities. The tandem cockpits are
enclosed by a single jettisonable canopy. The airplane
is powered by two turbojet engines with afterburners.
The flight control surfaces are fully powered by
two independent hydraulic systems. “Feel,” which
would otherwise be absent in a powered control sys-
tem, is supplied artificially to the control stick and to
the rudder pedals by springs. Additional elevator
“feel” is supplied by a control force bellows system
and a “G” operated bobweight. Another unusual fea-
ture not found on other combat airplanes is the com-
bination of ailerons and speed brakes. Each aileron is
composed of a leading edge section and two movable
aft surfaces, one above the other, hinged at their for-
ward edges. These two surfaces can be opened to any
desired angle, up to an included angle of 120 degrees,
to function as a speed brake. The left and right speed
brakes operate simultaneously. Pylons under the wings
carry jettisonable fuel tanks.

AIRPLANE DIMENSIONS.
Refer to figure 1-2 for dimensions of this airplane.

AIRPLANE GROSS WEIGHTS.

The design gross weight is approximately 39,500
pounds and the maximum gross weight is approxi-
mately 47,400 pounds. See figure 5-6 for exact gross
weights.

ARMAMENT.

Standard armament consists of 2.75 folding fin aerial
rockets and GAR-1 missiles. For detailed information
on armament, refer to T.O. 1F-89H-1A, a confidential
supplement to this publication.

1-1
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Figure 1-2.

ENGINES.

The airplane is powered by two ]35-35 axial-flow
turbojet engines equipped with afterburners and re-
tractable air inlet screens. Some airplanes have J35-47
inner combustion liners installed on J35-35 engines.
Engines so modified have been reidentified as J35-35A
by restamping the engine nameplate and making an ap-
propriate notation in DD Form 781. On the front
of each engine are mounted all accessories driven by
the engine shaft, including engine fuel pump, oil
pump, engine fuel control, hydraulic pump, starter gen-
erator, 28-volt d-c generator or alternator, and tachom-
eter generator. Air enters through the engine airscoop
and is progressively compressed through 11 stages in the
axial-flow compressor. (See figure 1-5.) A portion of
the eleventh stage compressor air is used to pressurize
the pylon and wing tip fuel tanks and to operate the
thermal anti-icing system, the afterburner fuel pump,
the air-conditioning system, the canopy seal, and the
anti “G” suit, The main flow of air from the compres-
sor then enters the eight combustion chambers where
fuel is sprayed under pressure and combustion occurs.
The hot combustion gases rotate a turbine wheel which
drives the compressor, both turbine wheel and com-
pressor being mounted on the same shaft. From the
turbine wheel, the gases travel through the exhaust
cone and into the afterburner where additional fuel
may be injected and burned to create more thrust if
desired. The gases are then discharged from the tail-

1-2
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pipe. The afterburner tailpipe nozzle is equipped with
eyelids that open automatically during afterburning to
increase tailpipe diameter, thus allowing additional
thrust without excessive exhaust gas temperatures. The
afterburner eyelids, in addition to opening during
afterburning, will stay open during starting to prevent
high temperatures, and during rapid acceleration to de-
crease acceleration time. Each engine at 1009% rpm has
a rated thrust of 5600 pounds without afterburning and
7400 pounds with afterburning. Acceleration from idle
to 100% rpm requires approximately 12 seconds. For a
detailed discussion of the eyelids, see Eyelid Operation,
Section VII.

ENGINE FUEL CONTROL SYSTEM.

Each engine has one gear-type, constant displacement,
engine-driven fuel pump and one fuel control in-
stalled in the accessory section. The maximum output
of each fuel pump is 26 gallons per minute. The en-
gine-driven fuel pump incorporates two pumping ele-
ments. Should one element fail, the other element will
maintain the required fuel pressure. Warning lights
(figure 1-9), located on the pilot’s left console, will
indicate (on the ground only) that one of the pres-
sure elements has failed. The fuel control automat-
ically maintains the quantity of fuel supplied to
the engine within a range that will prevent “rich
blowout” during engine acceleration and “lean die-
out” during deceleration, and bypasses any fuel in
excess of that required by throttle setting, engine
speed, and altitude. For engine starting and controlled
acceleration during starting, the fuel is supplied to
the combustion chambers in a wide-angle spray for
ignition. This spray narrows its angle to distribute
the combustion more evenly throughout the chamber
as the engine accelerates. The change in spray charac-
teristics is controlled within the nozzle by a spring-
loaded valve which opens another set of orifices in
the nozzle jet as fuel pressure builds up in the nozzle.
A centrifugal governor in the fuel control varies the
flow of fuel to the nozzles according to engine speed
and throttle position. (See figure 1-6.) Refer to Sec-
tion VII for additional information on engine opera-
tion.

Throttles.

Each of the two throttles (figure 1-7) on the pilot’s
left console mechanically regulates an engine fuel con-
trol. Markings on the throttle quadrant are CLOSED
and OPEN. Mechanical stops at the IDLE position pre-
vent inadvertent retarding of the throttle below the
idle speed of the engines (49% to 51% rpm). The
throttles can be retarded past the idle stops by raising
the fingerlifts under the throttle knobs. This allows the
throttles to be placed at CLOSED, stopping fuel flow
to the engines. Each fingerlift connects to an after-
burner demand switch that will start afterburning on
the corresponding engine when the throttle is between
the 90% and 1009 rpm range. This is a mechanical
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COMMAND RADIO ANTENNA

POSITION LIGHT
PILOT'S EJECTION SEAT

RADAR OBSERVER'S EJECTION SEAT

RADIO AND ELECTRICAL EQUIPMENT

REFRIGERATION UNIT

S
P
[(— S
ey
- 2
POSITION LIGHTS : estn|
_.
OXYGEN BOTTLES (Each side)
AUTOPILOT EQUIPMENT
ENGINE (Each side)
EJECTION NOTIFICATION SWITCH
LOCALIZER ANTENNA ¢ CIRCUIT BREAKER PANELS
| PROBE
(Some airplanes) GUIDE AND HOOK
(Some girplanes)
PITOT TUBE FOR FORCE BELLOWS
@ ® s i3
RADIO COMPASS SENSE ANTENNA
H-6(1)E

Figure 1-4.
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ROCKET-MISSILE POD (Each side) p POSITION LIGHT (Each side)

GLIDE-SLOPE ANTENNA \
PYLON TANK (Each side) '
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AFT FUSELAGE COOLING DUCT
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FUEL COMBUSTION CHAMBER

FUEL NOZZLE

TURBINE WHEEL

ACCESSORY GEAR DRIVE

( .'Jl Inlet Air

INNER CONE

: Compressed Air .Fue{ ' Combustion
——

AFTERBURNER EYELID CYLINDER

AFTERBURNER FUEL MANIFOLD

AFTERBURNER EYELID ASSEMBLY

Exhaust Gas

H-88

Figure 1-5.

range on the throttle quadrant and is not dependent on
engine rpm. Afterburning is stopped by retarding the
throttle below the 90% position or by depressing the
fingerlift when the throttle is in the 90% to 100% rpm
range. The right throttle knob houses a press-to-talk
microphone button.

Throttle Friction Lever.

A throttle friction lever (figure 1-7) is provided on
the throttle quadrant outboard of the throttles. When
the lever is moved toward INCREASE or DECREASE,
resistance to throttle movement will increase or de-
crease accordingly.

ENGINE COOLING AND AIR INDUCTION SYSTEM.

Engine cooling and induction air enters through an
air intake at the front of each engine. On the ground
and during takeoff, additional induction air is drawn
through four intake doors on the outboard side of the
engine forward door, and then through a door on the
engine transition duct. The combustion sections of the
engine compartment and the tailpipe are cooled by
ram air supplied through an airscoop on the lower
forward section of the engine’s No. 3 and No. 4 doors.
Retractable screens in the engine air intakes normally
extend and retract with the landing gear, but under
certain conditions they can be operated during flight.
Vortex generators, in the form of two small air
directing vanes, are installed approximately 40 inches
forward of each engine air intake duct. The effect of
these vanes is to prevent the intermittent separation

1-6

of airflow through the engine transition duct and
the resultant noise and vibration which would occur
at high airspeed and low rpm.

ENGINE SCREENS.

Two retractable engine screens, one in each engine
air intake, provide a means for preventing foreign
matter from entering the engine intake ducts. The
engine screens normally extend and retract with the
landing gear; however, an engine screen switch pro-
vides for screen extension and retraction during flight.

Engine Screen Switch.

The 28-volt d-c engine screen switch (figure 4-4) on the
anti-icing control panel provides a means for extend-
ing the engine screens during combat, or at other times
when there is danger of foreign matter entering the
engine intake ducts. The switch has two positions:
NORMAL and EMERG EXTEN. When the switch is
placed at NORMAL, the screens extend and retract
automatically with the landing gear. When the switch
is placed at EMER EXTEN, the screens extend; how-
ever, if the anti-icing system operation is selected, the
screen control is overridden and the screens retract.

STARTING AND IGNITION SYSTEM.

Power for starting is supplied by 28-volt d-c external
power units connected to the power receptacles on
the right air intake duct. Only one engine can be

Changed 13 February 1959
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Engine Fuel Control System
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Figure 1-7.

started at a time, because actuating one starter-gener-
ator breaks the d-c power circuit to the other engine’s
starter and ignition system. When a starter switch is
actuated, the ignition system is energized and the
starter-generator cranks the engine. After the throttle
is opened and combustion is self-sustaining, the start-
ing and ignition circuits automatically disconnect
when the electrical load drawn by the starter-generator
drops to 200 amperes; this should occur at an engine
speed of approximately 26% rpm. Then the starter-
generator functions as a 28-volt d-c generator. The
engine ignition system operates on 115-voit a-c power.
The essential bus of the single-phase inverter system
supplies current to the ignition transformers which,
in turn, send high voltage to the two igniter plugs in
each engine for both ground and air starting. The single-
phase inverter switch must be placed at NORMAL or
EMERGENCY before alternating current is available
for starting.

Starter and Ignition Switches.

Two starter and ignition switches (figure 1-12), one
for each engine, are located on the pilot’s right ver-
tical console. These switches have three positions:
START, NEUTRAL, and STOP. The switches are
spring-loaded to NEUTRAL. The switches, using
28-volt d-c power, control the electrical circuits to

1-8

the starter and to the 115-volt ignition system. When
a switch is at NEUTRAL, starter and ignition cir-
cuits are open. Placing a starter switch momentarily
at START energizes the starter and completes the
circuit to the igniter plugs. When the load drawn by
the starter drops to 200 amperes, the starter and
ignition circuits automatically disconnect; this should
occur at an engine speed of approximately 26% rpm.
Placing the switch momentarily at STOP will de-
energize the starter and ignition circuits. The starter
control circuit is interlocked with the fuel selector
switches, making it impossible to start an engine with
its fuel selector switch in the PUMPS OFF position.
This prevents loss of afterburner power during take-
off; however, this will have no effect on loss of after-
burner power due to system malfunction or PUMPS
OFF fuel selector switch settings made after starting
the engines.

Altitude Start and Starter-Test Switches.

Two altitude start and starter-test switches (figure
1-17), one for each engine, are located on the aft
miscellaneous control panel above the pilot’s left con-
sole. These switches are for ignition during air
starts and for turning the engine over by the starter
without ignition. The switches have three positions:



T.0. 1F-89H-1

TEST, NEUTRAL, and START; they are spring-
loaded to NEUTRAL. The switches, using 28.volt d-c
power, control separate electrical circuits to the 115-
volt a-c ignition system and the 28-volt d-c starter.
When a switch is ar NEUTRAL, starting and ignition
circuits are open. When an air start is required, plac-
ing the switch momentarily at START will supply
ignition to the windmilling engine for 120 seconds
through a time-delay unit. When the switch is held at
TEST (for ground operation only), the starter will
tarn the engine over without ignition.

Starting Power Switch,

A guarded switch (figure 1-12) with two positions,
EMERGENCY and NORMAL, is located on the pilot’s
right vertical console. This switch connects the 28.volt
d-c primary bus to the starter bus for emergency starting
when limited external power is available, When only
one 28-volt d-c external power source is available (of at
least 1000-amp rating), the ope lead may be plugged into
the lower d-c receptacle (with the bartery switch at
OFF) aad the starting power switch placed at EMER-
GENCY,

Note
If only one external power unit is available
for starting the airplane, it must be of ar
least 1000-amp capaciry.

The engine then can be started with the starter
switches. When the starting power switch is at NOR-
MAL, the scarter bus is disconnected from the 28-volt
d-c primary bus.

g CAUTION |

For emergency starts, the 28-volt d-c genera-
tor switches must be at OFF. This is to pre-
vent the left generator from overloading dur-
ing the right engine start.

This airplane caanot be started on the bat-
tery. External power is required.

EXHAUSY GAS TEMPERATURE GAGES.

Two exhaust gas temperature gages (figure 1-8), in-
dicating exhaust remperature in degrees centigrade,
are located on the pilot’s instrument panel. The gages
operate from thermocouples located in each engine
exhaust cone and are independent of the airplane’s elec-
trical system, There is no direct control for regulating
the exhaust temperatures by the pilot; however, limited
control for these temperatures can be indirectly achieved
by changing the throttle settings. See Section VII for
a discussion of exhaust gas temperature versus runway
temperature,

Section |

TACHOMETERS.

Two tachometers (figure 1-8), indicating engine speed
in % rpm, ace located on the pilot’s instrument panel.
A tachometer generator is installed in the accessory
section of each engine, The electrical power and fre-
quency it produces for tachometer readings is propor-
tional to engine rpm (100% engine speed is 8000 rpm).

OIL PRESSURE GAGES.

Two oil pressure gages (figure 1.8), ome for each
engine, are located on the pilot’s instrument panel and
indicare oil pressure in pounds per square inch. The
gages are operated by 115-volt ac from the single-
phase inverter essential bus.

FUEL FLOWMETER INDICATORS.

Two fuel flowmeter indicators (figure 1-8), one for
each engine, are located on the pilot’s instrument
panel, The indicators show rate of flow in pounds
per hour and wse both 28.wvolt dc and 115-volt ac.

Note
When the afterburner is operating, a rise in
fuel flow will be experienced; however, the
fuel flowmeter indicators do not indicate fuel
consumed by the afterburners.

The fuel flowmeter indicators are inaccurate
for high rates of fuel flow. However, in the
cruising range (3000 to 5000 pounds per hour),
the indicators may be relied upon for cruise
control.

ENGINE-DRIVEN FUEL PUMP FAILURE WARNING
LIGHTS.

Two 28-volt d-c fuel pump failure warning lights {fig-
ure 1-9), one for each engine, are Jocated on the pilot’s
feft console, The lights are provided to warn the pilot
that one of the two elements of the engine-driven fuel
pumps is inoperative. The lights are controlled by a
pressure switch connected t¢ the two pumping elements,
If the fuel pressure drops at the outlet of one element,
the switch closes and turns on the light. The lights will
indicate an element failure during ground operation
only. A switch on the left main landing gear prevents
operation when the weight of the airplane is removed
from the landing gear.

AFTERBURNER SYSTEM.

Each engine has an afrerburner which can be used to
increase thrust when needed. The afterburner is a
pact of the railpipe. As the gases travel through the
exhanst cone and into the afterburner section, more
fuel can be injected and burned if additional thrust
is desired.

1-9
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Nofte

Normal fuel sequencing must be used to main-
tain afterburning. For further explanation
refer to Section VIIL

Afterburning is best initiated from a stabilized
full-throttle condition. A speed-sensing switch pre-
vents afterburner ignition when engine speed is be-
low 87.5% rpm. The afterburner fuel control system
(figure 1-6) consists of a centrifugal-type fuel pump

LANDING AND TAXI
LIGHT SWITCHES

PYLON TANKS JETTISON BUTTON

CANOPY SEAL
VALVE LOCK

CANOPY SEAL VALVE BUTTON

LANDING GEAR
EMERGENCY OVERRIDE LEVER

LANDING GEAR LEVER

LANDING GEAR
EMERGENCY RELEASE HANDLE
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which is driven by an air turbine powered by air bled
from the engine compressor. This pump supplies fuel
to an afterburner fuel regulator. The fuel regulator,
controlled by the difference in pressure between the
inlet and the outlet of the engine compressor, auto-
matically meters a continuous flow of fuel to the
afterburner. When afterburning is initiated (by lift-
ing the fingerlifts on the throttles), the following
operations take place in the automatic control system

é::hb Wwe & TAX) LIGHT
"m“%" EXTSND  LANDING

S\ VIR

—_—

TAXI

PILOT'S LEFT
VERTICAL CONSOLE

Figure 1-10.
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within approximately 1 second: the valve controlling
compressor air to the afterburner fuel pump opens;
the main afterburner fuel shutoff valve opens; and
afterburner ignition occurs. When afterburner fuel
ignites, the eyelids open, ignition is discontinued, and
afterburning continues. Afterburner fuel is injected into
the exhaust cone through two hot streak ignition probes
located just aft of the turbine wheel, and an after-
burner fuel manifold located aft of the hot streak igni-
tion probes. The fuel injected into the exhaust cone by
the two hot streak ignition probes is ignited by hot
exhaust gases, and the flame is carried back to ignite
the fuel injected into the exhaust cone by the after-
burner fuel manifold. Initial afterburner combustion is
normally accompanied by a momentary drop in engine
speed and 2 momentary rise in exhaust gas temperature.
Afterburning should be completely stabilized in 3 to

Ha4l

4 seconds. When the afterburner is shut off, normal
engine operation should stabilize in about the same
time. If an afterburner flames out, all units of the sys-
tem are returned automatically to the nonafterburning
condition, and afterburning cannot be reinitiated until
the fingerlift is depressed and then raised again. Ex-
haust gas temperature with afterburning should be
stabilized at the same temperature as with military
thrust. The afterburner circuit breakers are of the tog-
gle type to facilitate deactivation of the afterburner
system for ground operation.

Note

When afterburners are shut down, a momen-
tary increase in rpm will be experienced. Re-
tarding the throttle to 98% or below will
prevent engine overspeeding.

1-13
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WARNING

If both single phase inverters fail below
10,000 feet, or if the afterburner a-c control
circuit breaker pops out, the afterburner and
afterburner circuit will be inoperative. When
this occurs, the throttle-actuated eyelid
switches will cause the eyelids to open (with-
out regard to afterburner operation) when

P -t

T.0
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the throttles are advanced to OPEN, resulting
in very low tailpipe temperatures and ex-
treme loss of thrust. If both inverters fail
below 10,000 feet while in afterburning, after-
burner operation will be unaffected. How-
ever, if the afterburners are shut down by de-
pressing the throttle fingerlifts, the eyelids
will remain open, The eyelids must be closed
by moving the afterburner control circuit
breakers to OFF or by retarding the throttles
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Figure 1-12.
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to approximate 90% position. Eyelid closure
will be apparent by an immediate increase in
thrust and a return to normal tailpipe tem-
perature. Only military thrust will be avail-
able for the duration of the flight.

@ If both single-phase inverters fail while in
afterburning above 10,000 feet, afterburning
will be unaffected because the holding relay
in the afterburner control box keeps the eye-
lids open; however, once afterburning is shut
off, it cannot be reinitiated. If both single-
phase inverters fail above 10,000 feet, after-
burning cannot be initiated and eyelids will
remain in the closed position, because the
altitude switch breaks the d-c operating cir-
cuit, allowing the “fail safe” eyelid control
valve to keep the eyelids closed.

@ Use the ALL TANKS fuel selector position
for afterburner takeoffs, as this position af-
fords a greater margin of fuel pressure for
maintaining afterburner operation than the
WING TANKS selector position because less
flow resistance exists in the distribution lines
from the main tanks.

AFTERBURNER DEMAND SWITCHES.

Two afterburner demand switches control aftérburner
operation. Each switch is connected by mechanical
linkage to a fingerlift on each throttle (figure 1-7).
The switches use 28-volt dc to control the electrical
circuits in the automatic afterburner system. After-
burning is initiated by lifting the fingerlift when the
throttle is in the 909% to 1009 rpm range. A speed-
sensing switch for each engine prevents afterburner
ignition when engine speed is below 87.5% rpm.
When a fingerlift is raised and engine speed is above
87.5% rpm, the valve controlling compressor air to
the turbine-driven afterburner fuel pump opens, the
main afterburner fuel shutoff valve opens, and hot-
streak ignition occurs. After the fuel ignites, the eye-
lids open, and afterburning continues. Both afterburners
may be ignited at the same time during scrambles or in
an emergency. However, individual ignition is recom-
mended to check ignition of each burner. After-
burning is stopped by depressing the fingerlift when
the throttle is in the 90% to 1009 rpm range or by
retarding the throttle below the 90% rpm position.
Either action will turn off the afterburner demand
switch. The fingerlift does this by direct mechanical
linkage, and retarding the throttle does it by means
of a cam arrangement in the throttle quadrant. If
afterburning is stopped by retarding the throttle, the
fingerlift will be lowered to the down position.
Stopping afterburning by either method returns all
units of the automatic control system to a nonafterburn-
ing condition and restores normal engine operation. If
the afterburner flames out, the automatic control will
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shut down the afrerburner. The afterburner will not
reignite until the fingerlift is depressed and then raised
again while the throttle is in the 90% to 100% rpm
range and engine speed is above 87.5% rpm.

AFTERBURNER CONTROL SWITCHES.

Two toggle-type afterburner control switches (circuit
breakers figures 1-9 and 1-13), one on each 28-volt d-c
circuit breaker panel, are used to deenergize the after-
burner control circuits during ground operation or dur-
ing afterburner malfunction in flight. Each switch has
a placarded ON and an unmarked OFF position. When
placed at ON, the afterburner control circuits are ener-
gized; when placed at OFF (unmarked), the circuits
are deenergized. If more than 15 minutes are to
elapse between supplying power to the 28-volt d<
bus and starting or operating engines above idle rpm,
place the afterburner control switches at OFF (un-
marked) and leave them OFF until just before starting
engines. This will deenergize the altitude idle bleed
and eyelid actuator solenoids, thus preventing them
from being damaged by overheating. Two a-c push-
pull circuit breakers, one for each afterburner, are lo-
cated on the a-c circuit breaker panel on the pilot’s
right vertical console (figures 1-13 and 1-25). When the
circuit breaker is set (pushed IN), inverter power acti-
vates the speed-sensing switch which in turn controls
the eyelids at 874% rpm and above (open during
afterburner operation, closed during nonafterburner
operation). Below 87142% rpm, the eyelids are con-
trolled by the lower microswitch located on the engine
throttle quadrant. If the circuit breaker is deactivated
(pulled or pops out) the eyelids will go to the open
position when the upper engine throttle quadrant
microswitch is actuated (approximately 90% rpm)
which will be denoted by a decrease in engine gas
temperature and a loss of thrust, See Afterburner, this
section.

AFTERBURNER WARNING LIGHTS.

Two afterburner warning lights (figure 1-8), located
on the pilot’s instrument panel, provide a visual check
of eyelid position during afterburner operation. When
the engines are being operated at 87.5% rpm or above
and afterburning is selected, the two warning lights
will come on. These lights will stay on (usually 1 to 5
seconds) until afterburner eyelids open, at which time
the lights will go off, indicating normal after-
burner operation. If the warning lights fail to go off
(indicating eyelids closed), afterburning should be
discontinued. If an afterburner flameout occurs, the
warning light will not come on until the eyelids close.
If the eyelids do not close, the flameout will be indi-
cated by the increase in rpm and a sudden drop in
tailpipe temperature on that engine. The afterburner
warning lights are inoperative on some airplanes.
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OIL SUPPLY SYSTEM.

Each engine has an independent dry sump, full scav-
enge oil supply system. See figure 1-14 for oil quantity
data. Oil is gravity fed from the tank, mounted on the
outboard side of the engine, to the main engine-driven
pump. The main pump distributes the oil under pres-
sure through a filter to the accessory gears and engine
bearings. The scavenge side of this same pump returns
oil from the accessory and forward engine bearing to
the oil tank. A midframe scavenge pump scavenges
oil from the mid, damper, and aft bearings, and re-
turns it through a heat exchanger to the oil tank. The
heat exchanger uses fuel flow to cool the scavenged
cil. The operation of this system is entirely automatic.
See figure 1-45 for oil specification and grade,

FUEL SUPPLY SYSTEM.

The airplane has two independent fuel supply systems,
left and right, with interconnecting lines and valves for
crossfeeding (figure 1-16). Each system has a main
fuselage tank, two multicelled wing tanks, a perma-
nently installed tip tank, and a jettisonable pylon tank.
The right system main tank is in the nose section; the
left system main tank is in the aft fuselage. For fuel
quantity data, see figure 1-15. During normal opera-
tion, fuel is pumped to the engines from the main
tanks which are automatically replenished from the
wing tanks. As wing tank fuel level is lowered, fuel
from the pylon and tip tanks flows simultaneously into
the wing tanks under air pressure from the engine
compressors. Fluid level actuated valves within the
wing tanks close when the tanks become full to pre-
vent overfilling and pressurization. Pressurization of
pylon and tip tanks is automatically regulated at ap-
proximately 6 psi and transfer of fuel from these tanks
will continue until the pylon and tip tank fuel supply is
exhausted or jettisoned. When a tip tank empties, a
fluid level actuated shutoff valve within the tank
closes the fuel line from the empty tank to the wing
tanks. When a pylon tank empties, a float switch is
acruated, causing a solenoid valve in the pylon air
pressurization line to close. After the wing tanks be-
come empty, the main tanks continue to supply fuel
to the engines, When the main tank fuel level is low-
ered to the 100-gallon (650-pound) level, a low-level
warning light on the pilot’s instrument panel will
glow red. For all normal operation, fuel flow sequence
is completely automatic; however, wing tanks may be
selected and fuel will be pumped directly from wing
tanks to the engine. Crossfeed operation permits both
engines to operate from either fuel system, or permits
single-engine operation from either or both fuel sys-
tems. Fuel for afterburning is pumped from the main
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QUANTITY DATA

For each tank

U S GALLONS

Figure 1-14.

fuel line to a turbine-driven pump on each engine,
through the afterburner fuel regulators, and then to
the afterburners. (For fuel specification and grade, see
figure 1-45.)

Booster Pumps.

Each of the two fuel systems has four 28-volt d-c
booster pumps, one in each of the wing tanks and two
in each main tank. During normal operation all
booster pumps operate continuously. The pumps are
designed for sustained operation wet or dry, and
therefore may operate in an empty tank.

Low Pressure Fuel Filter De-Icing System.

A low pressure fuel filter de-icing system is provided
for the engines. Alcohol is injected at the pilot’s dis-
cretion into the low-pressure filters to dissolve any ice
accumulation in the filters or engine fuel controls.
(For further description and operating procedure for
this system, refer to Section IV. For alcohol specifi-
cation, see figure 1-45.)
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Figure 1-15.

Pylon Tank Jettison System.

The pylon tanks may be jettisoned electrically or, in an
emergency, released manually. The ejection system
in each tank pylon includes an ejector mechanism,
consisting of an electrically ignited propellant charge.
When the pylon tanks are ejected, 28-volt d-c power
ignites the propellant charge which releases the attach-
ing hooks and actuates an ejection piston which forci-
bly ejects the tanks clear of the airplane. When the
tanks are manually released by pulling the external
stores emergency release handle, they fall by gravity
alone. Both tanks are jettisoned simultaneously.

; CAUTION ¢

If pylon tanks are manually released, minor
damage to the airplane may occur.
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Tip Tank Fuel Dump System.

Each tip tank has a 28-volt d-c motor-driven dump
valve located in the tip tank tailcone. When these
valves are opened, fuel is forced overboard under nor-
mal tip tank air pressure through an outlet in the tail-
cone at a rate that will normally empty a full tip tank
in approximately 90 seconds. The valves are held open
for approximately 2 minutes by a time-delay relay.
Tip tank fuel will not be completely dumped during de-
celerations or dives; however, a new dumping cycle may
be initiated if required.

Note
@® Tip tank fuel cannot be dumped while the
weight of the airplane is on the wheels, be-
cause the oleo strut ground safety switch
breaks the tip tank fuel dump electrical circuit.

@ The fuel gage selector switch should be placed
at the TIP position prior to and during dump-
ing of tip fuel. This will enable the pilot to
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determine if the fuel in both tip tanks has
been dumped and whether or not an un-
balanced tip tank fuel condition exists,

Single-Point Fueling System,

For description and operation of the single point fuel-
ing system, refer to Section IV.

FUEL SELECTOR SWITCHES.

Two rotary 28-volt d-c selector switches (figure 1-18),
one for each system, are located on the fuel control
panel. Each switch has ALL TANKS, WING TANKS,
and PUMPS OFF positions. When a selector switch is
at ALL TANKS, all related booster pumps operate
continuously and fuel sequencing is automatic: pylon
and tip tanks feed the wing tanks, wing tanks feed
the main tank, and the main tank feeds the engine.
When a selector switch is at WING TANKS, only
the wing tank booster pumps in that system operate
and fuel is routed directly from wing tanks to the
engine; however, pylon and tip tanks will continue
to replenish the wing tanks. When a selector switch
is at PUMPS OFF, all booster pumps in that system
are shur down. The starter control circuit is inter-
locked with the fuel selector switches, making it im-
possible to start an engine with its fuel selector in the
PUMPS OFF position. This modification prevents loss
of afrerburner power during takeoff but has no effect
on loss of afterburner power due to system malfunc.
tion or PUMPS OFF power switch sertings made after
starting engines.

Note

Placing the selector switch at PUMPS OFF
does not close the firewall fuel shutoff valve,
This valve will close when the throttle is
moved to the closed position or when the
engine fire selector switch is actuated.

i CAUTION |

After positioning the fuel selector switch ar
any position, allow at least 3 seconds to elapse
before selecting apother position. This will
preclude any possibility of the affected fuel
system motor valves being reversed in mid-
cycle, thus shortening valve life.

CROSSFEED SWITCH.

A 28volt d« crossfeed switch (figure 1-18), located
on the fuel control panel, has OPEN and CLOSED
positions. When the crossfeed switch is at OPEN, the
main fuel lines of both systems are interconnected;
both fuel systems may be used to operate one engine
or both engines may be operated from either fuel

Section |

system. Unbalanced lateral fuel loading (wing heavi-
ness) may be corrected by feeding both engines from
the system having more fuel. To balance fuel load,
the crossfeed switch is placed at OPEN and the fuel se-
lector switch for the system with less fuel is placed at
PUMPS OFF. When fuel load is balanced, as indicated
by lateral trim or fuel quantity gages, the selector
switch is returned to ALL TANKS and the crossfeed
switch to CLOSED,

ENGINE FIRE SELECTOR SWITCHES.

Two guarded 28-volt d-c engine fire selector switches
(figure 1-39), ope for each engine, are located on the
pilot's right vertical console. Lifting the guard and
placing either switch in the UP position arms the
fire extinguishing agent discharge swich and closes
those fuel shutoff valves which isolate the related
engine from its fuel supply.

THROTTLE-ACTUATED FUEL SHUTOFF SWITCHES.,

Two 28-volt d- throttle-actuated fuel shutoff switches,
one for each engine, are actuated when the throttles
are moved to the closed position. Actuation of these
switches closes the firewall fuel shutoff valves.

Note
If the right engine fuel selector switch is at
WING TANKS, the related throttle-actuated
fuel shutoff switch will not isolate the en-
gine from its fuel supply.

PYLON TANKS JETTISON BUTYON.

A 28-volt dc pushbutton (figure 1-10) marked PY-
LON TANKS JETTISON is located on the pilot’s
left vertical console. When the button is pressed, both
pylon tanks are ejected simultaneously,

EXTERNAL STORES EMERGENCY RELEASE HANDLE.

An external stores emergency release handle (figure 1-9)
is located on the pilot’s left console. This emergency
release handle is linked by cables and belleranks to the
bomb shackle release in each pylon. When the handie
is pulled our approximately 7 inches with a force of
approximately 50 pounds, both right and left bomb
shackles will be tripped simultaneously and both pylon
tanks will drop by gravity.

If pylon wanks are mannally released, minor
damage to the airplane may result.

TIP TANK FUEL DUMP BUTTON.

A 28-volt dc pushbutton (figure 1-18) marked PRESS
TO DUMP TIP TANK is located on the fuel control
panel. When momentarily pressed, this switch operates
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Figure 1-17.

a time-delay relay which opens right and left tip tank
dump valves for approximately 2 minutes. A full tip
tank will normally dump in approximately 90 seconds;
however, during dives or decelerations, all tip tank fuel
will not be dumped. A new dumping cycle may be initi-
ated if required.

[wamnne )

Do not dump tip tank fuel when firing
rockets or missiles because of the fire hazard.

FUEL QUANTITY GAGES AND SELECTOR SWITCH.

Two 115-volt a-c fuel quantity gages and a five-posi-
tion 28-volt d-c rotary tank gage selector switch (fig-
ure 1-19), located on the pilot’s instrument panel, en-
able the pilot to read total fuel quantity or individual
tank quantities. Positions of the gage selector switch
are ALL, MAIN, INBD, OUTBD, and TIP. (Pylon tank
fuel is not included in the fuel quantity gage system.)
When the gage selector switch is placed at ALL, total
fuel in each system is indicated on the respective quan-
tity gage; when the switch is placed at any individual se-
lection, only the amount of fuel in the selected tank is
indicated. Capacitance-type fuel probes are located in
each tank and vary an electrical signal in proportion to
fuel level; the resultant signal changes are reflected on
quantity gages calibrated in pounds of fuel. To deter-
mine that the gages are operating, a 28-volt d-c press-to-
test switch, common to both gages, is provided on the
panel between the two quantity gages. Pressing this
switch causes the needles of the gages to swing to off-
scale positions; releasing the switch causes the needles
to return to their original positions, thus indicating
that the fuel quantity system is functioning.
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FUEL SYSTEM WARNING LIGHTS.

One aft cg and two low-level warning lights, all oper-
ating on 28-volt dc, are located on the pilot’s instru-
ment panel immediately above the fuel quantity indi-
cators. Each low-level warning light is operated by a
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Figure 1-19.

float switch in each related main tank and will come
on when main tank fuel is lowered to the 100-gallon
(650-pound) level. The aft cg warning light is oper-
ated by, and in series with, two float switches, one
located near the full level of the right main tank and
one located near the empty level of the right tip tank.
The aft cg warning light will come on when the main
tank fuel level is lowered 50 gallons (325 pounds)
from full with any fuel, above residual, remaining in
the right tip tank. When the aft cg warning light
comes on, airspeed must be reduced to Mach 0.65 or be-
low. For discussion on center of gravity limitations, refer
to Section V; for corrective action for aft cg warning,
see Section III.

ELECTRICAL POWER SUPPLY SYSTEMS.

One direct-current system and three alternating-cur-
rent systems supply the electrical power. The 28-volt

hH-22C

d-c system obtains power from three engine-driven
generators, one on the left engine and two on the
right engine. A 24-volt, 36 ampere-hour storage bat-
tery in the forward fuselage section serves as standby for
emergency d-c circuits. The d-c generator on the left
engine and one of the d-c generators on the right engine
also function as starters. Full generator output is
reached at 35% engine rpm. Alternating current is sup-
plied by a constant frequency 115-volt a-c single-phase
inverter system, a constant frequency 115-volt a-c three-
phase inverter system,and a variable frequency 115/200-
volt a-c three-phase alternator system. All inverters, two
for each system, are powered by the primary 28-volt
d-c bus. The alternator is engine-driven and is located
on the left engine. External a-c power is required for
ground operation and starting. External power recep-
tacles for the 28-volt d-c system and 115/200-volt a-c
alternator system are on the right engine air intake
duct.
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POWER SOURCE LOST

2 INVERTERS:

1. POWER
a. 115-volt AC
single-phase
2500-VA (main)

b. 115-volt AC

EQUIPMENT LOST

AFTERBURNER SPEED-SENSING
SWITCH

AUTOPILOT

AUTOSYN INSTRUMENTS

CABIN TEMPERATURE CONTROL

ENGINE IGNITION

FUEL QUANTITY GAGE SYSTEM

GLIDE SLOPE RECEIVER

SIDESLIP STABILITY AUGMENTER

VHF MAVIGATION RECEIVER

WINDSHIELD DE-ICE AND DEFOG
CONTROLLER

FLIGHT COMPUTER

DIRECTIONAL INDICATOR
(SLAVED)

FIRE CONTROL SYSTEM
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EQUIPMENT PICKED UP
AUTOMATICALLY

FLIGHT COMPUTER
DIRECTIONAL INDICATOR

EQUIPMENT PICKED UP
MANUALLY

By manually selecting
emergency operation, the
spare inverter will supply
power to all equipment
normally powered by the
main inverter.

EQUIPMENT LOST
_ PERMANENTLY

Power to the Fire Control 58
System will be cut off when =
power from the spare e
inverter is shifted to the &5
Essential bus upon select- &
ing emergency operation.

FIRE CONTROL SYSTEM

S single-phase NONE NONE
5 2500-VA (spare)
‘.'-\
E 2. INSTRUMENT
115-volt AC ATTITUDE INDICATOR Only one inverter, main
three-phase or spare, operates at a
500-VA NONE time; if one fails, select NONE
. the other.
it a. mamm
"'_f__ b. spare
& ALTERNATOR:
. ?_ 200/115-volt AC FIRE CONTROL SYSTEM FIGHTER IDENTIFICATION FIRE CONTROL SYSTEM
;- three-phase FUEL VENT DE-ICE HEATERS SYSTEM FUEL VENT DE-ICE HEATERS
3 MISSILE HEATERS WINDSHIELD DEFOG MISSILE HEATERS
NADAR HEATER NADAR HEATER
RADAR NONE RADAR
RADOME ANTI-ICING FLUID RADOME AMTHICING FLUID
] HEATER HEATER
< WINDSHIELD DE-ICE HEATER WINDSHIELD DE-ICE HEATER
v FIGHTER IDENTIFICATION
> SYSTEM
: WINDSHIELD DEFOG
GENERATORS:
28-volt D C genera- I} one generator fails,
3 tors (One on left NONE the remaining two will NONE NONE
.- engine and two on carry the load. :
- o right engine) -
. BATTERY:
24-volt, 36 ampere- NONE NONE NONE NONE
hour storage (The battery serves as
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standby for D C cireuit
during flight.)

Figure 1-20.
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