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MAVWEPS 01-85FGG-501

Foreword

IMPORTANT

To gain the maximum benefits from this bandbook
it is imperative that you read this page carefully.

FOREWORD

The function of this flight handbook 15 to acquaint the
pilot with the airplane, furnishing information necessary
for normal and emergency flight. It is most important
that the pilot keep abreast of all pertinent Interim
Revisions which may have been issued since the publica-
tion of this handbook, but which may not yet have been
incorporated in the form of handbook revisions.

The pilot’s flying experience 1s recognized; these 1nstruc-
tions are not intended to teach the basic prinapals of

flight but are designed to provide the pilot with a
general knowledge of the airplane.

‘This handbook 15 divided 1nto sections as follows:

SECTION I, DESCRIPTION. This section describes
the airplane and its systems and controls which contrib-
ute to the physical act of flying the airplane. Also in-
cluded is emergency equipment which is not part of
an emergency system.

SECTION II, NORMAL PROCEDURES. Included in
this section are the procedures to be followed on a non-
tactical flight under normal conditions, from the time
the pilot approaches the airplane until the flight is
completed and the airplane is left parked on the ramp.

SECTION II1, EMERGENCY PROCEDURES. The
procedures to be followed in meeting any emergency
that the pilot could reasonably expect to encounter,
except those in connection with auxiliary equipment, are
described in this section.

SECTION 1V, DESCRIPTION AND OPERATION OF
AUXILIARY EQUIPMENT. This section includes
description, normal operation and emergency operation
of all equipment not directly contributing to flight but
which enables the airplane to perform specialized func-
(10ons.

SECTION V, OPERATING LIMITATIONS. All im-

portant limitations which must be observed during nor-
mal upﬂrar,iun of the airplane are covered in this section.

SECTION VI, FLIGHT CHARACTERISTICS. This
section describes the unique characteristics of this air-
plane in flight.

SECTION VII, SYSTEMS OPERATION. Operation
of the various airplane systems under varying conditions
is discussed in this section, with emphasis given to any
special problems which must be considered.

SECTION VIII, CREW DUTIES. Not applicable.

SECTION IX, ALL WEATHER OPERATION. This
section contains procedures to be followed under extreme
climatic conditions. No repetition is made of procedures
given in other sections.

APPENDIX [, OPERATING DATA. This section
contains all operating data charts and tables necessary
for preflight and inflight mission planning and ex-
planatory text on the use of the data presented.
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=F11F-1 TIGER——

Figure 1-1. F11F-1 Airplane



NAVWEPS

DESCRIPTION

AIRPLANE.

The F11F-1 airplane is a swept wing, single place, turbo-
jet powered, carrier based, high performance day and
night visual fighter designed and manufactured by the
Grumman Aircraft Engineering Corporation. It 13
armed with four 20mm MK 12 guns and is equipped
to carry missiles. Longitudinal control is achieved
by an all movable stabilizer located below the tailpipe
centerline. Vented flaperons are installed for lateral
control. The rudder, flaperons and all movable sta-
bilizer are actuated by a dual hydraulic power system
designed for maximum reliability. Hydraulic powered
leading edge slats and large span flaps are incorporated
to improve the low speed lift characteristics of the wing.

The |‘.trinr:ip:1| dimensions of the F11F-1 airplane are:

Span 31 fr 7-1/2 in.

Span (wing ups folded) . .27 ft 4 an.

Length! 44 fr 1-1/2 1n.
Length® 47 ft 9 in,
Height 13 fe 2-3/4 n.
ENGINE.

The J65-W-18 engine is of the axial flow type and
incorporates 13 compressor stages and two turbine
stages rotating clockwise as viewed from the rear.
The engine is equipped with an afterburner and a
two position convergent nozzle. An automatic control

PAdrplanes BuNo, 138610a through 138645b.
“Airplanes BulNo, 141728¢ and subsequent,

01-B5FGG-501

Section |

system for pusi[iuning the nozzle in afrerburner 1s pro-
vided. The engine is equipped with a four element fuel
pump, a self-contained lubricating system and a speed-
dem.it}- type fuel control system,

The rated thrust of the Engin{* 15 as follows:

Maximum Thrust

(afterburner on) 10500 |b
Military Thrust
(afcerburner off) . . . 7450 Ib
MNormal Thrust
(continuous) G470 Ib

ENGINE FUEL CONTROL SYSTEM.

This system (figure 1-3) consists of a fuel pump,
fuel control unit, six flow dividers, a fuel primer
solenoid and two primers. The fuel pump has a high
pressure section consisting of three parallel gear elements
in series with a centrifugal boost pump. Normally, one
clement supplies the engine and the other two supply
the afterburner. If the engine element fails, the second-
ary afterburner element will assume its function and
will supply enough fuel to operate the engine under
all conditions; while the remaining afterburner element
will permit partial operation of the afterburner. Fuel
flows from the main tank submerged electric boost pump
through the engine fuel inlet, the low pressure boost
portion of the engine pump, then through the high
pressure portion of the engine pump to the engine fuel
control unit. Failure of the main element only of the
high pressure gear pump will cause the high pressure
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ENGINE FUEL CONTROL SYSTEM SCHEMATIC
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Figure 1-3. Engine Fuel Control System—Schematic
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Figure 1.4, Cockpil, Left Side—Airplanes BuNo. 138810a Through 1385845b
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KEY TO FIGLRE 1.4

Anri-Blackoutr Sair Tube Recepracle
Anti-Blackout Valve Coatral Knoh
DELETED

Circuit Breaker Panel

Wheel Brakes Emergency Conirol Handle
Emergency Hydranlic Turbine Controdl Handle
Cockpit Aie Diffuser Conisol Handle
Microphone Switch

Spocd Brakcs Switch

Power Control Lever

Catapuili Grip

Bosssr Purmp Cur-0HE Swinch

Engine Fuel Control Switch

Fucl Tank Emergency Sclecrr Swinch
“Winig Fuel Transfer Switch

Fuel Tank Pressure Saich

[ B
4.
11k,
I,
Zl
2
%
4.
I8
R
B
i
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ik,
i

Chaygen Conrrol Pamel

Wing Fuel [hump Switch

High Pressure Fuel Pamp Waming Ligh
Matinial Fuel Conirol Indicator Light
Low Presssire Fuel Pump Warning Ligh
Flaps Contesl Hamdle

Power Conmrad Lever Fricuesn Comrrol
Yaw Damper and Redder Trim Swaitch
Aferburner Morsle Overside Swiich
Airstan Ignition Swich

Diirestional Trim Contral Knok

Speed Brakes Owverride Swinh

Radur Comndene]l Prisil

Ak 3% Mod 2 Fire Coneeald Panel
Hadar Tone Yolume Control Kaob

LOS-DO458-10 SJAMAYM
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Figure 1.-4A. Cockpit, Left Side—Airplanes BuNo. 1417 28¢ and Subsequent
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Anii-Blackoart Suit Tube Reveptacle
Anti-Blackeuwr Valve Contredl Kaob

MR 44 Mod 0 Control Box

Wheel Brakes Fmergency Contral Handle
Alecburmer Moszle Overdlde Swinch
Emergency Hydraulic Turbine Control Handle
Speed Hrakes Owerride Swinh
Microphone Switch

Power Conprol Lever

Spoed Brakes Switch

Flaps Contenl Handle

Catapuls Grip

Booat Pump Cut-0f Swinh

Engine Fuel Control Swiwh

Fuel Tank Emergeocy Selecior Swirch

KEY TO FIGLIRE 1A

in,
7.
IR
1.
20,
i
22
=%
F1 8
1%
I
7.

IH.
X0,
Ak,

Wing Fuel Transfer Swipch

Fucl Tank Proisure Switch

Oxyvgen Coneral Panel

Exterior Lights Avxiliary Master Swindh
Wing Fuel Dump Swiwh

High Pressure Fuel Pemp Warmng Light
Manual Fael Comrol Indicanor Lighe
Low Pressure Fuel Pump Warning Ligha
Power Conimsl Lever Frivtson Coniraol
Adrstart Ignition Swinh

Yaw Damper and Rudder Trm Switch
Direcvional Trim Comeed Rnob

Radlar Ciniroal Panel

Radar Tone Yolume Comrol Knoh
Cockpit Pressure Alumeter

LOG-D0458" 10 SdIMAYN
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Figure 1-5 Cockpit, Forward—Airplanes BuNo. 138410a Through 138845k
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Angle of Anack Indikamor

Ignion Warning Loghi

Taihameter

Airspeed-Mach MNustsber Indicamor

Low Level Fuel Warning Lipha
Alumeter

Radar AFC Maover

Ciyenr Hispipon Indicarne

Radar Range Moior

Turn and Bank Indicator

Radar Tracking Indicator Light

Coarse Indicamr—I113 240/ ARMN

Raie of Climb Indicalog

Fire warmeng Light

Lomigitndinal Teim Possten Indicator
Croas-Pomter Course Indscarnr—I0-249A FARN
Fisel Quantity Check Swinch

Take-Off Cheok List

Reprater Oxvgen Flow Indicanor

Fire Warmeng Light Cirouit Tes Switch
Fuel Quantiry Indicator Test Swaich
"l:li-'n-ninn L1!|'l|:l. Tewt Swirih

Compass and Airspeed Correction Cand
Arresting Mook Warning Light
Commbined Sysiem Hydeaul Pressuse Cage
Arresting Hook Up Coneol Swinch
Arrcsteng Hiak [Mwn Control Handle
Hanpe Indicamr—II3-300/ARN

Fismwi Hean [Dilluser Cofinend Handle

KEY TO FIGURE 1.5

3.
L1
52,
AS,
o B
34,
R,
17.
18,
3,
4,
4l.
43
43,
44,
44
<A,
47,
48,
A

ho,
%1,
Vi
W4

%4,
L1

4,
'
“

Lk

Tlight Syseem Hydraulic Pressure Gage
Clwk

Fuel Guancity Indscacor

Faiel Flisw Irdicaros

Fued Balance Indicasor

Fin Fuel Indicaos

Hudider Pedals Adjusrment Hanadle
Wing Fuel lndicatnr

External Stoees Control Panel
Wing Tank Pressure Indicaror

Afr Tank Preswure Indicamr
Acceleroemneter

Preswure Rario Indicator

Speed Brakes Position Indicacnr
Slaes, Flaps and Flevamss Locked Indscanor

il Pressure Indicator

'h:'lp':p;— Temperature Indicator

Landing Check List

Landhing Ciear Warning Lighi

Landing Gear Costrol Lever Down Lock Release Knoh
Landing iear Emergency Concrol Handle
Wiheels and Flaps Position Iadicasor
Sdght Unit Adjusmens Kmobs

Lancing Gear Concrod Lever

Goan Conprol Switch

Crun Selection Swinhes

il Pressure Warnming Lighs

Acenameont Master Switch

Jertison Liwking Lever

Canapy Coniral Lever
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KEY TO FIGURE 1-%4

Tachometer

Tailpipe Temperature ladicator

Chl Pressure Warning Light

Ipmivion Warming Light

Wheels Warning Lighi

Airspeed-Mach Number Indicaror

Angle of Atack ladivacor (Airplanes Bulo, 138640b and
Subseguent )

Angle of Attack Light Assembly (Awrplanes Balvo. 1386400
and Subsequent)

Hadar Range Metes

Radar Tracking Indicasor Lighi

Gyro Horizon Indicawor

Clock

Course Indicatar—ID-2%0/ARM

Fire Warning Light

Scand-By (Magnewc) Compass

Longitadinal Trim Position Indicavor
Acceleromeer

Cross-Painter Course [ndicarar—ID-249A4/ARN
Fuel Creantity Iadicasor

Fuel Balance Indicators

Arresting Hook Warning Light

Repeater Oxygen Flow Indicator

Fire Warning Light Cireuir Test Switch

Fuel CQuuanity Indicator Test Switch

Warning Lights Test Swiwch

Compass and Airipeed Correction Cards

LOX Cueantity Gage

Arresting Hook Up Comtrel Swinh

Arresting Hook Down Coniral Handle
delered

1.
M.
LES
3.
s,
Al

i,
jA.
L
4,
41
42
43,
44
4%,
A,
4T,

45,
3,
5.
b
53
.
55,
5.
¥
58,
4,
40,
il
G2,
Ga.

Foot Heat Diffuser Control Handle
Dusl Hydraulic Presure Goge
Take-OF Check Lise

Fuel Quantity Check Swinch

Gyro Fant Erect Switch

Fin Fuel Indicanor

Turti &and Hank lndicdatoe

Rudder Pedals Adjustment Handle
Wing Fuel Indicaror

Wing Tank Pressure Indicator
External Stores Control Pancl

Aft Tank Pressere Indicavor

Speed Brakes Position Indicaros
Slats, Flaps aned Elevarors Locked Indicamr
il Pressure Indicator

Range Indicator—ID-5310/ARN

Raee of Climb Indicartor

Low Level Fuel Warning Light
Landimg Check List

Alvimever

Sight Unit Adjustment Knobs
Landing Gear Control Lever
Wheels and Flaps Position Indicasor
Landing Gear Emergency Compral Hanadle
Landing Gear Contrgl Lever Down Lok Release Knob
Landing Gear Warning Lighi

Fuel Flow Indicator

{run Control Swinch

Gt Selection Switches

Armament Master Swinch

Jerrison Liwking Leves

Canopy Coatral Lever
Peessuse Rario ladicaror
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KREY TO FIGURE §-6

Coenerasor Warning Light

1mC Powes Switch

Piroe Hearer Swisch

Engine Mauer Swich

Exterior Lights Contral Panel

Circuit Breaker Panels

Canopy Delroster Convrol Handle

Cockpit Air DNiffuser Conrol Handle

Hydraulic System [solation Conteol Leves

Cockpir Pressure Alomecer (Airplanes BulMNo. 138610a
through 1386450 )

Yoluncter (Alrplanes BulNo, 141728 and Subsequent)
Map Cate

Poeumatic Pressure Gage

Dhaylight Floodlights Swisch

.

5.
i
7.

18
1%

.
22,
23,
.

32 Remowe Compass Contol Panel (Aurplanes BualNo.
L ARG IO chrough 1586450

MA-1 Compass Conrral Panel (Airplanes BulNo. 1417 28c
and Subseguent)

IFF Conirgl Papel—ANM/AFX-6H

Coder Control Panel—AN/APA-89

YHF Navigarion Control Panel—AN/ARN:14E or
LUHF Navigarion Contral Panel—AN/ARN-21

UHF Communicanions Contred Papel—ANFARC-2TA
Interior Lights Control Panel

Air Condigioning System Control Panel

Fiael Master Switch

Insirument Power Swiwch

Insirument Power Warning Lighi

Voltmerer {Airplanes BoMNo. 138610a through 1386450 )
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8. Bombs end Rockets Swiich : = 1
2. Latersl and Langitudinal Trim Contral Swilch R T 30
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pump warning light on the fuel control panel to illum-
inate. Failure of the low pressure centrifugal boost
pump section (or if the engine is not running, and con-
sequently the pump not operating) will light the low
pressure pump warning light on the same panel if the
submerged electric boost pump in the main tank is not
operating. This light will also glow (when the engine
is running) if the element fails and the boost pump cut-
off switch 1s pressed. The fuel control unit automacically
governs fuel flow to maintain a constant engine speed
at any power control lever setting, regardless of airplane
altitude or temperature condittons. It also compensates
acceleration fuel Alows for variations in compressor inlet
airflow to prevent engine stalling and excessive engine
temperatures. The unit incorporates an automatic and
a manual method of operaton, the pilot selection
of method being controlled by a toggle switch on the
fuel control panel.

AUTOMATIC OPERATIOIN.

In automatic operation, fuel flows from the main tank
through the engine driven pump to the control unit, In
the control unit, fuel flow is regulated by a compressor
pressure rise limiter, a regulator valve, pressure and
temperature compensating valves, a governor valve and
a pressurizing valve. Fuel leaves the control unit and
is piped through the six fuel dividers and 36 outlet ports
to the main fuel burners.

MANUAL OPERATION (EMERGENCY SYSTEM).

Manual operation is selected by the pilot when engine
rpm falls off without the power control lever being
retarded. When properly monitored, manual operation
is as effective, safe and reliable as automatic operation.
When manual operation is selected, a solenoid-actuated
emergency transfer valve in the fuel control unit operates
to route fuel around the automatic functions of the con-
trol unit. This supplies fuel directly to the emer-
gency throctle valve. Manual operation is selected
by setting the engine fuel control switch to MANUAL.
YWhen the switch is in this position, the manual fuel
control warning light glows to alert the pilot that
he 1s operating on manual fuel control and does not have
the automatic controls functioning and that he 15 con-
trolling fuel low directly with the power control lever.

The power control lever must be set to IDLE
position before switching to manual operation
except during operation at take-off. Manual
system operation requires constant pilot atten-
tion to prevent over-speeding, rich blow-out
and excessive temperatures. Fuel flow must
be manually controlled continuously to main-
tain constant rpm and temperatures.

A fail safe fuel control positioner may be installed in
accordance with J65 Engine Bulletin 240 (fuel control
part No. 19082-11 and subsequent for J65-W-18 en-
gines). The purpose of the device is to provide sufficient
power for continued flight in case of a failure of the

Section |

power control linkage (ie., separation of the cockpit
power control lever from the engine fuel control unit).
On airplanes equipped with this device, the fuel control
lever will seek the position which gives 88 = 19, rpm
(with fuel control at AUTO). This power setting per-
mits continued flight under most circumstances. On
engines not equipped with this device, the fuel control
lever will go to an idle power setting. To shut down an
engine with a failed power control linkage, move the
fuel master switch to OFF. However, the time interval
between movement of the switch and initial deceleration
varies too much and is too long (12 to 27 seconds) to
permit a safe landing with a power-on approach. (See
Fuel Boost Pump Emergency Shut-Off Switch paragraph
in this section, and see Failure of Power Control Linkage
paragraph in Section IIL.)

ENGINE FUEL 5YSTEM CONTROLS.
ENGINE MASTER SWITCH.

The engine master switch (4, igure 1-6) 15 a two posi-
tion ON-OFF toggle switch mounted on the electric
master panel on the right console. In ON position,
it supplies d-c power for operation of the high pressure
pump warning light, the engine fuel control selection
circuit, the engine fuel control unit solenoid valves, the
starter cut-out switch, the ignition system and the pri-
mer solenoid.

FUEL MASTER SWITCH.

The fuel master switch (21, figure 1-6) 15 a two position,
guarded toggle switch mounted on the electric master
panel on the right console, In ON position, it supplies
d-c power for operation of the main fuel shut-off valve
and the fuel system power relay. The guard must be
lifted before the switch can be moved from one position
to the other.

ENGINE FUEL CONTROL SWITCH.

The engine fuel control switch (13, figure 1-4; or 14,
figure 1-4A) is a two position toggle switch mounted
on the fuel control panel on the left console. In AUTO
position, the automatic system of the engine fuel control
unit is operative. In MANUAL position, the automatic
controls are by-passed and fuel flow to the engine must
be manually controlled by the power control lever.

When in MANUAL, fuel low must be care-

fully controlled to maintain constant rpm and
tatlpipe temperatures.

BOOST PUMP CUT-OFF SWITCH.

The push-button type boost pump cut-off switch (12,
figure 1-4; or 13, figure 1-4A) is mounted on the fuel
control panel on the left console. When pressed, it

opens the crcuit through the fuel boost pump relay
and causes the suhmerged boost pump to stop. This wall

light the low pressure pump warning light if the engine
boost pump is not producing correct pressure.

15



Section |

e
] CAUTION l

This switch should be used only for a preflight
check.

BOOST PUMP EMERGENCY SHUT-OFF SWITCH.

The boost pump emergency shut-off switch is installed
below the left canopy rail in accordance with F11F Air-
craft Service Ehﬂ.ngﬂ MNo. 116", This switch 1s installed
to provide brief and consistent engine shut-down should
power control linkage failure occur before or during
the ﬂ.PPl‘ﬂ-ﬂ[h to a held lnnding‘ (See Fatlure of Power
Control Linkage paragraph in Section 1Il.)

ENGINE FUEL SYSTEM INDICATORS.

HIGH PRESSURE FUEL PUMP WARNING LIGHT.

The high pressure fuel pump warning light (19, hgure
1-4; or 21, figure 1-4A) is a translucent, back-lighted
plastic panel in the fuel control panel on the left
console, It is illuminated only when the main element
of the pump 15 malfunctioning.

LOW PRESSURE FUEL PUMP WARNING LIGHT.

The low pressure fuel pump warning light (21, figure
1-4; or 23, figure 1-4A) is a translucent, back-lighted
plastic panel in the fuel control panel on the left
console. It is illuminated when both the submerged
boost pump in the main tank and the engine driven
boost pump fail. The light receives dc from the primary
bus, through the instruments circuit breaker, when the
d-c power switch is set to BAT. & GEN. or to BAT.
ONLY. Prior to starting the engine, operation of the
submerged boost pump may be checked by setting the
fuel master switch to ON and pressing the boost pump
cut-off switch button. The low pressure fuel pump
warning light will glow as long as the switch s held
depressed and should go out when it is released. While
the engine 1s running, the engine driven boost pump may
be checked by pressing the boost pump cut-off switch
button and observing that the light does not glow.
This is an indication that the engine driven boost
pump is delivering the required pressure when the sub-
merged pump is shut off.

Note

The use of a single light for the dual purpose
described does not permit identification of mal-
function. It warns the pilot only of trouble in
the low pressure portion of the fuel system.
THE BOOST PUMP CUT-OFF SWITCH
SHOULD BE USED ONLY FOR PREFLIGHT
CHECK.

FUEL FLOW INDICATOR.

This indicator (33, hgure 1-5; or 57, figure 1-5A) is
located on the main instrument panel. It has a pointer
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which shows the rate of fuel flow in hundred of pounds
per hour out of the engine fuel control unit.

MANUAL FUEL CONTROL INDICATOR LIGHT.

The manual fuel control indicator (20, figure 1-4;
or 22, figure 1-4A) is a translucent, back-lighted, amber
plastic ]‘J':ulEI in the fuel control |1ur|E| on the left console.
It is illuminated when the manual engine fuel control
system has been selected.

POWER CONTROL LEVER.

The power control lever (10, figure 1-4; or 9, figure
1-4A) is installed in the quadrant on the left console.
When i1t is set full aft and inboard to the OFF position,
the engine is shut down, the engine fuel control unmit
cut-off valve is closed to prevent fuel entering the engine
fuel control unit and the ignition 15 off. When the
engine master switch has been set to ON and the power
control lever 1s moved outboard to the START detent,
it energizes a solenoid on the external gas turbine com-
pressor. The solenoid opens a valve on the compressor
which then supplies air to the starter to ciank the engine
up to 159 (1245 rpm). The ignition circuit is energized
when the power control lever is moved slightly forward
(3-5°) from the START detent. When the power
control lever is moved forward to IDLE detent, the
engine fuel control unit cut-off valve opens and fuel is
fed to the burners to operate the engine at the proper
idle rpm, approximately 429, (3500 rpm). Moving
the power control lever forward from IDLE to NOR-
MAL opens the fuel passages sufficiently to operate the
engine at approximately 96.59 (8000 rpm), and moving
it further forward from NORMAL to MIL (military)
opens the passages to operate the engine at 1009, (8300
rpm). A detent outhoard of the MIL setting 1s pro-
vided for operating the afterburner. Engaging the
power control lever in the detent actuates a switch to
start the afterburner operating, Thirteen degrees of
power control lever movement are provided within the
detent to enable the pilot to modulate rpm and afrer-
burner thrust. (See Afterburner paragraph.)

A three way, thumb operated toggle switch on the in-
board side of the grip controls the speed brakes. A
momentary push button type microphone switch is in-
stalled in the top of the grip and the entire grip ro-
tates to control caging of the sight unit gyro.

FRICTION CONTROL LEVER.

A frction control lever (23, figure 1-4; or 24, figure
1-4A) is installed on the inboard side of the quadrant,
The lever 15 moved forward to increase friction on the
power control lever, aft to decrease it. It will not
completely lock the power control lever.

CATAPULT GRIP.

A folding cross bar (11, figure 1-4; or 12, figure 1-4A)
is installed across the forward end of the quadrant to

'F1IF Arrcrafr Service Change MNo. 116 can be incorporated on Airplanes BulNo, 138610 through 138645, and BuNo. 141728

through 141884,
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enable the pilot to hold the power control lever against
the forward stop during catapult take-off. The cross
bar can be raised and swung outboard to facilitate
pilot’s access to forward console controls.

ENGINE COOLING.

Engine cooling is accomplished by four separate auto-
matic systems. The first uses a portion of the compressor
air to cool the combustion chamber liners and the turbine
blades. The second bleeds air from the compressor and
passes it around the center main and rear main bearings.
The third system cools the afterburner by picking up
outside air thruugh fUEIE.*IH.EE ducts and Fﬂssi.ng it between
the blanket shroud and the afterburner. This air ex-
hausts at the rear of the shroud. The fourth system
bleeds air from the ram air ducts for EnnIinE of the gen-

erator and the engine driven hydraulic pumps.
IGNITION SYSTEM.

The ignition system is used only for starting. It consists
of a limit switch on the quadrant, an ignition unit, a
speed switch, a primer solenoid, primer igniters, an
ignition warning light and an airstart ignition switch
(20, figure 1-4). When the power control lever is moved
slightly forward (3-5°) from the START detent and
with the engine master switch ON, the limit switch 1s ac-
tuated and allows 28 volt dc to pass through the speed
switch, the primer solenoid, and the ignition unit to the
primer igniters. The speed switch is set to close the
primer solenoid and open the ignition circuit at 1900
rpm. When the airstart switch is actuated, it allows 28
volts dc to pass through the ignition unit to the igniters
at any rpm. Dc is provided to the primer solenoid si-
multaneously through the 3-5° throttle switch.

MNote

Power for the ground starting ignition circuit
is available only when the engine control circuit
breaker is in and the engine master switch is
ON. Power for airstart ignition is available
whenever the airplanes d-c primary bus is ener-
gized and 1s obtained by moving the airstart
ignition switch to ON.

IGNITION WARNING LIGHT.

The ignition warning light (2, figure 1-5; or 4, figure
1-5A}, located on the main instrument panel, glows
whenever the normal or airstart ignition system is
urned on. During ground starts, it will also light as
the power control lever is slightly advanced from OFF
and will go out as the starting air supply shuts off,
approximately 20 seconds later. See Airstart Procedure

in Section I11.

If, under emergency conditions, the ignition
system 1s allowed to remain on more than

'Asrplanes BulNo. 138610a through 138645b.
“Airplanes BulNo, 141728¢ and subscquent.
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(WO minutes at any one time, an engine hot
section inspection will be required.

STARTING SYSTEM.

The ground starting system consists of an air turbine
starter installed on the front end of the engine shaft.
A duct leads from the starter to the left wheel well and
an adapter and end cap are mounted on the end of the
duct. The starter i1s rotated by a blast of air from a
ground starting compressor unit which is coupled to the
starter duct at the adapter. The compressor unit con-
tains a shut-off valve to stop the compressed air supply
when the starter reaches a predetermined cut-off speed
(2500 rpm). The compressor unit shut-off valve is
opened by a solenoid which is energized when the power
control lever 1s placed in the START detent. There is
no separate air starting system. Airstarts are accom-
plished by supplying fuel and ignition to the windmill-
ing engine (see Airstarts paragraph in Section [III).
Starts can be aborted by closing the throttle and turn-
ing off the engine master switch.

ENGINE INDICATORS.
TACHOMETER.

The tachometer (3, figure 1-5; or 1, figure 1-5A) is
located on the main instrument panel. It is powered
by the tachometer generator and indicates engine rpm
in percentage of military rpm (1009, = 8300 rpm).
The dial is numbered in tens from 0 to 100, A small
pointer rotates over a sub-dial which shows graduations
in one per cent of engine rpm to provide more accurate
readings than the large pointer.

TAILPIPE TEMPERATURE INDICATOR.

This indicator, marked EXH, TEMP., (46, figure 1-5; or
2, figure 1-5A) 1s located on the main instrument panel
and is numbered from 0 to 10. To determine the tail-
pipe temperatures in degrees centigrade, multply che
dial markings by 100. The indicator is actuated by 12
thermocouples installed in the tailpipe.

PRESSURE RATIO INDICATOR,

This indicator (42, figure 1-5; 63, figure 1-5A), located
on the instrument panel, shows the ratio of turbine dis-
charge total pressure to compressor inlet total pressure,
which is a function of engine thrust. This pressure ratio,
with the engine properly stabilized, will provide an in-
dication of the relative level of thrust available for
take-off for various ambient conditions.

The system operates on 115 volt 400 cycle power from
the instrument a-c bus through a fuse' located in a
junction box in the nose section or the pressure ratio
circuit breaker? in the a-c circuit breaker panel.

AFTERBURNER SYSTEM.

The afterburner system provides a means of obtaining
maximum thrust for short periods of time by burning
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additional fuel injected into the afterburner chamber
to increase existing exhaust gas temperatures. Raising
the exhaust gas temperature increases the velocity of the
gases which, in turn, produces higher thrust. The after-
burner accomplishes this without exceeding the allow-
able temperature limits of the turbine, The afterburner
system includes the afterburner chamber, afterburner
element of the fuel pump, afterburner fuel control unit,
hot streak ignition, a momentum switch, hydraulic pump,
two position nozzle, nozzle solenoid valve, the nozzle
actuators and the afterburner switch that is actuated by
the power control lever and an afterburner nozzle over-
ride switch (located on the console aft of the power
control lever quadrant). Afterburner operation is se-
lected by placing the power control lever into the
AFTERBURNER detent located outboard of the MIL
position on the quadrant.

AFTERBURNER CHAMBER.

This assembly is fastened to the engine aft of the turbine
and incorporates a fuel manifold which supplies fuel to
the afterburner nozzles and a lame holder which serves
to stabilize combustion and supply a continuous source
of 1gnition.

AFTERBURNER FUEL CONTROL UNIT.

The afterburner fuel control unit is a servo operated, hy-
dro-mechanical control which meters fuel to the after-
burner as a function of engine compressor discharge
pressure. In addition, movement of the power control
lever while in the afterburner detent enables the pilot
to modulate rpm and afterburner thrust.

HOT STREAK IGNITION SYSTEM.

The hot streak ignition system provides hot streak in-
jection without damage to turbine inlet stator blades.
This is accomplished by using two fuel injectors located
on the upstream side of the turbine. Flow to the in-
jectors is controlled by a solenoid valve. The solenoid
valves are energized by d-c power from the primary
bus, via the power control lever actuated afterburner
switch, auxi liary relay and the momentum switch, Fuel
from the engine fuel control unit is supplied to the
hot streak injection system and is igniced by the hot
exhaust gases produced by the engine. When after-
burner light-up is accomplished, the hot streak igni-
tion is turned off automatically by the momentum
switch. It is also turned on automatically in the event
of an afterburner lame-out. The system is deactivated
when the gun trigger switch is depressed, to prevent the
afterburner from cycling when the guns are fired.

TWO POSITION NOZILLE.

The two position nozzle consists of a rigid circular outer
shell and a movable, segmented inner section. The outer
shell is connected to the inner section by means of a 5Y's-

TAirplanes BulNo. 141751d and subsequent.
“Airplanes BulNo. 138610a through 141750¢.
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tem of cams. Four hydraulic actuators, controlled by a
solenoid valve which is energized through the momen-
tum swiitch, move the outer shell forward and aft.  Afi
movement of the outer shell opens the inner section by
means of the cams to increase nozzle area: forward move-
ment of the outer shell closes the inner section to de-
crease nozzle area. Control of the two position nozzle
is either automatic or manual but the nozzle cannot be
stopped in an intermediate position.

On some airplanes,! should afterburner blow-out occur
during gunfiring, the nozzle will be held open to
permit operation at higher altitudes without com-
pressor stall. See High Altitude Gunfire Induced Com-
pressor Stalls, Overtemperatures and Afterburner Blow-
outs paragraph, Section VII.

On early airplanes”, automatic nozzle control is achieved
by placing the three position afterburner nozzle over-
ride switch (25, figure 1-4; or 5, figure 1-4A) in AUTO,
which energizes the afterburner momentum (pressure)
switch circuit. In case of malfunction of the momentum
switch, manual control of the nozzle can be achieved by
use of the OPEN or CLOSE positions of the nozzle
override switch. If it is necessary to use the afterburner
with a malfunctioning momentum switch, the following
steps must be taken:

a. Set nozzle override switch to AUTO,
b. Place power control lever in afterburner detent.

C. As soon as there is indication of afterburner light-
off, move nozzle override switch to OPEN.

d. If the exhaust gas temperature starts to exceed
limits (which is an indication that the nozzle did not
open), immediately move the power control lever out
of the afterburner detent and the nozzle override switch

to AUTOQ.

Perform step d. when it is desired to secure afterburner
operation and return to basic engine power. It is
recommended that operation of the afterburner with a
malfunctioning momentum switch be kept to a minimum
because the "hot streak ignition” fuel is continuously
injected, with the possibility of local heat damage to the
turbine inlet stator vanes.

This three position switch in normal operation is ef-
fective only when the power control lever is in the
afterburner detent. Whenever the power control lever
is moved out of the afterburner detent, the nozzle will
always close regardless of the position of the nozzle
override switch (unless the nozzle is mechanically
jammed open).

MNote
When the nozzle override switch is positioned
to (CLOSE, the afterburner is shut off even if

the power control lever is in the afterburner
detent.
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UNUSABLE ‘
USABLE FUEL |
FUEL (trapped in ;
TANKS NO. | NORMAL | tank and lines) Exiﬂéf” ;J,_.ﬂL‘“;;E
FLIGHT NORMAL '
ATTITUDE FLIGHT
ATTITUDE
QUANTIT I Main ] 512 3 | 19 531
Aft 1 72 | 4 i 0 272
DATA i 1 5 N =
Wing
(US GALLONS) Droppble

Figure 1-7A. Fuel Quantity Data Table

On some airplanes’, automatic nozzle control 1s achieved
only when the two position afterburner nozzle override

switch 15 in NORMAL.

WARNING

When the two position nozzle override switch
15 set to OQPEN, the afterburner nozzle will
open. This positon of the switch 15 effective
even if the power control lever 15 not in the
afterburner detent. A serious loss of power
ll”d J-'?U'.ﬁhil'.l]ﬂ 'L'T'I:Eil'll'.' IJ"'I-{.‘I!"lPﬁEd ]'IIi:I:n' goour if
this switch is inadvertently positioned to
OPEN. In doing so, the afterburner is shut
oft even 1t the power control lever is in the
afterburner detent, and the basic engine will
not develop proper thrust because of the open
nozzle. The OPEN position of this switch
should be used only during low rpm ground
aperation tor checking operation of the after-

'‘Adrplanes BulNo, 141751d through 1418161,
Airplanes BulNo, 141817F and subsequent.

burner nozzle, or as a means of minimixing fur-
bine dﬂnmg{: if exhaust gas temperature hfginﬁ
to exceed himits while .-.tiirting the -E:nginlr;'.

On later airplanes”, automatic nozzle control s achieved

only when the two position nozzle override switch 15 in

NORMAL.

WARNING

The same warning as described above applies,
except that if the afterburner 1s highted prior
to moving the nozzle override switch to OPEN
it will remain in operation. In case of a mal-
functton of the momentum switch and f it s
desired to operate the afterburner in flight,

the f::]lnwing steps must be taken:

4. Set nozzle override switch to NORMAL,
b. Place power control lever in afterburner detent.

C, As soon as there 15 indication of afterburner Iight-
off, move nozzle override switch to OPEN.
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d. If the exhaust gas temperature starts to exceed
limits (which is an indication that the nozzle did not
open), immediately move the power control lever OUT
of the afterburner detent and reposition the nozzle
override switch to NORMAL, Perform step d. when it
is desired to secure afterburner operation and return
to basic engine power.-

Electrical failure on all airplanes will turn the after-
burner off and close the nozzle.

AFTERBURNER OPERATION.

Afterburner operation may be selected by the pilot dur-
ing any phase of flight to improve airplane speed, rate of
climb and maneuvering performance. However, opera-
tion should be limited to brief periods of time because
fuel is consumed at about three times the consumption
rate during military thrust operation. Setting the power
control lever into the afterburner detent puts the after-
burner in operation, When the power control lever is
placed into the afterburner detent, a limit switch in the
quadrant is closed to complete a circuit from the d-c
primary bus to the afterburner fuel control umit. Direct-
current is routed to the bhot streak ignition fuel solenoid
valve through a pressure type momentum switch. In
addition, the momentum switch controls the two po-
sition nozzle.

Setting the power control lever into the afterburner de-
tent opens both fuel pump unloading wvalves in the
afterburner fuel control unit and the hot streak ignition
fuel valve. This action supplies ignition and fuel to the
afterburner, resulting in a light-off. The momentum
switch senses this light-off, because of increased pres-
sures due to afterburner combustion, and closes a circuit
to actuate an auxiliary relay. Actuation of this relay
shuts off the hot streak ignition system and energizes the
two position area nozzle actuator solenoid valve. This
valve 1s then opened to direct hydraulic fluid to the
two position nozzle actuators to open the nozzle.

The momentum switch also serves to relight the after-
burner in the event of a blowout by sensing the decrease
in pressure due to the loss of combustion. When the
static pressure reaches a critical point, the momentum
switch opens, deenergizing the auxiliary relay. When
this relay i1s deenergized, hot streak ignition is supplied
to relight the afterburner and the two position nozzle

is closed.

Caution must be used in initiating afterburning
during engine acceleration. Afterburning is
not to be initiated below 959, (7900) engine
rpm. Throttle manipulation during afterburner
operation below 959, rpm causes a vibration
which may be recognized as a "honking”
EU'I..II'I[!..

The switch in the afterburner detent should
not be actuated manually b}' the nsertion of
any instrument into the detent.
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AFTERBURNER CONTROLS.
MOMENTUM SWITCH.

The momentum switch is a pressure operated switch with
three pressure pick-offs. When the afterburner is off,
the switch is open, but when the afterburner is operating,
changes in static pressure cause the switch to close and
energize an auxiliary relay. The relay in turn shuts off
the hot streak 1gnition and energizes a solenoid actuated
valve, which permits hydraulic fluid to open the nozzle.
In the event of an afterburner flame-out, the momentum

switch will open to supply hot streak ignition for a re-
light and the nozzle will close,

OIL SYSTEM.

The engine oil system consists of an oil tank mounted
on the upper left side of the compressor housing, an oil
pump on the lower left side of the front main bearing
support, a scavenge pump mounted on the accessory
gear box and a low pressure warning indicator. The
oil tank contains an internal pendulum mechanism to
insure oil delivery during inverted flight. In addirion,
the oil pump provides sufficient suction to lift the oil
from the tank when the tank outlet is below the level of
the pump, as occurs in inverted flight. The oil pump
consists of a pressure section and a recirculation section
equipped with a strainer. Two metering pumps are
attached to, and driven by, the oil pump gearing. The
metering pumps feed oil to the center and rear main
bearings. This oil lubricates the bearings and is then
discharged overboard through vapor manifolds on the
center bearing support housing, Qil from the pressure
section is pumped through the filter then to the front
main bearing, the power take-off box and the afterburner
hydraulic pump. The oil going to the afterburner hy-
draulic pump passes through a filter mounted just aft
of the oil pump. Oil from the recirculating section is
piped to the bevel gear box, and from there it drains
into the accessory gear box. The scavenge pump picks
up the oil from the accessory gear box and returns it to
the oil tank. Qil consumption is approximately 0.4 US
gallons per hour. System capacity is 3.0 US gallons,
See figure 1-16 for il grade and specification.

OIL PRESSURE GAGE.

A continuous reading oil pressure gage (45, figure 1-5,

or 45, figure 1-5A) is located on the instrument panel.
(See Section V for oil pressure limits.)

Mote

The indicator is installed in a rotated position
so that the pointer will fall between 0 and
100 when the gaging system is deenergized.

The 26 volt transformer provides 26 volt, 400 cycle ac
for the -:lp!::ﬂtiml of the E“Ei"E system.

OIL PRESSURE WARNING LIGHT.

The o1l pressure warning light (56, fgure 1-5; or 3,
figure 1-5A), located on the instrument panel, lights
when oil pressure falls below 15 (== 1-1/2) psi.
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AIRPLANE FUEL SYSTEM.

Fuel is carried in bladder type fuselage tanks (main and
aft), two integral wing tanks, one fin tank which feeds
through the aft tank, and (when installed) two drop-
pable pylon tanks. (See figure 1-8.) The main tank
includes two bladder tanks and four cheek tanks, all
interconnected. The fin tank and cheek tanks are in-
stalled on all airplanes except two.! The afc tank 1s
composed of six interconnected bladder cells, See figure
1-2 for general arrangement. In normal operation, all
fuel flows to the engine from the main tank through a
submerged, electrically driven boost pump. All tanks
are pressurized by engine bleed air which transfers fuel
from the wing, fin and aft fuselage tanks to the main
tank, This automatic fuel transfer system is designed to
operate normally without electrical power to maintain
the position of the airplane cg within close limits.

On some airplanes® wing tank transfer is electrically
withheld untl the fin tank fuel 15 used; but wing tank
fuel can be transferred in an emergency by setting the
wing fuel transfer switch to EMER. WING TRANS.
After fin tank fuel is used, the pilot can retain wing
tank fuel and, if drop tanks are installed, drop tank
fuel by setting the wing fuel transfer switch to WING
HOLD.

On other airplanes,* wing fuel is automatically withheld
by the fuel head proportioning control until approxi-
mately 500 pounds of fuel have been used from the main
tank. The pilot can retain wing tank fuel and, if drop
tanks are installed, drop tank fuel by setting the wing
fuel transfer switch to HOLD.

Retaining wing tank fuel, in conjunction with the wing
tank dumping system, permits lightening of the airplane
just prior to combat or landing. The weight of fuel (in
pounds) in the fuselage tanks is measured by an elec-
tronic capacitance type quantity indicating system. Fuel
in the wing and fin tanks is not measured. However,
each tank is equipped with float switches which actuate
a full and empty indicator on the instrument panel. The
fuel quantity system also indicates to the pilot the
degree of longitudinal unbalance to serve as a check on
operation of the automatic transfer system. A fuel
quantity indicator is installed to show the total fuel
quantity in both the main and aft tanks. A fuel quan-
tity check switch is located on the main instrument
panel. When this check switch is placed in the MAIN
TK. ONLY position, the fuel quantity indicator shows
the amount of fuel in the main tank only. In addition,
a fuel balance indicator 1s installed to show the con-
dition of fuel balance between these tanks. For fuel
grade and specification, see figure 1-16, and for fuel
quantities, figure 1-7A.

TAirplanes BulNo. 138612a and 13862 3a.
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Mote

When the fuel quantity check switch i1s placed
in the MAIN TK. ONLY position, the fuel
balance indicator may move in either direction.
This movement has no meaning and may be
disregarded by the pilot.

MAIN TANK.

The main tank consists of two bladder type cells inter-
connected for gravity feed from the upper to the lower
cell. Flapper type negative "g" valves are installed on
the interconnect fictings to prevent loss of fuel from the
lower cell in which the submerged boost pump is lo-
cated. The upper cell is mounted between the cockpit
and the engine accessory compartment and the lower
cell is directly below it. A combination pressure fueling
shut-off and flow modulating valve is mounted in the
upper cell. Fuel vent connections enter the upper cell
through the top. The aft connection incorporates a
swing check valve to prevent loss of fuel through the
vent lines during climbs and catapult take-offs. The
upper and lower cells are also connected by intervent
lines. Additionally, four metal tanks (cheek tanks),
occupying the space between the main inlet and the
outside of the airplane, are connected to and function
as part of the main tank.

AFT TANK.

The aft tank consists of six bladder type interconnected
cells installed below the engine in the fuselage aft
section. Each cell i1s half "'U" shnped and extends from
the keel up each side to a point even with the engine
centerline. Fuel vent connections enter each forward
cell through the top and vent interconnectors join all
three cells on each side.

MNote

The airplane fin is an integral fuel tank and,
functionally, is an extension of the aft fuselage
tank, through which it is fueled and defueled.

EXTERNAL TANKS

Aero 1C low drag 150 gallon tanks (designed by
Douglas and modified by Grumman) can be installed on
the wing inboard store station pylons. These tanks
function as extensions of their respective wing tanks, and
are refueled and defueled through the wing tanks. The
tank and pylon fuel system is designed for pressure fuel-
ing (at pressure rates up to 50 psi) and transferring
operations. Restrictors permit filling of the external
tanks firse, When a tank 1s full, further filling is stopped
automatically,. When the pilot selects wing transfer,
fuel lows from the tanks into the wing tank lines and
from there to the main tank. During fuel transfer opera-

“Airplanes BuNo, 138610a through 138627a and 138629b through 138645h.

TAirplanes BulNo. 138628a and 141728¢ and subsequent.
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tions, the tank is pressurized (20 psi) with air. The
tanks are equipped with vent valves to protect them dur-
ing rapid changes in altitude. When the tanks are
empty, they remain at their regulated pressure. If the
wing dump wvalves are opened, external tank fuel is
dumped along with wing tank fuel. The external tanks
can be jettisoned at any time at the pilot's discretion.

FUEL TRANSFER SYSTEM.'

The normal transfer of fuel is from the fin, wing and
aft tank (in that order) into the main tank and then
to the engine. In normal operation, the fuel tank
pressure switch is set to ON and the wing fuel transfer
switch to FIN & WING TRANS. position, causing
hn tank fuel to be transferred first, followed by wing
tank transter and drop tank, if installed. Finally, fuel
i5 used from the main and aft tanks together, as pro-
portioned by the fuel head control system. (See figure
1-8.)

FUEL TRANSFER SYSTEM.-

In normal operation, the fuel tank pressure switch is
set to ON, the wing fuel transfer switch is set to NOR-
MAL and the fuel master switch is set to ON. The
normal sequence of fuel transfer is as follows: approxi-
mately 500 pounds of fuel are used from the main tank,
then the wing tanks and drop tanks (if installed). Sub-
sequent transfer 1s from fin tank in varying proportions
to the main tank until the fin tank is empty (first phase)
and then from the aft tank in varying proportions to
the main tank (second phase). (See figure 1-8.)

[ WARNING I

Mo transfer of fuel from wing or aft tanks can
occur if fuel tank pressure switch is OFF.

The fuel tank pressure switch should be in the
OFF position for all carrier take-offs. For
carrier landings, including touch and go, the
switch should be in the ON position subject
to the weight limitations given in Section V.,

For field take-offs and landings, the switch
should be in the ON position. In the event of
a crash landing, the fuel tank pressure switch
should be placed in the OFF position just
before landing.

FUEL HEAD PROPORTIONING CONTROL SYSTEM.*

The fuel head proportioning control system, figure 1-8,
consists of a fuel head control valve and sensing
lines which maintain a varying, predetermined head dif-
ference between the main and aft tanks to keep the air-
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plane cg within close limits. The valve receives engine
bleed air at 11 psi and directs it through the head sensing
lines for purging and through a valve control line to
open or close the pressure fueling shut-off and flow mod-
ulating valve in the main tank. The fuel head control
valve senses the air and head pressures of each tank and
is set to maintain a predetermined varying differential
between the two tanks. As pressures deviate from the
established differential, the valve admits or excludes the
airflow to close or open the modulating valve, thereby
excluding or admirtting aft tank fuel. As aft tank fuel
is permitted to flow into the main tank, the gradual loss
of aft tank fuel head creates a greater head difference
between tanks than the desired schedule. When the valve
senses this difference, it passes 11 psi air pressure to the
modulator valve to close it, allowing only main tank fuel
to be used. This continues until the desired head dif-
ferential is exceeded in the opposite direction. The
valve then opens and aft tank fuel again flows into the
main tank. The transfer rate from fin, wing and drop
tanks is 50 gpm maximum. At engine demand flow rates
below this amount, the excess transfer low will tend to
fill the main tank, but overfilling is prevented by action
of the pilot valve which closes the modulating valve. At
engine demand flow rates above 50 gpm, main tank fuel
is used to supplement the transfer fuel. As this process
continues, the head control valve detects an unbalance
between main and aft tanks and permirts aft tank fuel to
transfer until balance is restored.

FUEL HEAD PROPORTIONING CONTROL SYSTEM.'

The fuel head proportioning control system, figure 1-8,
consists of a two phase fuel head control valve and
sensing lines which maintain a varying, predetermined
head difference berween the main and fin tanks in the
first phase and the main and aft tanks in the second
phase, to keep the airplane fuel balance within close
limits. The valve receives regulated engine bleed air
at 15 psi and directs it through a valve control line to
open or close the pressure fueling shut-off and flow
modulating valve in the main tank, The fuel head con-
trol valve senses the air and head pressures of each tank
and is set to maintain a predetermined varying dif-
ferential between the main and fin tanks in the first
phase and the main and aft tanks in the second phase.
As pressures deviate from the established differential,
the valve admits or excludes the airflow to close or open
the modulating valve, thereby excluding or admitting
fin or aft tank fuel. As fin or aft tank fuel is permitted
to low into the main tank, the gradual loss of fuel head
creates a greater head difference between the tanks than
the desired schedule. When the valve senses this dif-
ference, it passes 15 psi air pressure to the modulator
valve to close it, allowing only main tank fuel to be

TAirplanes BuNo, 138610a through 1386272 and 138629b through 138645b.

“Airplancs BulNo. 138628a and 141728¢ and subsequent,

TAirplanes BulNo. 138610a through 1386272 and 138629b through 138645h.

‘Airplanes BuNo, 1385282 and 141728¢ and subsequent.
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AIRPLANE FUEL SYSTEM

Airplanes BuNo. 138610a through
1386270 ond 138629b through 138645h
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OFF TO ENGINE See Low Fuel Pressure Warning Light paragraph

FUEL IMNLET for boost pump checking procedures.

Figure 1-8. Fuel System—Schematic (Sheet 1)

23



Section | NAVWEPS 01-B5FGG-501

Airplanes BuNo. 138610a through 138627a
TRANSFER w= and 138629 through 138645b
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Figure 1-8. Fuel System—Schematic (Sheet 2)
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Section |

FUEL TRANSFER == Airplanes BuNo. 138628a, 141728¢ and Subsequent
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Figure 1-8. Fuel System—Schematic (Sheet 3)
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FUEL HEAD PROPORTIONING CONTROL SYSTEM

Airplanes BuNo. 138610a through 138627a and 138629b through 138645b
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Figure 1-8. Fuel System—Schematic (Sheet 4)

used. This continues until the desired head differential
15 exceeded in the opposite direction. The valve then
opens and fin or aft tank fuel again flows into the main
tank. When the fin tank is empty, the first phase of the
fuel head proportioning control system is complete and
the second phase is automatically entered. The trans.
fer rate from the "-"-'inH and |.|rul'! tanks is 50 gpm. Haow-
ever, if ur_-ngim'; demand How rates are below this amount,
the modulating valve, whose opening and closing 15
o erned I"l:l.' the fuel heads in the main and afr tanks,
will prevent overfilling of the main tank as soon as main
tank fuel head 15 greater than called for in the head con-
trol schedule. Overfilling 15 also prevented by the ac-
tion of the pilot valve, which closes the modulating
valve when the main tank is full. If engine demand
flow rates are above 50 gpm, main tank fuel 15 used to
supplement the transfer of fuel. As this process con-
tinues, the head contrel valve detects an unbalance
berween the main and aft and fin tanks and permits fin

tank fuel or aft tank fuel transfer until balance 15 re-
stored.

AUTOMATIC OPERATION OF FUEL SYSTEM.

With the fuel tank pressure switch ON, the pressurizing
and vent system maintains proper pressures in the wing,
fin, aft, main and drop tanks, 1f installed. On some anr-
I'n-'|,1r1|:---il|1 -|:]|.J:ri|:'|_g'_:;I fin tank cransfer, wing fuel 1s automatic-
ally withheld I.'I':'r' a1 fAoatr switch which closes the “‘ing
shut-off valves until the fin tank is empty. On other
airplanes,” wing fuel is automatically witheld by the fuel
head proportioning control untl approximately 500
pounds of fuel have been used from the main tank.

The wing fuel lines are tee connected into the aft tank
transfer line downstream of the dual diaphragm afr
tank shut-off valve. This valve 1s normally open to per-
mit aft-to-main tank fow, but this flow is prevented
during wing transfer by the higher pressure of wing
fuel on the downstream side of the valve,

1_'|._|E||1L|.1'|_|'_-5 BulMsion ARG 100 ll:u‘n:_lgh 1386270 and 13RG209b [hruugh | 3K 5h,

Airplanes BulNo. 1386282 and 1417 28¢ and subsequent
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Section |

FUEL HEAD PROPORTIONING CONTROL SYSTEM

Airplanes BuNo. 138628a, 141728c and Subsequent
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Figure 1-8. Fuel System—Schematic (Sheet 5)

I CAUTION ‘

When decelerating or during let-down, transfer
of fuel from the wing tanks is not possible
due to the forward motion of the fuel. In addi.
tion, the wing fuel indicator will give an erron.
Ciis H'.'.'lr.h'ng of empry rather than a "bharber
IH!II.'I- indication when the 'u.'illi.: tanks are stll
half full. Thus, wing fuel quantity indications
should be checked onlv when the airplane is in
a chmb or cruse [HIII’.:"“IHII in order to obtan
vl n:.uiiu;n-

When wing fuel 1s exhausted, the wing fuel shut-ofl
vialves close and allow aft tank fuel to transfer since

the pressure on the downstream side of the aft tank
vitlve is reduced.  This reduction in pressure also occurs
if wing fuel is withheld or if the engine demand rate
during wing fuel tramsfer exceeds 50 gpm.  When afr
tank fuel is exhausted, a Avar in the valve permits the
aft tank pressure (o hy-pass the di.lphﬂlgfﬂ and exert
pressure on the downstream side.  This closes the valve

andl [rrevents aft tank ar from entering the man tank,

MANUAL EMERGENCY OPERATION.

The fuel quantity indiciating system gives an indication
on the fuel balance indicator when automatic transfer
control has Faled and also shows which tank 15 heavier
and must be selected to maintain cg position,  The fuel
{ll_l;.m!il:l.' check switch should be j'l-Lu'l.'l:I in the MAIN
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TK. ONLY position to cross-check the fuel balance
indicator. A fuel tank emergency selector switch permirts
the pilot to manually select either the main or aft tank.
With this system in npura[inn, fuel transfer must be
constantly monitored by the pilot. When the fuel
tank emergency selector switch is set to MAIN TK.
ONLY, aft tank fuel is shut off. When this switch is
set to AFT TK. ONLY, the main tank crossover valve
is opened and the main tank-to-engine diaphragm shut-
off valve 15 closed. Thas permits aft tank fuel flow
through the crossover and into the engine feed line and
shuts off main tank fuel. The manual controls must be
used if failure occurs in any component of the head
sensing system or the tanks pressurizing system. Regard-
less of the position of the fuel tank emergency selector
switch, an automatic function is provided to allow fuel
to flow from the main tank to the engine when the fuel
level in the aft tank reaches five gallons or during in-
verted flight.

WARNING

If pressure has failed in aft tank, this tank
should not be selected above 15000 feet altitude
or fuel pump cavitation may result, with subse-
quent engine flame-out.

AIRPLANE FUEL SYSTEM CONTROLS.
WING FUEL TRANSFER SWITCH,!

The wing fuel transfer switch has three positions:
EMER. WING TRANS., FIN & WING TRANS. and

WING HOLD. This switch (15, figure 1-4) is mounted
on the fuel control panel on the left console. In WING
HOLD position, the wing tank shut-off valves are closed
and wing fuel is withheld. In FIN & WING TRANS,.
(which is the normal position), all fin tank fuel 15
transferred first, followed by wing tank transfer. If
wing tanks fail to transfer with .the switch in the FIN &
WING TRANS. position, use the EMER. WING
TRANS. position, but only after the fin tank 15 empty.

WING FUEL TRANSFER SWITCH.:

The wing fuel transfer switch has two positions: NOR-
MAL and HOLD. This switch (16, figure 1-4A) is
mounted on the fuel control panel on the left console.
In the HOLD position, the wing tank shut-oftf valves are
closed in the transfer direction and wing fuel is with-
held. In the NORMAL position, transfer of wing tank
fuel begins after approximately 500 pounds of fuel have
been used from the main tank.

FUEL TANK PRESSURE SWITCH.

A three position fuel tank pressure switch (16, figure
1-4; or 17, Aigure 1-4A) is mounted on the fuel control

NAVWEPS 01-85FGG-501

panel on the left console. This switch provides ON and
OFF control of tank pressure and a third position, FLT.
FUEL READY. For normal fuel transfer, the tank
pressure switch must be in the ON position. The OFF
position closes off air supply to the tanks and energizes
solenoids in the relief valves to dump tank pressure.
The FLT. FUEL READY position dumps tank pres.
sure in the same way as the -OFF position but, in ad-
dition, opens the wing and aft tanks fuel shut-oft valves
to receive fuel in flight. On later airplanes® the FLT.
FUEL READY position also energizes the in-flight re-
fueling cobra boom actuator that extends the boom to
the refueling position.

Note

With the tank pressure switch set to OFF while
on the ground, all fuel for engine operation
Alows from the main tank only. If such opera-
tion is prolonged, an unfavorable fuel balance
condition may be reached, which will be shown
on the fuel balance indicator. Corrective ac-
tion consists of selecting aft tank only until
balance is restored. This also serves as a pre-
flight check of the tank emergency selection

sysiem.

The fuel tank pressure switch should be in the
OFF positon for all carrier take-offs. For
carrier landings, including touch and go, the
switch should be in the ON position subject to
the weight limitations given in Section V.
For field take-offs and landings, the switch
should be in the ON position. In the event
of a crash landing, the fuel tank pressure
switch should be placed in the OFF position
just before landing.

FUEL TANK EMERGENCY SELECTOR SWITCH.

The three position fuel tank emergency selector switch
(14, figure 1-4; or 15, figure 1-4A) is mounted on the
fuel control panel on the left console. In NOR. or
NORM.? position, fuel transfer is autonatic, controlled
by the head proportioning system. In MAIN TK.
ONLY* or FWD. TANK ONLY' position, aft tank
fuel is shut off and only main tank fuel is supplied to
the engine. In AFT TK. ONLY" or AFT TANK
ONLY"' position, the main tank fuel is shur off and

aft tank fuel can go directly to the engine as well as to
the main tank.

TAirplanes BulNo. 138610a through 138627a and 138629b through 138645b.

“Airplanes BulNo. 138628a and 141728¢ and subsequent.

dAIrplanes BulNo. 138610a through 138627a and 138629b through 13864 5b,

‘Airplanes BulNo. 13862Ba, 141728¢ and subsequent.
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WING FUEL DUMP SWITCH.

The two position wing fuel dump switch (18, figure
1-4; or 20, figure 1-4A) is mounted on the fuel control
panel on the left console, In DUMP position, the wing
tank pressure regulators are closed and the dump valves
are opened to dump fuel or purge the tanks. In NOR.'
or NORM.?* position, the dump valves are closed and
the wing tank pressure regulators function to permit
normal pressurizing of tanks for fuel transfer.

AIRPLANE FUEL SYSTEM INDICATORS.

FUEL QUANTITY INDICATOR.

The fuel quantity indicator (32, figure 1-5; or 19, hgure
1-5A) is located on the instrument panel. The dial
markings times 100 show the total weight of fuel con-
tained in the aft and main fuselage tanks. The fuel
quantity indicator system is powered by ac from the
instrument a-c bus, which is energized by either the
No. 1 or No. 2 inverter, The a-c circuit is protected by
a one ampere circuit breaker in the circuit breaker panel
on the left side of the cockpit. D-c power from the
primary bus is also utilized to operate the system. The
d-¢ circuit is protected by the fuel gage d-c circuit breaker
in the upper circuit breaker panel on the right side of
the cockpit. The system is operated by electric capac-
itance units in each of the fuselage tanks.

MNote
Fuel varies in weight per gallon, depending
upon its specific gravity and temperature. There-
fore, the notation "full” does not appear on the
indicator dial and the pilot should anticipate
variations in the instrument readings when the
fuel tanks are full.

FUEL BALANCE INDICATOR.

The fuel balance indicator (34, figure 1-5; or 20, figure
1-5A), mounted on the instrument panel, indicates the
balance between the fuel quantities in the main and aft
tanks to guide the pilot in maintaining airplane cg travel
within its forward and aft limits. The indicator dial is
marked with an arc which is divided into three segments.
The bottom segment is marked SELECT MAIN TANK,
the center segment denotes the normal fuel balance and
the top segment is marked SELECT AFT TANK. As
long as the automatic fuel transfer system is operating
normally the indicator pointer will remain within the
center (normal fuel balance) segment. If the automatic
fuel transfer system fails, the pointer will indicate which
tank should be selected on the fuel tank emergency
selector switch to regain proper fuel balance. If it
is necessary to use the emergency fuel transfer switch,
constant monitoring of the fuel balance indicator will
be necessary., This indicator operates from signals de-
rived from the fuel quantity indicator system.

Section |

If the indicator puintﬂr 15 out of the center
(normal) segment only slightly, no immediate
corrective action is necessary.

FUEL INDICATORS TEST SWITCH.

A push button switch (21, fgure 1-5; 24, hgure 1-5A)
is located on the repeater oxygen blinker panel for
checking the operation of the fuel quantty indicating
system, With electric power turned on, pushing the
switch in causes the pointer on the fuel quantity indica-

tor and the fuel balance indicator to move downscale,
If the system 1s operating properly, the pointers will re-

turn to their original positions when the switch 1s
released.

FUEL QUANTITY CHECK 5SWITCH.

A fuel quantity check switch (17, figure 1-5; or 34,
figure 1-5A) is located on the instrument panel. This
is a two position switch placarded NORM. and MAIN
TK. ONLY! or MAIN T. ONLY.? When in the NORM,
position, the fuel quantty indicator shows the total
weight of fuel contained in aft and main fuselage tanks
and the fuel balance indicator shows airplane condition
as affected by fuselage fuel distribution. When in the
MAIN TK. ONLY position, the fuel quantity indicator
shows the amount of fuel in the main tank only and
the fuel balance indicator will not give balance and
must be disregarded by the pilot.

LOW PRESSURE FUEL PUMP WARNING LIGHT.

See Engine Fuel System Indicators paragraph, this
section.

FUEL TANKS PRESSURE INDICATORS.

Separate pressure indicators are provided for the wing
and aft tanks. Both are barber pole type indicators and
are located on the main instrument panel. The wing
tank pressure indicator (39, figure 1-5; or 40, hgure
1-5A) serves for both right and left tanks since the wing
tanks have a common pressure supply source. This
indicator reads ON when wing tank pressures are
normal and OFF when wing tank pressures are below
normal. The aft tank pressure indicator (40, figure
1-5; or 42, figure 1-5A) reads ON when aft tank pressure
s normal and OFF when aft tank pressure is below
normal. Both indicators show diagonal stripes when
electrical power is off.

WING FUEL INDICATOR.

This is a barber pole type indicator (37, figure 1-5; or
39, figure 1-5A) on the main instrument panel. It
indicates FULL when both wing tanks are full, "'red and
yellow diagonal stripes” when either tank is less than
full, and EMPTY when both tanks are empty.

L Airplanes BulNo, 138610a through 138627a and 138629b through 138645bh.

2 Airplanes BuNo. 138628a, 141728¢ and subsequent.
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FIN FUEL INDICATOR.

This 1s a barber pole type indicator (35, figure 1-5; or
36, figure 1-5SA) on the main instrument panel. [
indicates FULL when the fin tank is full, "barber pole”
when the tank 1s less than full, and EMPTY when the
rank i1s empuy.

LOW LEVEL FUEL WARNING LIGHT.

A low level fuel warning light (5, figure 1-5; or 48,
hgure 1-5A) is mounted on the instrument panel. The
light illuminates the words LOW FUEL when the weight
of fuel in the main tank is 800 ( = 100) pounds.

IN-FLIGHT REFUELING SYSTEM.

Starung at the nozzle assembly located in the air-
plane nose, a two inch aluminum alloy line runs aft,
enters the upper main fuel cell and connects to a port
in the modulating valve. A check valve in the latter
prevents reverse flow of fuel into the in-flight refueling
line. A restrictor plate is fitted to the aft side of the
check valve. This restrictor, in combination with the
restrictor check in the self-sealing disconnect and re-
strictor valve assembly, serves to proportion the re-
fueling flow between main and aft tanks so that the fuel
cg travel 1s kept to a minimum. Restrictors will also be
installed in the wing fuel lines when drop tanks are n-
stalled. Fuel shut-off at each tank is controlled by the
same valves and switches used for ground refueling. To
begin in-flight refueling, the pilot needs only to place
the fuel tank pressure switch in the FLT. FUEL READY
position. This switch must be returned to the ON
position when refueling is completed. See FUEL TANK
PRESSURE SWITCH in this secnion. On  later air-
planes,! a cobra boom (figure 1-8A) extends from the
right side of the fuselage forward of the cockpit when
the fuel tank pressure switch is set in the FLT. FUEL
READY position. After refueling through the boom,
and only after the drogue is disengaged, the switch
must be returned to the ON position. When this is
done, the boom will retract into the fuselage. See
In-flight Refueling paragraph, Secuon VIL

WARNING

If switch is placed in ON position while drogue
1s still engaged, the boom will retract with
the drogue and cause extensive damage.

Mote
During in-fhight refueling, the pilot may de-
termine the quantity of fuel taken aboard by
communicating with the fueling airplane as
well as from the fuel quantity, wing fuel and
fin fuel indicators in the cockpit. (Add fuel
taken aboard to quantity indicated prior to

fueling.)

"Arrplanes BuNo, 1417280 and subsequent
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COBRA BOOM

Figure 1-BA. In-flight Refueling Cobra Boom

ELECTRICAL SYSTEMS.

The elecerical systems are composed of a 28 volt, direct-
current system (fgure 1-9); a 24 volt, 24 ampere-hour
storage battery system; and a three phase, 400 cvele, 115
volt alternating-current system (figure 1-10). An ex-
ternal power receptacle is installed on the left side of
the airplane above the wheel well to permit connection
of an external d-¢ power source. The systems are
conventional and utilize the airplane as a ground return.

DIRECT-CURRENT SYSTEM.

The primary source of d-¢ power is the engine driven
generator and, during normal operation, the generator
output, regulated to 27.7 (:20.2 volts), supplies current
to all distribution buses (primary, secondary, monitored
and battery bus groups). Circuit breakers are installed
above the right console (see figure 1-9) for overload
protection of circuits important to flight. Other ar-
cuits have circuit breakers located in the electrnical box
on the left side of the nose wheel well and, therefore,
are not accessible in flight. Two circuits are connected
directly to the battery whenever the d-c power switch
is not set to OFF. If the generator should fail in
flight (indicated by warning hght), the battery will
automatically power the primary bus in addition to the
circuits directly connected to the battery bus. However,
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D-C ELECTRICAL POWER DISTRIBUTION

Section |
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A-C ELECTRICAL POWER
DISTRIBUTION
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Figure 1-10. A-C Electrical Power Supply System—Schematic
32



NAVWEPS 01-B5FGG-501

when the landing gear control lever is set to DOWN,
the secondary buses are also powered by the bartery.
Operation by battery power only also may be manually
selected by setting the d-c power switch to BAT. ONLY,
thus energizing the primary and secondary buses re-
gardless of the position of the landing gear control
lever. When external power is connected, all of the
buses will be energized if the d-c power switch is in any
position other than OFF. When the switch 1s in OFF
position, the battery and battery bus will not be con-
nected to the external power.

D-C POWER SWITCH.

This three position switch (2, figure 1-6) is located on
the electrical master panel on the right console. In
BAT. & GEN. position, generator power supplies all
d-c powered systems through their respective buses. If
a failure of generator power output should occur while
the switch is in this position, the reverse current relay
will sense it and cause the battery to assume the loads
of the primary bus circuits and, if the landirg grar
control lever is in DOWN position, the secondary buses
also. In OFF position, only the circuits directly con-
nected to the battery receive power. In BAT. ONLY
position, the battery powers the primary and secondary
and battery buses. Normally, to prevent overcharging
and excessive gassing of the battery, this switch should
be in the OFF position when external power is con-
nected and it 1s not desired to operate the system con-
nected to the battery and battery bus.

VOLTMETER.
A voltmeter (10 or 24, figure 1-6) is located on the

prneamatic panel on the right console. It provides a
direct reading of the primary voltage,

GENERATOR WARNING LIGHT.

The generator warning light (1, figure 1-6) 1s located
on the electrical master panel beneath a rectangular
plastic panel. The light glows whenever the generator
15 not connected to the airplane’s buses. The light
tlluminates the words NO GEN OUTPUT on the plastic
panel.

ALTERNATING-CURRENT SYSTEM.

The alternating current system incorporates a No. 1
and No. 2 inverter, both operating continuously, The
No. 1 inverter has a rated 1500 va, 400 cycle, 3 phase
output; while the No. 2 inverter is rated at 250 va, 400
cycle, 3 phase output. The system includes two groups

of buses, the phase A and phase C main a-c buses and
the phase A and phase C instruments a-c buses. See
figure 1-10 for a tabulation of the circuits and the
respective buses from which they derive a-c power.

OPERATION.

During normal operation, the No. 1 inverter receives
power from the forward primary d-c bus through a
100 ampere fuse and is placed in operation by current
from the monitored bus through the No. 1 inverter
control circuit breaker. The inverter output is supplied
directly to the main a-c buses and, by use of a control
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switch and relay, to the instruments a-c buses. The
No. 2 inverter 1s powered by d-c from the primary bus
through the No. 2 inverter circuit breaker, Normally,
the output of this inverter is available only to the MK 16
Mod 5 aircraft fire control system computing circuits.
If the output of the No. 1 inverter fails to reach the
instrument a-c buses (as indicated by the instrument
power warning light), the control switch may be
used to divert the output of the No. 2 inverter to the
instrument a-c buses During this emergency changeover
operation, the aircraft fire control system and the circuits
supplied by the main a-c buses will be inoperative. The
No. 1 inverter remains on the main a-c buses, but since
the inverter may have failed, the main a-c buses may not
be powered. Should the No. 2 inverter fail during
the emergency operation, the instrument power warning
light will go on to indicate the lack of power.

INSTRUMENT POWER SWITCH.

This two position switch (22, figure 1-6) s located on
the electrical master panel. When in NORMAL posi-
tion, the No. 1 inverter supplies all a-c pOWer require-
ments for all systems except the MK 16 Mod 5 AFCS
computer circuit, which is supplied by the No., 2 in-
verter, In the EMERG, position, the output of the No.
2 inverter powers the circuits on the instrument a-c
buses and the MK 16 Mod 5 AFCS is rendered inopera-

tive. The main a-c buses remain connected to the No.
| Inverter.

INSTRUMENT POWER WARNING LIGHT.

The warning light (23, figure 1-6) is located on the
electrical master panel and will glow to indicate failure
of a-c power to reach the a-c instrument buses. The
light illuminates the words NO INST. POWER.

HYDRAULIC POWER SUPPLY
SYSTEMS.

NORMAL POWER SUPPLY SYSTEMS.

Two separate and distinctly independent hydraulic power
supply systems are provided. The flight system (figure
1-11), supplies power for operation of only the units
essential to flight (rudder, stabilizer, and faperons)
while the combined system (figure 1-11), supplies
power for operation of the rudder, stabilizer, and
flaperons simultaneously with the flight system and, in
addition, supplies the speed brakes, flaps and slats,
nose wheel steering, elevator shift, wheel brakes, land-
ing gear, arresting hook and tail skid, An isolation
valve, controlled by the pilot, installed in the combined
system serves to cut off pressure to the flaps and slats,
nose wheel steering, elevator shift, wheel brakes and
landing gear.

Note
The isolaton valve does not cut off power to
the arresting hook, tail skid, speed brakes, or
the flight controls.

Power for each system is supplied by a separate engine
driven, variable-volume pump.
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Figure 1-11. Hydraulic Power Supply System—Schematic (Sheet 1)
34



NAVWEPS 01-85FGG-501 Section |

ISOLATION VALVE
CONTROL HANDLE

LYoo Male _115
I__h,;._] o | FLAPS, SLATS, and ELEVATOR SHIFT
I__Jﬂl”ﬁ g
r'"‘\/
B ELEVATOR
FLAP SLAT SHIFT
‘ ' % CYLINDER CYLINDER CYLINDER
SOLATION - =
" VALVE — @ =g 1 [
SHUT-OFF & ﬁ % | 2 \ % H"-.
VALVE [ & [ 3 \
AIR FILLER l - N ! B % EL?::!:-% - iq e
VALVE  accumulator \ \J; B @ ﬁ &
.Fl' 14 1;:
l‘ | T r"J ] %.*-H-:-'.-?':::r'.«r-:-:-:-:-:-:ﬁs-::'-1-53;::-:-:-:-:-:-:-:-:q-.-,-;-.

WING FLAP cﬂ-HTEﬂllli

PRESSURE REDUCING
AMD RELIEF VALVE

i FORWARD

BRAKES

Qv Prrumdaiig
FFFFFFFFE ayideEm

E -‘..::-:-.:-:-:-:r:i:'_.:ul' ! A Brokiss Lnll;-r-;_]i-n.--_.-l
POWER ASSIST

BRAKE VALVE u
) %
i .-l‘.'l:l‘a"l-f'-:'l-\.'l-\."l-:i-\'.'l-'-‘-1-1-';-‘.‘-1-:-:-:-‘.'-.'-.'-'-.'-'-'-'-'-"-'-'-'-'-'-'a'|'|'|.'|'|-'|'..'..'..".".r.'."-.'.'.'.'.'.'.':"'.".':':':":'.";I-Ci.'l-.'l}.'.‘-."l::‘;
NOSE WHEEL %
GROLIND RESET STEERING SWITCH / :
PRESSURE OPERATED -y ﬂ \. &
DUMP VALVE i L HH 3 :
i ] ._. .I"I.';'I ."'l. i . -!
R LANDING GEAR roRwARD 1 St o
= D D DD DD i, W0
= ::_;._ et > Prcumai l.?l. ‘g 3
" o £ |
= .1.,._.__1.__- Syslerm AAIN GEAR & = = L
THERMAL E - Uein Genr c'ﬂﬁm % 2 Wl %4 STEER
RELIEF Mgy o % " % DAMPER
VALVE = 7 5 |
f& . : e
o e : ' &
—- = P i MOSE
% i SHUTTLE % GEAR
b (Mg Caos VALVE & CYLINDER
% Emergency!
]
R — 2}
MAIN GEAR
CYLINDER L ;
4
SHUTTLE B
UA!'UE 'f'l-r"l." Pysemcai v
P '_':.'|,'-,!'|lr||
Peoaes Leesad Fr EEf gy
LANDING GEAR COMTROL HANDLE
(ode
B PRESSURIZED AIR PrZez¥d EMERGENCY AIR %fe
— T "
UMP SUCTION whnoones  RETURN SEE FLIGHT HYDRAULIC SYSTEM
B pressuRE -==== MECHANICAL ACTUATION FCHEMATIC FOR ISOLATION VALV
LOCK CYLINDER
STATIC ———— ELECTRICAL ACTUATION
® SHECTOR VALVE —=| CHECK VALVE

Figure 1-11. Hydraulic Power Supply System—Schematic (Sheet 2)

35



Section | NAVW

FLIGHT

HYDRAUL

EPS 01-B5FGG-501

IC SYSTEM

FILTER
ENGIME :
DUAL AIR @ =
PRESSURE
GAGE

RAM AIR TURBIMNE
COMNTROL HAMDLE

o r 9 1SOLATION VALVE
i B2 LOCK CYLINDER

i

SCHEMATIC

RESERVOIR

. ? 1 SEE COMBINED HYDRAULIC SYSTEM
e o] SCHEMATIC FOR ISOLATION VALVE
o :] 'ﬁ Rﬂﬁ:;&ﬁ"” 22 COMTROL HANDLE
e 2 e PLIMP
e < | . i
rest [l ) | & %
# ISOLATION VALVE %EHHED._-WE, H-*_I S| & B
CONTROL HANDLE FILTER k2
o Mote = K
: | =
% FILTER 3
E-E LIEF II- ] ﬂ | I.I. 3 ..I -|'|§
VALVE e R
; — GROUND TEST EMGIME DRIVEM
= COMMECTION VARLABLE
" ACCUMULATOR VOLUME FUMP
[
Ir________________i
: COMBINED
E_ﬁﬁrﬂ HYDRAULIC ||
u.i_"f SYSTEM I
DUAL - e
CONTROL =
VALVE
FLAPERON FLﬁ.FEHnﬂH
= (T s cruNpR
= I | e
.
ffh, | _“_C_CJ'EHHED”I |
A i
@\ £ ) ) HYDRAULIC
RGHT & &) T4 cystem | |
LEFT : ._.._.,..1-.....__.I I
DUAL e
:3-::::?1 —  RUDDER
ACTUATOR
RUDDER ke
(Tt ——
'r"_____...--"""’-"
/ j’ AFT m
y Ao — - |
f ;i e COMBINED
FORWARD N7 f;'_.f? =t }: HYDRAULIC |
- P
e DUAL -
CONTROL /
VALVE l
STABILIZER e
 — ’Kl.u.*-'-:l'- R -f,.-" i
o T STABILIZER
.\' ACTUATOR
ol

FORWARD

@odﬂ
I PRESSURIZED AIR

VAl EMERGENCY PUMP PRESSURE
[ ] PUMP SUCTION

mmp| CHECK VALVE

B PRESSURE
STATIC

sees RETURM
— — — MECHAMNICAL ACTUATION

Figure 1-11. Hydrauvlic Power Supply System—5chematic (Sheet 3)

36



NAVWEPS 01-85FGG-501

The flight system is also provided with a ram air emer-
gency hydraulic power supply (air turbine driven hy-
draulic pump), for use if both the combined and
flight systems fail. If the engine fails, but both normal
systems are intact, and the engine is windmilling at a
rate sufficient to permit the developed hydraulic pump
pressure (as indicated by the flight system hydraulic
pressure gage) and flow to operate the control surfaces,
use of the ram air power supply is not required. How-
ever, if either the flight hydraulic system or the combined
hydraulic system fails, the ram air turbine should be
extended for the approach configuration of the airplane.
Extension prior to the approach will be at the discretion
of the pilot.

The rudder, stabilizer, and flaperon actuators are dual
type cylinders. They are controlled by valves installed
directly on the actuators and mechanically connected to
the pilot's controls. Each valve controls the cylinder
section of the dual type actuator on which it is installed.
See figure 1-16 for hydraulic fluid specifications and
figure 1-11, for a schematic diagram of the systems.

NORMAL CONTROLS AND INDICATORS.

HYDRAULIC SYSTEM ISOLATION CONTROL
LEVER.

This control lever (9, figure 1-6), is located outboard of
the right console. The lever is moved inboard to re-
lease, then forward to FLIGHT or aft to TAKE-OFF
LANDING. In FLIGHT position, only the rudder,
stabilizer, flaperons, speed brakes, arresting hook and
tail skid are hydraulically operable. In the TAKE-OFF
LANDING position, all units are operable. A spring
loaded lock cylinder, operated by pressure from the
flight system, prevents return of the isolaton system

lever to TAKE-OFF LANDING if the flight system
pressure drops below operable pressure (400 to 800 pst).

Mote

The actuators essential to flight (rudder, stabi-
lizer and flaperon) are powered simultaneously
by both of the hydraulic systems regardless of
the position of the isolation system lever.

HYDRAULIC PRESSURE GAGES.

On some airplanes,’ separate flight and combined system
hydraulic pressure gages (30 and 25, figure 1-5) are
installed on the instrument panel. The dials show
hydraulic system pressure in psi and are numbered from
0 to 5000. The normal reading should be 3000 psi.
Pressure indication may momentarily drop when a system
or systems are being operated. On later airplanes,” a
dual pressure gage (32, figure 1-5A) is provided on the
instrument panel, This dual pressure gage does not
show hydraulic system pressures in psi but has two arcs
(one for the combined system and one for the fight sys-
tem) which are each divided into three segments. The
upper segments indicate normal pressures, the center

1 Airplanes BulNo. 138610a through 138645b,
2 Airplanes BulNo. 141728¢ and subsequent.
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segments indhicate safe pressures and the lower segments
indicate unsafe pressures,

Mote

When in operation, the pressure developed by
the ram air power supply will be indicated on
the flight system gage.

RAM AIR (EMERGENCY) POWER SUPPLY SYSTEM.

A ram air powered hydraulic system supply is provided
to furnish hydraulic pressure to the units essential to
flight (flaperons, stabilizer and rudder actuators) when
the engine driven pumps are inoperative. The system
consists primarily of an air turbine driven hydraulic
pump installed on the inner side of a door which opens
into the airstream. The door is located on the underside
of the fuselage aft of the forward speed brake and is
hinged on the right side. When the latch on the left
side is released, the door drops open and exposes the
air turbine to ram air, which drives the turbine and, in
turn, the hydraulic pump. Fluid for this system is
supplied from the flight system reservoir. Pressure is
indicated on the flight system gage and will be approx-
imately 2900 psi at 200 knots IAS, approximately 1000
psi at 120 knots IAS and approximately 500 psi at 100
knots IAS. As airspeed decreases, the hydraulic pressure
required for control surface movement also decreases.

Mote

If no combined system hydraulic pressure ex-
ists, the forward speed brake retracts automati-
call}r h}’ means of a retraction spring and impact
air pressure, and the aft brakes trail when the
ram air turbine is extended. Therefore, the
forward speed brake will not interfere with air
turbine operation. An electrical interlock on
the turbine deoor automatically selects speed
brakes up when the turbine is extended to as-
sist retraction should any pressure be available.

The air turbine should be extended nnl}r under one
of the following conditions:

a. Engine seizure.

b. If either the power control hydraulic system or
the combined hydraulic system fails, the ram air tur-
bine should be extended for the approach configuration
of the airplane, Extension prior to the approach will
be at the discretion of the pilot.

FEMERGENCY HYDRAULIC TURBINE CONTROL
HANDLE.

The emergency hydraulic turbine control handle (6,
figure 1-4; or 6, figure 1-4A) is located on the outhoard
side of the left console and 1s PULLED INBOARD,
THEN UP, to release the air turbine door.

When the handle extends to the detent, the turbine will
extend and lock. When the handle is pulled, 1t re-
leases the latch, allowing the door with its attached
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air turbine and hydraulic pump to fall open by spring
and gravity. When the door reaches full out, an auto-
matic lock secures 1t.

MNote

The air turbine cannot be retracted by the pilot
while 1n ﬂight but must be stowed h}' gn::-und
personnel.

PNEUMATIC POWER SUPPLY
SYSTEM.

This system (figure 1-12) provides compressed air for
in-flight charging of the pneumatic system air bottles
used for normal operation of the canopy, gun feeders,
gun charging and gun compartment ventilation doors,
and for emergency operation of the wheel brakes, land-
ing gear and canopy jettisoning. These systems are
equipped with air storage bottles and control valves.
The pneumatic power supply system consists primarily
of a d-¢c motor driven air compressor which main-
tains a charge of air in the various systems air
storage bottles. The compressor is supplied inlet air
from an engine air bleed line. A pressure switch re-
sponds to the same pressure as the pneumatic pressure
gage (12, figure 1-6) which is located on the right
conscle, The gage will only indicate the pressure in the
system bottle which has the least pressure. The pressure
switch controls the starting and stopping of the com-
pressor motor at the following pressures:

Cut-out Pressures (pressure switch stops compressor) —
Minimum—2900 psi
Maximum—3100 psi

Cut-in Pressures (pressure switch starts compressor)—
Minimum—2600 psi
Maximum—200 psi below cut-out pressure. (This
means that wherever in the tolerance range the cut-
out point occurs, the pressure must drop at least 200
psi below that point before the compressor cuts in.)

An external connection in the left wheel well provides
for ground charging of the systems air storage bottles
prior to flight to enable immediate use of the various
systems. Electrical power for the compressor motor is
supplied from the primary d-c bus through a 80 ampere
fuse in the wheel well junction box. This electrical
power 15 directed through a relay. The relay control
circuit is supplied from the monitored d-¢ bus, which
is powered only when the generator is operative. There-
fore, the compressor will not operate when the airplane
is on battery power alone. The relay control circuit is
also protected by a circuit breaker.

CANOPY PNEUMATIC SYSTEM.

The canopy is operated by a cylinder which is actuated
by pressure from the pneumatic system. Air pressure for
normal operation is stored in a 50 cubic inch bottle, main-
tained in readiness by the pneumatic power supply sys-
stem. The air pressure supply for emergency operation
is derived from either the 30 cubic inch emergency wheel
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brake bottle or the normal canopy bottle, whichever has
the higher pressure and is routed through the emergency
control valve to by-pass the normal pressure reducer
valve and normal selector valve,

FLIGHT CONTROL SYSTEM.

The flight control surfaces consist of flaperons and slats
on the wings, a movable stabilizer-elevator and a rudder.
The flaperons, stabilizer-elevator and rudder are oper-
ated hydraulically by a conventional control stick and
rudder pedal installation. Normally, these three sur-
faces are powered by the combined and flight hydraulic
systems, but in case of engine failure and if the wind.
miIIing engine does not pmduce sufficient pressure, they
may be powered by the ram air turbine in the fight sys-
tem. Artificial feel and electrically operated trim are in-
cluded in these control systems. The remainder of the
surfaces, (faps, slats, speed brakes) are hydraulically
powered by the combined hydraulic system. Additional
directional stability is provided by a directional stability
control system.

LATERAL CONTROL SYSTEM (FLAPERONS).

The lateral control system (figure 1-13) consists of a
movable flaperon on each wing, an electrical trim sys-
tem and an artificial feel system.

Lateral movement of the control stick directs hydraulic
pressure from the combined and flight hydraulic power
systems to raise and lower the flaperons through an arc
of 0-55 degrees with the flaps up and 6-55 degrees with
the flaps down.

To prevent excessive blow-back at high dynamic pres-
sures, a biasing cylinder, working in conjunction with
and fed by pressure from the main actuator, is installed
to add additional flaperon hinge moment.

Mote

Each flaperon is raised to approximately 6
degrees up neutral position when the flaps are
lowered. This 6 degree pop-up is accomplished
in the first 7 degrees of the flap extension,

Contoured stick stops in the lateral control system pro-
hibit excessive lateral stick motion at large forward
stick displacements; a combination that could produce
excessive sideslip angle build-up in high-rate rolls as a
result of inertial cross-coupling. These steps can be
readily felt on the ground—with the stick fully displaced
laterally, it will be forced inboard by the stops as it
is moved forward. Under normal flight conditions,
the stops are never encountered.

The contoured stop installation precludes roll diver-
gence under all subsonic flight conditions. At super-
sonic speeds, intentional forward stick motion is pro-
hibited in abrupt, large displacement rolls pending fur-
ther flight investigation. See Maneuvers paragraph,
Section V.,

Normally, both hydraulic systems work simultaneously
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to operate the lateral control system. However, either
hydraulic system alone will give satisfactory control at
all airspeeds.

LATERAL ARTIFICIAL FEEL SYSTEM.

Since hydraulic operation of the flaperons prevents air
load feed-back to the control stick, an artificial feel sys-
tem is installed to simulate the effece, The system con-
sists of a cam and spring loaded follower installed in the
forward section of the fuselage, Movement of the cam
against the follower roller induces a force in the control
system that opposes stick movement, This force is de-
pendent on control stick position only,

LATERAL TRIM CONTROL SYSTEM.

An electrical actuator varies the neutral position of the
artificial feel system, thereby varying the neutral stick
position which in turn, establishes lateral trim., The ac-
tion of the electrical actuator does not affect the relative
motion between the stick and flaperons.

LATERAL TRIM CONTROL SWITCH.

The actuator is controlled by the four way trim control
thumb switch (9, figure 1-7) on the control stick grip
which is also used for longitudinal trim control. Changes
in stick force resulting from operation of the trim ac-
tuator can be easily overpowered; however, a circuit
breaker is provided to deenergize the actuator in case of
malfunction in the electrical circuits.

LATERAL TRIM POSITION INDICATOR.

The lateral trim position indicator (11, figure 1-7) con-
sists of a calibrated plate mounted on the knuckle of the
control stick and is entirely mechanical in operation. The
plate 15 calibrated from zero to three to indicate left or
right trim. An index line on the stick moves along the
edge of the calibrated plate to indicate the amount of
lateral trim.

MNote

The values on the plate do not indicate actual
degrees of trim.

LONGITUDINAL CONTROL SYSTEM.

The longitudinal control system (figure 1-14) consists
of a hydraulic pressure operated, all movable horizontal
stabilizer and geared elevator, with an elevator shift
mechanism, an electrical trim system, and an artificial
feel system. Longitudinal control is provided by a
hydraulic pressure operated, all movable horizontal sta-
bilizer. Fore and aft movement of the control stick
directs a valve to let hydraulic pressure from the com-
bined and flight hydraulic power systems move the sta-
bilizer accordingly. Like the flaperon system, the sta-
bilizer 1s normally controlled simultaneously by both the
combined and flight hydraulic systems, but either hydrau-
lic system alone can control the stabilizer at any airspeed,
and the ram air turbine can be used if engine failure re-
sults 1n insufficient hydraulic pressure.

40

NAVWEPS 01-B5FGG-501

The elevator is automatically locked in line with the
stabilizer when the wing flap control handle is set to UP,
and the two units move as a single control surface. When
the wing flap control handle is set to DOWN the eleva-
tor is geared to stabilizer motion so that when the sta-
bilizer leading edge is 5§ degrees up, the elevator forms
an angle of zero degrees with the stabilizer chord center
line; and when the stabilizer leading edge is 18 degrees
down, the elevator forms an angle of 27 degrees up
with the stabilizer chord center line. The change in
elevator control from locked to geared is accomplished
automatically by an elevator shift cylinder which is
actuated by hydraulic pressure from the Hap selector
valve. Since the elevator is controlled only by stabilizer
motion, there is no independent elevator control.

LONGITUDINAL ARTIFICIAL FEEL SYSTEM.

Since the hydraulic operation of the stabilizer prevents
air load feed-back to the control stick, an artificial feel
system is installed to simulate the effect. The system
consists of a cam and spring-loaded follower installed
in the aft end of the fuselage. Movement of the cam
against the follower induces a force in the control sys-
tem that opposes stick movement. This force is de-
pendent on control stick position only.

Orther items that contribute to the pilot’s feel of the air-
plane are the positive and negative bobweights installed
at the control stick and at the aft end of the fuselage
and the Eddy Current Damper installed forward of the
control stick. The latter, being anchored to the floor and
through a link attached to the stick, will produce stick
forces as a function of stick velocity.

LONGITUDINAL TRIM CONTROL.

The electrical trim actuator varies the neutral position
of the artificial feel system, thereby varying the neutral
stick position, which in turn establishes longitudinal
trim. The action of the electrical actuator does not
affect the relative motion between the stick and the sta-
bilizer. The actuator is controlled by the four way trim
control thumb switch (9, figure 1-7) on the control stick
grip, which is also used for lateral trim. Changes in stick
force resulting from operation of the trim actuator can
be easily overpowered; however, a circuit breaker is pro-
vided to deenergize the actuator in case of malfunction
in the circuits.

LONGITUDINAL TRIM (STABILIZER) POSITION
INDICATOR.

The longitudinal trim position indicator (15, higure 1-5;
or 16, figure 1-5A) is mounted on the instrument panel,
The dial face is calibrated in degrees of stabilizer po-
sitiﬂn over the trim range available. Nose-up indica-
tions mean airplane nose-up and not stabilizer nose-up.
H!L separate circuit breaker is provided for the indicator
circuit,

SLATS, FLAPS AND ELEVATORS LOCKED
INDICATOR.

This barber pole indicator (44, figure 1-5; or 44, figure
1-5A) 1s mounted on the instrument panel. The in-
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dicator reads YES, provided the slats and flaps are
locked up and the elevators are locked in the zero angle
position with reference to the stabilizer. The indicator
reads NO when elevators are in geared position which
occurs when the flap handle 1s in the down position, A
barber pole indication results when neither of the above
conditions is met or power is off.

WARNING

Barber pole or NO readings indicate an unsafe
condition for high speed flight (270 knots
IAS and above). Land as soon as practicable,

RUDDER CONTROL SYSTEM.

Movement of the rudder pedals directs a valve to let hy-
draulic pressure from the combined and flight hydraulic
power systems move the rudder accordingly. Like the
flaperon and stabilizer systems, the rudder is normally
controlled by both the combined and flight hydraulic
systems, but either hydraulic system alone will give satis-
factory control at all airspeeds. See figure 1-15. Auto-
matic rudder pedal position stops (actuated by the ele-
vator shifting mechanism), limits rudder travel to 5
degrees each side of neutral with flaps UP and to 22
degrees each side of neutral with flaps down. This in-
sures that abrupt pedal movements will not impose ex-
cessive vertical fin loads which could cause structural
tatlure.

RUDDER PEDALS ADJUSTMENT HANDLE.

The rudder pedals are adjusted by raising the rudder
pedals adjustment handle (36, figure 1-5; or 38, figure
1-5A), which extends into the cockpit between the pedal
hangers and then moving the pedals to the desired po-
sition.  To lock the pedals in the selected position, lower
the handle until a notch engages the bolt in the adjust-
ment fitting.

DIRECTIONAL ARTIFICIAL FEEL.

Since hydraulic operation of the rudder prevents air
load feed-back to the pedals, an artificial feel system is
installed to simulate effect. The system consists of a
cam and spring loaded follower installed in the afr end
of the fuselage under the fin. Movement of the cam
against the follower induces a force in control system
that opposes pedal movement. This force is dependent
on pedal position only.

DIRECTIONAL STABILITY CONTROL SYSTEM.

The function of the directional stability control system is
to provide additional directional stability. The system
comprises a directional controller amplifier, a control
actuator, a trim control unit and a trim control on-off
switch,

The directional controller amplifier contains a yaw rate
gyro and the circuitry necessary to provide correction
signals for the directional controller actuator. Signals
produced by the yaw rate gyro are proportional to the
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yawing rate of the airplane. These signals are fed to
the directional controller actuator which is m{:::hunEmlI}'
linked to the rudder actuator control valves. Th-.:s, un-
coordinated ﬂit‘]‘rlan{: motions about the yaw axis auto-
matically produce corrective rudder position. The move-
ment of the control valve linkage due to directional con-
troller actuator operation is not fed back to the rudder
pedals, The pilot may override the system and perform
an uncoordinaicd maneuver such as a side slip by exert-
ing a normal amount of rudder pressure.

The system requires both d-c and three phase a-¢ power
for operation. D-c power is obtained from the secondary
d-c bus through a circuit breaker on the lower circuit
breaker panel in the cockpit. The yaw damper (di-
rectional stability) and trim control ON-OFF switch
controls the d-c power to the directional controller am-
pliier, The three phase ac from the a-c instrument bus
15 routed directly to the directional controller amplifier
through a pair of one ampere circuit breakers.

YAW DAMPER (DIRECTIONAL STABILITY)
AND RUDDER TRIM SWITCH.

This ON-OFF switch (24, figure 1-4; or 26, figure 1-4A)
is used to control d-c power to the directional controller
actuator. When this switch is set to OFF and the d-c
power switch is set to BAT. & GEN. or BAT. ONLY,
the directional stability and trim system receive only a-c
power and are in a stand-by condition. When the switch
is set to ON, d-c power is supplied to the directional con-
troller actuator and both the directional stability and
directional trim systems are placed in operation.

DIRECTIONAL TRIM CONTROL SYSTEM.

This system enables the pilot to manually trim the rudder
to a new neutral position to offset any directional out-
of-trim condition. Rudder movements produced by the
pilot or the directional stability system are made from
this neutral position. Rudder pedals, however, remain
in a neutral position regardless of the rudder trim
sition. Four and one-half degrees of rudder trim are
available on either side of neutral.

DIRECTIONAL TRIM CONTROL KNOB.

The directional trim control knob (27, figure 1-4; or 27,
figure 1-4A) enables the pilot to manually select rudder
trim by controlling the neutral length of the directional
controller actuator. This actuator, in turn, operates the
rudder actuator control valves to move the rudder to
the selected trim position. Rotating the directional trim
control knob to the left from zero produces left rudder
trim and rotating the knob to the right from zero pro-
duces right rudder trim.

WING FLAPS.
WING FLAPS CONTROL SYSTEM.

Movement of the flaps contral handle directs combined
hydraulic system pressure to the flaps actuating cylinders
when the hydraulic system isolation valve is positioned
for landing and take-off operations.
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FLAPS CONTROL HANDLE.

The flaps control handle (22, figure 1-4; or 11, figure
1-4A) is located in the control quadrant on the left
console and has two detented positions. The handle
must be moved inboard to clear the detents before it can
be moved fore and aft, With the handle at UP, the

flaps are fully retracted. When the handle is moved to
DOWN, the flaps are fully extended.

WING FLAPS EMERGENCY SYSTEM.

The flaps hydraulic system contains an accumulator
which permits one extension of the flaps, slats, and un-
locking of the elevator after a hydraulic failure.

MNote

If the flaps control handle is inadvertently
moved to UP after the flaps are extended by
the accumulator, the flaps will blow up but the
elevator will remain unlocked.

WHEELS AND FLAPS POSITION INDICATOR.

The electrically operated wheels and flaps position in-
dicator (51, hgure 1-5; or 53, figure 1-5A) is mounted
on the left auxiliary instrument panel. The position
of the flap at the top of the indicator corresponds to the
actual flap position whenever both flaps are either UP
or DOWN. During transit between the UP and DOWN
flap positions, the pointer of the indicator will move out

of sight.

SLATS.
SLATS CONTROL SYSTEM.

The slats are hydraulically actuated by combined hy-
draulic system pressure routed through the flaps selec-
tor valve, When the flaps are raised, the slats retract;
and when the flaps are lowered, the slats extend.

ANGLE OF ATTACK-—
STALL WARNING SYSTEM.

The angle of attack-stall warning system consists pri-
marily of a detector unit, an indicator, a rudder pedal
shaker unit, a cockpit light assembly and a wing ap-
proach light assembly." Angle of attack is the angular
relationship (about the pitch axis) between a fore and
aft reference line (such as the fuselage reference line)

and the flight path.
STALL WARNING.

The detector unit senses angle of attack by the effect
of airflow on a probe which is located on the left* or

right! side of the nose and, by use of a potentiometer
circutt, transmits signals to the indicator unit, The

"Airplanes BulNo. 141728¢ and subsequent.
=Airplanes BulNo. 138610a through 138645h.
*Airplanes BulNo. 138610a through 1417%0c.
‘Arrplanes BulNo. 141751d and subsequent,
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indicator i.ntarprets the signals from the detector and
provides continuous angle of attack indications on the
dial of the unit.

Mote

Since the angle of attack indicator was de-
signed for low speed approaches, it will not
provide accurate angle of attack reference
above .6 true mach number,

When the angle of attack airflow approaches a stall con-
dition, a switch in the indicator closes and completes a
ground circuit in the rudder pedal shaker circuit, caus-
ing the shaker to vibrate the rudder pedal and physically
alert the pilot to the impending stall condition. The
rudder pedal shaker unit can operate, however, only
when the wing flaps are down, since the shaker motor
power circuit is completed through a switch closed
when the wing flap control handle is in the DOWN
position.,

Mote

An artificial stall warning indication of 22
on the angle of attack indicator has been
selected as rthat which represents approxi-
mately 149, above stall speed. This was se-
lected as a minimum airspeed at which re-
covery from approach to stall could be made
with a2 minimum loss of altitude.

APPROACH.

The cockpit angle of attack light assembly (8, figure
1-5A) consists of three lights, arranged wvertically
and covered by a cap. Over the upper light, an arrow-
head on the cap points downward, while a similar
arrowhead over the bottom light points upward., As a
result of signals from the detector, the indicator unit
switches function to light the top light for a high
angle of attack, the center light for a medium angle or
the bottom light for a low angle. Light overlap occurs
on either side of the center light, causing the center
light and the top or bottom light to glow together for
a shghtly high or low angle of attack. The arrow-
heads over the lights point to the direction for the
nose to go to correct for the condition represented.

On some airplanes,”® the cockpit angle of attack light
assembly indicates at all times. On other airplanes,’
the cockpit angle of attack lights will function only
when the landing gear is down. When the cockpit instru-
ment lights are on, a cockpit angle of attack light
relay is energized, resulting in the insertion of a
dimming resistor into each light circuit. All lights
in the angle of attack-stall warning system are powered
by the secondary d-c bus through the exterior lights
“B” circuit breaker,

The remainder of the system, including the rudder pedal
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shaker uni, is also powered by the secondary bus through
the angle of attack circuit breaker. Absence of power to
the system is shown by OFF appearing on the dial face of
the indicator. After landing, rudder pedal shaker oper-
ation is prevented by interruption of the power circuits
through the No. 1 ground indication relay.

ANGLE OF ATTACK INDICATOR.

The angle of attack indicator (7, figure 1-5A) 1s located
on the instrument panel. It interprets the signals from
the detector and provides continuous angle of attack in-
dications on the dial of the unait.

MNote
Since the angle of attack indicator was de-
signed for low speed approaches, it will
not provide accurate angle of attack ref-
erence above .6 true mach number,

COCKPIT ANGLE OF ATTACK LIGHT ASSEMBLY.

See Angle of Artack—Stall Warning System paragraph,
this secrion.

SPEED BRAKES.

SPEED BRAKES CONTROL SYSTEM.

The speed brakes (one forward and two aft) are con-
trolled by a switch which positions two solenoids that
operate a hydraulic selector valve, which in turn, routes
hydraulic pressure from the combined hydraulic power
system to the speed brake actuating cylinders.

SPEED BRAKES SWITCH.

The three position speed brakes switch (9, figure 1-4;
or 10, figure 1-4A) is located on the power control
lever. The switch is spring loaded to a center (oft) po-
sition which holds the brakes at any selected angle. The
UP position fully retracts the speed brakes. The DOWN
position is used to obtain any required degree of exten-
sion by holding the switch at this position, then releas-
ing it when the brakes reach the desired angle.

The airplane should not be landed with the
speed brakes extended, as the aft brakes will
strike the deck and be damaged.

SPEED BRAKES OVERRIDE SWITCH.

The two position guarded speed brakes override switch
(28, figure 1-4; or 7, figure 1-4A), located on the left
console, can be set to NORM.,' NORMAL® or SPEED
BRAKES OVERRIDE.

OPERATION.

a. In the event of electrical failure, the speed brakes
will automatically retract.

b. Speed brakes override switch set at NORM—

1 Airplanes BulNo. 138610a through 13B645h.
“Airplanes BulNo. 141728¢ and Subsequent,
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When the landing gear is down the speed brakes can-
not be extended. When the landing gear is up and the
speed brakes are down, extending the landing gear wll
automatically retract the brakes, and they cannot be ex-
tended until the landing gear is retracted.

C: Epeed brakes overnide switch set at SPEED BRAKES
OVERRIDE—The EPEE-[' brakes can be extended and

retracted regardless of the position of the landing gear.

d. If the combined hydraulic system fails in flight
and the speed brakes are down, the speed brakes switch
to UP will cause the forward speed brake to retract and
the two aft brakes to trail, regardless of the position of
the speed brakes override switch.

SPEEDD BRAKES POSITION INDICATOR.

This barber pole indicator (43, figure 1-5; or 43, hgure
1-5A) is mounted on the instrument panel. When all
three brakes are at least partly extended, the indicator
reads OUT. When all three brakes are fully retracted,
it reads IN. In the event of an electrical failure, a barber
pole appears on the indicator.

LANDING GEAR SYSTEM.

The landing gear is of the tricycle type, consisting of
two main gear wheels and a steerable, dual-wheel nose
gear. In addition, a tail skid extends and retracts si-
multaneously with the landing gear. Normal power for
the landing gear is supplied by the combined hydraulic
system. Emergency operation of the landing gear is
provided by a pneumatic power supply system. A sole-
noid operated latch is installed to prevent inadvertent
gear retraction while the weight of the airplane is on
the wheels.

NORMAL CONTROLS.

LANDING GEAR CONTROL LEVER.

This two position lever (53 figure 1-5; or 52, figure
1-5A) is located on the auxiliary instrument panel over
the left console. When the lever is moved to DOWN
(after moving inboard to release from detent), hydraulic
cylinders open the wheel doors, lower and lock down
the main and nose gears. When the lever 1s moved to
LUP (after inboard movement to release), the main and
nose gears retract and the main and nose wheel doors
close. A solenoid operated latch is installed to prevent
inadvertent gear retraction when the airplane 1s on the
deck. When airborne, the struts extend, releasing the
latch and permitting the gear to be retracted. Extension
or retraction of the landing gear may be accomplished
with the normal control only when the isolation system
lever is in the TAKE-OFF LANDING position.

Noate

When the landing gear is extended, the speed
brakes (if extended) are automartically re-
tracted (provided the speed brakes override
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switch 1s set at NORM.) to clear the deck
upon lnnding, (See SFEEd Brakes Control

System in thus section. )
NOSE WHEEL STEERING SWITCH.

The nose wheel steering switch (12, Agure 1-7) 1s a
push button switch located on the control stick grip.

EMERGENCY CONTROLS.

LANDING GEAR EMERGENCY CONTROL
HANDLE.

This handle (50, figure 1-5; or 54, figure 1-5A) is lo-
cated on the left auxiliary instrument panel and, when
pulled out, actuates a cable to open air bottles and direct
air pressure to the cylinders to open the doors, lower and
lock the nose landing gear, and permit extension and
locking of the main landing gear through action of the
shrink cylinders and gravity. The handle is provided
with a detent to hold it out and insure air pressure sup-
ply to complete the extension of the gear.

Airspeed must be reduced to 180 knots IAS
before using emergency control.

Once the emergency control has been used, the
gear cannot be retracted until normal opera-
tion has been restored by servicing the system.

Mote

The landing gear warning light remains on if
the landing gear control handle is at UP. Mov-
ing the control handle to DOWN will ex-
tinguish the light, power the secondary bus
and permit gear down indication if the gear
goes down and locks.

LANDING GEAR CONTROL LEVER DOWN LOCK
RELEASE KNOB.

A manually operated release knob (49, hgure 1-5; or
55, figure 1-5A) 1s located forward of the instrument
panel bulkhead on the left side. If electrical failure
should make the down lock solenoid inoperative, pull-
ing the knob inboard will clear the landing gear control
lever linkage to allow movement of the lever to UP.

INDICATORS.

WHEELS AND FLAPS POSITION INDICATOR.

A standard indicator (51, figure 1-5; or 53, figure 1-5A),
which shows wheels down and locked or wheels up and
locked is located on the left auxiliary instrument panel.
In the event of a landing gear malfunction, the indicator
will show which wheel or combination of wheels is in
an unsafe condition.

LANDING GEAR WARNING LIGHT.
A red landing gear warning light (48, figure 1-5; or 56,

1 Airplanes BulNo. 141728¢ and subsequent.
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figure 1-5A), located near the landing gear controls on
the left auxiliary instrument panel, glows whenever one
or more of the gears are unlocked. In normal operation,
the light will glow while the gear is in transit and remain
on until all locks are secure. In emergency operation,
the hight will glow if the normal control is at UP and
emergency gear extension has been used. Should this
light remain illuminated when airborne and all gears are

up and locked, check the stores emergency release cir-
cuit breaker located on the lower circuit breaker panel

on the right cockpit wall. If pushing the circuit breaker
in fails to extinguish the light, an electrical malfunction
is indicated.

WHEELS WARNING LIGHT.!

A wheels warniag light (5, figure 1-5A), located on the
main instrument panel, flashes whenever the flaps are
down and the throttle is retarded but the landing gear
15 not down. The light illuminates the word WHEELS
on the plastic panel.

TAIL SKID.

The tail skid 15 raised by a hydraulic cylinder which
is controlled by an electrically operated solenoid valve,
This valve is positioned by means of a switch actuated
by the landing gear control lever. When the landing
gear control lever is placed in the UP positon, the valve
is opened and the tail skid 1s raised. When the lever is
in the DOWN position, the valve is closed by spring
action and the skid is extended by a dashpot. An addi-
tional control i1s provided by a power control lever
switch, When the power control lever is advanced to
a setting of 959, rpm or greater, the tail skid raises.
Retarding the power to less than 959, rpm will not
lower the tail skid if the landing gear control lever
i5 in the up position.

Mote

In the event of an electrical failure in the
solenoid valve circuit, the valve is closed by
spring action and the tail skid will be extended.

BRAKE SYSTEM.

NORMAL CONTROLS.

The brake pedals operate power assist brake wvalves
(mounted on the pedals) to control hydraulic pressure
to the wheel brakes. The hydraulic pressure is supplied
by the combined hydraulic system and is not available
unless the isolation system lever is in the TAKE-OFF
LANDING position. With no combined hydraulic
pressure available, adequate braking may still be ob-
tained by pilot effort.

EMERGENCY CONTROL.

The wheel brakes emergency control handle (5, figure
1-4; or 4, figure 1-4A) is located aft on the left console.
When pulled up, it actuates a cable connected to a valve,
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which opens to admit pneumntif pressure from an air
bottle into the brake lines.

Once the emergency handle is used, the brakes
are set full on. Release can be effected by
pushing the handle down. Only four satis-
factory applications of the brakes by the emer-
gency system may be expected before it be-
comes necessary to allow sufficient time for the
air bottle to be recharged. Once the emer-
gency system has been used, the brakes will
not operate through the normal hydraulic sys-
tem until the system has been serviced.

ARRESTING HOOK.

NORMAL CONTROLS.

ARRESTING HOOK DOWN CONTROL HANDLE.

This control handle (27, ﬁgurﬂ 1-5; or 29, figure 1-5A)
is located on the right auxiliary instrument panel. When
pulled, a cable unlatches the arresting hook and allows
.z to fall into position. Once operated, the hook must
oe stowed h:.-r the Eruund or deck crew.

WARNING

By design, the tail hook is positioned with the
hook forward when retracted and pivots aft
to a down and locked position. When the
airplane is on the runway, the arresting hook
may not extend fully. If use of the arresting
hook is anticipated for field arresting gear
engagements, it is desirable to lower the ar-
resting hook while airborne. 1f the hook 1s
then raised to the stinger position, it will
allow a normal landing but will be available
for an arrestment if necessary.

When test operating the system, make sure
that persnnnel are clear of the hook.

ARRESTING HOOK UP CONTROL SWITCH.

This push button switch (26, figure 1-5; or 28, figure
1-5A) is located on the right auxiliary instrument panel,
adjacent to the arresting hook down control handle.
When the button 1s pushed, a hydraulic cylinder raises
the hook clear of the deck to the stinger position to per-
mit taxung forward of the barrier and arresting cables.
It 1s also possible to raise the arresting hook to the
stinger position in flight by momentarily depressing the
arresting hook up control switch. To lower the hook
from stinger position back down to trail, pull the ar-
resting hook down control handle,

LAirplanes BulNo. 138610a through 138645b,
= Airplanes BulNo. 141728c and subsequent.
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Mota

The arresting hook up control switch will lift
the hook only when the hook is in the down
and locked position.

ARRESTING HOOK WARNING LIGHT.

A red warning light (24, figure 1-5; or 21, figure 1-5A)
that illuminates the words ARREST HOOK is located
on the right auxiliary instrument panel and glows when
the hook is in any intermediate position between re-
tracted and full down and locked. The light also glows
when the hook is lifted to the stinger position for taxi-
ing. The light goes out when the hook is full down
and locked, or retracted with uplock fully engaged.
Should the uplock become partly opened (causing illum-
ination of this light) during flight, lower the hook by
pulling the arresting hook down control handle and
raise to stinger position by pushing the arresting hook
up control switch. If the warning light comes on un-
expectedly while the airplane is on the ground, have
ground crew check hook uplock. Do not taxi further
than necessary to clear runway.

APPROACH LIGHT /!

This light operates in conjunction with the lowering of
the arresting hook and serves to aid the landing signal
officer to ascertain the airplane attitude during a landing
approach, When the exterior lights master switch
(figure 1-6) is set to either STEADY or FLASH, with
the arresting hook extended and the landing gear locked
down, the approach light will glow steadily. With
either the hook up or the landing gear not locked down,
the approach light will remain out. After landing, the
approach light will remain on until the exterior lights
master switch is set to OFF.

WING APPROACH LIGHTS:

Three wing approach hights, located on the leading edge
of the left wing, serve to aid the landing signal offi-
cer in ascertaining the airplane attitude during a landing
approach, The red approach light glows for a low angle
of attack, the amber glows for a medium angle and the
green glows for a high angle of attack. The wing ap-
proach lights operate without overlap, each light glow-
ing individually to represent the respective angle of
attack condition. Since the lights can glow only when
the arresting hook and landing gear are down, light
operation also informs the landing signal officer that
the airplane i1s in a safe condinon for landing. The
lights are extinguished when the airplane is on the
ground,

INSTRUMENTS.

The majority of the instruments are installed on the
matn instrument panel (hgures 1-5 and 1-5A). They can
be classified into four groups: flight instruments, engine
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Instruments, navigation instruments and miscellaneous
instruments. The flight instrument group includes the
accelerometer, airspeed-Mach number indicator, ald-
meter, rate of climb indicator, turn and bank indicator,
gyro horizon indicator, stand-by compass, S-2 remote
compass,® and MA-1 compass.'! The engine instrument
group comprises the fuel quantity indicator, fuel balance
indicator, fuel flowmeter, tailpipe temperature indicator,
oil pressure indicator, oil pressure warning light, fuel
tank pressure indicator, wing fuel indicator, fin tank fuel
indicator and tachometer. The navigation instrument
group includes two course indicators. The miscellaneous
instrument group consists of the oxygen pressure gage,
two separate hydraulic pressure gages,” a dual hydraulic
pressure gage,! a pneumatic pressure gage, wheels and
flaps position indicator, slats, flaps and elevators locked
indicator, speed brakes position indicator, lateral trim
position indicator, longitudinal trim position indicator,
cockpit pressure altimeter, radar AFC meter, radar
range indicator, angle of attack indicator and voltmeter.

FLIGHT INSTRUMENTS.

ACCELEROCMETER.

The accelerometer (41, figure 1-5; or 17, figure 1-5A)
is located on the main instrument panel. The dial of
the instrument is calibrated in “g's" and has a range of
minus 5g to plus 10g. The accelerometer 15 internally
and mechanically powered. The instrument has three
pointers: One gives a continuous reading which indi-
cates changes of acceleration, the second records the
maximum reading obtained and the third records the
minimum reading obtained. The last two pointers re-
main at the highest and lowest reading reached in any
particular maneuver and record for future reference the
highest positive and negative loads to which the airplane
has been subjected. Depressing the knob on the front
of the instrument will release the high and low reading
hands. This accelerometer is designed to indicate cor-
rectly the relatively sustained acceleration experienced
in maneuvers such as pull-outs, accelerated turns, etc.
It will not indicate accurately the short period accele-
rations due to shocks encountered in hard landings,
taxiing over rough ground or in severe buffeting. In
such cases, the indications should be disregarded.

AIRSPEED—MACH NUMBER INDICATOR.

The airspeed-Mach number indicator (4, figure 1-5; or
6, figure 1-5A) is located on the instrument panel. The
indicator 15 a combination instrument, connected to
both static and pitot pressure lines, consisting of an air-
speed mechanism and an altitude mechanism. The in-
dicated airspeed mechanism drives a pointer to indicate
airspeed on a fixed dial. The pointer also indicates the
Mach number on a movable Mach number scale which
15 driven by the altitude mechanism.

The gearing between the moving scale and the altitude

| Airplanes BuNo. 141728¢ and subsequent.
= Airplanes BuNo. 138610a through 138645h.
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mechanism is such that the Mach number will be in-
dicated by the pointer on the moving scale at any com-
bination of indicated airspeed and altitude within the
range of the instrument. The airspeed indicator has a
range of 80 to 650 knots and the Mach number scale
has a range of 0.50 to 2.0. The indicator has two
triangular indexes, a Mach number setting index and an
airspeed setting index. The setting of the Mach num-
ber index and the airspeed index is made by the ad-
justment knob located in the lower left corner of the
bezel. The Mach number index is set by depressing and
turning the knob and setting the index to the desired
Mach number. The Mach number index is not neces-
sarily set at the limit Mach number of the airplane. It
15 for the pilot’s convenience in flying any constant Mach
number within the airplane limitations. The airspeed
indicator index is set by turning the knob without de-
pressing it and setting the index to any desired airspeed
within its range of B0 to 145 knots.

Mote

Either index can be set without changing the
EE'Hing of the other index.

The following two conditions are given as examples of
the operation of the indicator. As the airplane ascends
at a constant airspeed, the pointer will remain stationary
and the Mach number scale will rotate, indicating an in-
creasing Mach number. As the airplane ascends at a
constant Mach number, the Mach number scale and the
pointer rotate, with the pointer maintaining its position
on the Mach number scale, indicating a constant Mach
number and decreasing airspeed.

ALTIMETER,

The alumeter (6, figure 1-5; or 50, hgure 1-5A),
mounted on the main instrument panel, indicates the
altitude of the airplane in relation to sea level or in
relation to a preselected reference point. There are three
pointers on the altimeter dial. The large pointer indicates
altitude in 100-foot units and completes one revolution
for every 1000 feet change in altitude. The second point-
er indicates altitude in units of 1000 feet and completes

one revolution every 10000 feet, and the third shows the
altitude in increments of 10000 feet,

The altumeter dial is calibrated to a standard scale, the
zero corresponding to normal sea level atmospheric
pressure of 2992 in. Hg. Because the actual atmos-
pheric pressure for a given altitude may differ from this
standard, an adjustment is required to obtain a proper
altitude reading. The barometric pressure scale is set
according to the existing atmospheric pressure by ro-
tating the knob located at the lower left side of the in-
strument, The gear system in the instrument shifts the
pointer to give correct altitude indications. The altim-

eter has a range of from zero to 50000 feet and is con-
nected to the static vent line.
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GYRO HORIZON INDICATOR.

The gyro horizon indicator (8, figure 1-5; or 11, figure
1-5A) is located on the main instrument panel. This
indicator provides the pilot with a constant visual in-
dication of the pitch and roll atritude of the airplane,
using as a reference a stable vertical plane which is
maintained by a gyro within the unit. The indicator
has a pitch scale visible through a rectangular window
located in the center of the instrument. The pitch
scale has a range of 0 to B0 degrees for indicating both
positive and negative airplane pitch attitudes. The
unit operates on three phase, 115 volt, 400 cycle ac from
the insttument a-c¢ buses. The circuits are protected by
circuit breakers in the a-¢ circuit breaker panel.

OPERATION.

Quick erection of the gyro is accomplished by means of
a mechanical caging device. To cage the gyro, the
caging knob on the front bezel 1s pulled out and held in
the extended position until the horizontal bar and bank
index cease to oscillate, at which time they should
indicate zero roll and pitch within approximately three
degrees, The caging time will depend upon the position
of the gyro; however, the longest time will be approxi-
mately ten seconds. The caging device cages the gyro to
the true attitude of the airplane and not to the true
vertical, Therefore, the gyro should be caged only
when the airplane is known to be in a straight and level
flight condition. The indicator contains a power warning
flag that is visible only when the power supply is shut off,
if there is an improper phase rotation or an open or short
circuit in the instrument,

The indicator should not be caged in flight
unless the airplane 1s known to be in a straight
and level flight. The pilot should not rely
upon the indicator for flight indications if the
power warning flag is visible in the face of the
Instrument.

5-2 REMOTE COMPASS SYSTEM.!

The 5-2 compass system combines the advantages of the
remote indicating magnetic compass and the directional
gyro into one instrument. The SLAVED position pro-
vides a compass-slaved directional reading which is
corrected automatically for gyro precession and elimin-
ates compass oscillation and northerly turning error.
Gyro stabilized magnetic compass heading information
is fed to the radio magnetic course indicator (12, figure
1-5) where the information is displayed on the compass
card. The system uses dc from the primary bus and 115
volt, 400 cycle, three phase ac from the instrument bus.

Power 15 available to operate the system when the d-c
power switch is set to BAT. & GEN. or BAT. ONLY.

The 5-2 remote compass control panel (14, figure 1-6)
1s located on the right console. It consists of an an-

I Airplanes BulNo. 138610a through 138645b.
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nunciator meter marked SYNC IND. which indicates the
direction and amount of error between the course in-
dicator reading (gyro) and the magnetic heading (flux
valve), a manual slaving control knob marked SET
HDG. which 1s used for synchronizing the gyro and the
magnetic heading, and slaving cut-out switch with posi-
tions FREE and SLAVED. In the FREE setting, the
system operates as a free directional gyro without
compass slaving. In the SLAVED setting, the course
indicator heading (gyro) will be aurtomartically fast-
slaved into alignment wich the magnetic heading sensed
by the flux valve in about three minutes, Once aligned,
the course indicator heading and the magnetic heading
of the flux valve should stay in synchronization within
one degree and the annunciator pointer will be centered
(the annunciator pointer will normally swing out in
turns and oscillate in flight). When the slaving cut-
out switch is set to FREE, the system is operating as a
free gyro. The course indicator heading must be reset
periodically to correct for gyro precession. If in a region
of reliable magnetic field, the amount of precession to
be corrected for 15 indicated by the annunciator pointer.
Moving the manual slaving control knob to R when the
annunciator pointer is deflected to the left will precess
the gyro and move the course indicator up scale. The
annunciator pointer will move towards zero. When the
annunciator pointer reaches zero, the gyro heading is
synchronized with the magnetic heading and the manual
slaving control knob should be moved to its neutral
position. When the annunciator pointer is deflected to
the right, moving the manual slaving control knob to the
L position will move the course indicator heading down
scale,

Operating the system as a free direcoonal gyro is
useful in polar regions where magnetic headings are
unreliable,

OPERATION.

a. Set d-c power switch to BAT. & GEN.

b. With slaving gyro cut-out switch set to SLAVED
GYRO, after power has been turned on for three
minutes, the annuncator puinter will move away from
“"hard over” position and become centered on zero,
indicating that course indicator heading (gyro) is
synchronized with magnetic heading,

¢. Heading on course indicator should be checked
with heading on stand-by COmpass.

d. When operating near polar regions or on carrier
deck, system may be used as a free directional gyro by
setting slaving gyro cut-out switch to FREE GYRO.

e. While operating system as a free directional gyro
in a region with a reliable magnetic field, periodically
reset course indicator heading to compensate for gyro
precession as indicated by annunciator pointer. When
pointer is to right of zero, hold manual slaving control
knob at DEC, until pointer reaches zero. When pointer



NAVWEPS 01-85FGG-501

is to left of zero, hold knob at INC. until pointer
reaches zero.

f. If in a region with an unreliable magnetic field
such as polar regions, a known precession rate may be
used to reset system, or other navigational bearing
information may be used as a standard.

MA-1 COMPASS SYSTEM.?

The MA-1 compass system combines the advantages of
the remote indicaning magnetic compass and the direc-
tional gyro into one instrument. The system may be
operated as a magnetically slaved instrument or as an
unslaved gyro. The SLAVED position provides a com-
pass-slaved directional reading on the radio magnetic
course indicator (13, figure 1-5A) on the pilot's in-
strument panel. The system uses dc from the primary
bus and 115 volr, 400 cycle, three phase ac from the
instrument bus. When the d-c power switch is set to
BAT. & GEN. or BAT. ONLY, the MA-1 compass is
clectrically powered to operate as either a slaved or
free system, depending on the initial setting of the
SLAVED-FREE selector switch. The MA-1 compass
control panel (14, figure 1-6) is located on the right
console. It consists of a SYNC. IND. meter which pro-
vides visual indication of the lack of synchronization
between the directional gyro and the magnetic heading
reference (flux valve), a manual sluving control switch
marked SET HDG. which i1s used to initially orient the
compass system to the indicated heading in a maximum
time of 15 seconds, a slaving cut-out switch marked
SLAVED-FREE which determines the mode of opera-
tion of the compass system, and a LAT. CONT. knob
which is used only during free operation of the com-
pass system. In the FREE setting, the system operates
as a free directional gyro without compass slaving. In
the SLAVED setting, the compass indicator heading
(gyro) will automatically be slaved into alignment
with the magnetic heading sensed by the flux valve at a
rate of approximately two degrees per minute. Once
aligned, the compass indicator heading and the magnetic
heading of the flux valve should stay in synchronization
and the pointer of the synchronization indicator will be
centered,

The slaving system becomes unusable above 60° latitude
or when large quantities of iron or steel are in close
proximity, which would cause deviation of the earth's
magnetic field. When such conditions exist, the MA-1
compass may be operated as a free directional gyro and,
as such, the existing latitude must be set on the con-
troller with the LAT. CONT. knob.

OPERATION.
a. With SLAVED-FREE switch in SLAVED posi-
tion, set d-c power switch to BAT. & GEN.

b. Use SET HDG. switch to initially orient compass
system (o indicated heading. Movement of switch to
either R or L causes iynchmni:mtitm indicator needle

1 Airplanes BulNo. 141728 and subsequent.
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to move and compass indicator to change its directional
information at a rate of 12 degrees per second. The
compass system will now maintain its heading reference
with earth's magnetic field,

c. When such conditions exist that slaving system
becomes unusable, system may be used as a free direc-
tional gyro by setting SLAVED-FREE switch to FREE
posittion and LAT, CONT. switch to NORTH or
SOUTH latitude 1in which flight is started.

d. Using SET HDG. switch, orient compass indicator
to a fixed point in space of known direction, This
point now becomes aircraft heading reference,

e. During flight, LAT. CONT. must be changed to
compensate for each five degree change in latitude as
it 15 reached.

CANOPY.

CANOQPY CONTROLS—NORMAL AND EMERGENCY.

A combination canopy control lever (59, figure 1-5; or
62, figure 1-5A), located on the left side of the cockpit
above the landing gear normal controls, is moved for-
ward to CLOSE and aft to OPEN for normal operation
of the canopy. A third position, labeled JETTISON,
provides an emergency means of jettisoning the canopy
(see Emergency Ejection Procedure, Section II1). A
jettison locking lever (58, figure 1-5; or 61, figure 1-5A)
is attached to the canopy control lever. Squeezing the
two levers together makes it possible to place the canopy
control lever in the JETTISON position. A ground
safety lock is provided to prevent inadvertent closing

of the canopy when the canopy control lever is in the
OPEN position,

PILOT'S EJECTION SEAT.

The ejection seat consists of a stationary back with a
fixed headrest attached, footrests and a movable hucket.
Also attached to the ejection seat are the MS16036
automatic lap belt, shoulder harness, electric shoulder
harness inertia reel, manual seat height control, inertia
reel control handle, face curtain and the ejection seat
emergency arming handle (see figure 1-15A). The lap
belt is provided with a cartridge which will open the
belt three-quarters of a second after the seat catapult

15 fired.

If the lap belt firing mechanism is inadvertently
actuated with the cartridge installed, the belt
assembly must be removed and replaced by the
deck crew prior to the next flight.

An automatic parachute opener (attached to the lap belt)
will release the parachute at a preset altitude. If ejec-
tion 1s made below the preset altitude, the automatic
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EJECTION

1. Firing Cable Inspection Hole 8. Seal Bucket 14. Height Adjustment Locking Pin |
2. Shoulder Harness Inertia Reel 9. Bucket Height Control (Locking 15. Automatic Lap Belt Actuator |
3. Ejection Seat Ground Sofety Lock Pin Release) Ground Safety Lock
4, Face Curtain Handle 10. Foot Rest 16. Sear Actuator
* 5. Headrest 11. Height Adjustment Locking Pin 17. Avtomatic Lop Belt Actuator
4. Shoulder Harness 12. Bucket Counterbalance Cable 18. Sear Actuator Striker
7. Lap Belt 13. Locking Pin Control Cable 19. Inertic Reel Control Cable

Figure 1-15A. Grumman Ejection S5eat (Sheet 1)
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LOCKED

& MID-POSITION
UNLOCKED

)

20. Face Curtain Roller Bearing 28. White Line 37. Knee Broce
21. Face Curtain Roller Spring 2. Cable Spring 38. Harness Inertic Reel Control Handle
22. Face Curtain Roller 30. Seat Disconnect Ring 39. Canopy JeHison Control Cable
23, Firing Mechanism Yoke 31. Catdpult Tube 40. Canopy Jetison System Square
24. Catapult Firing Cable 32. Bulkhead Seat Support Fitting Tube and Clamshell
25. Firing Cable Disconnect 33. Catapult Support Fitting 41, Canopy Jettison Control Assembly
26. Safety Pin 34, Seat Roller 42. Ejection Seat Emergency Arming
27. Red Cortridge Indicating Band ~ 35. Bucket Counterbalance Spring Handle
36. Counterbalance Pulley

Figure 1-15A. Grumman Ejection Seat (Sheet 2)
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opener will operate after a preset time delay following
separation of pilot and seat.

NORMAL CONTROLS.

BUCKET HEIGHT CONTROL.

A ring handle (7, figure 1-7; or 9, figure 1-15A), lo-
cated on the forward edge of the bucket between the
pilot’s legs, controls the raising and lowering of the
bucket. Pulling the ring up releases four locking pins.
Then, to adjust the bucket to the desired height, the
piulot either applies downward pressure on the bucket
with his body (to lower) or raises his body above the
seat to release pressure and allow the bucket to come
up higher. To hold the bucket in the selected position,
the locking pins are reengaged by allowing the ring
handle to return to its normal position.

EMERGENCY CONTROLS.

FACE CURTAIN HANDLE (SEAT CATAPULT
FIRING CONTROL).

This handle (3, figure 1-7; or 4, figure 1-15A) is located
just above the pilot’s headrest and is attached to the
face curtain, which is stowed on a roller behind the
headrest. To eject, the pilot should first place his feet
on the footrests, then pull the face curtain handle for-
ward and down until it stops, This jettisons the canopy.
The handle cannot be pulled further until the canopy has
jettisoned.  After the canopy is away, the handle is
pulled down further undl it pulls the safety pin and
catapults the seat.

The catapult cartridge indicating mechanism is located
on top of the catapult tube. When a cartridge is in
the catapult tube, a cap on top of the mechanism will
project slightly to expose the word LOADED (in white)
and a white line around the side of the cap.

EJECTION SEAT EMERGENCY ARMING HANDLE.

This red emergency ejection seat arming handle (4,
figure 1-7; or 42, figure 1-15A), located on the left
side of the headrest (2, figure 1-7; or 5, figure 1-15A),
permits ejection through the canopy if the face curtain
tarls to jettison the canopy, Pulling this handle for-
ward disconnects the canopy jettison system and permits
the face curtain to be pulled through the full range
of travel required to fire the seat catapult.

AUTOMATIC LAP BELT AND PARACHUTE
OPENERS.

The lap belt 1s provided with an automatic opener which
15 actuated three-quarters of a second after the seat
catapult is fired. The parachute is equipped with an
automatic barometric opener which is activated upon
separation of pilot and seat. If ejection occurs above
the preset altitude, opening of the parachute is baro-
metrically delayed until the pilot descends through that
altitude. If ejection occurs below the preset altitude,
opening of the parachute will occur after a preset time
delay following separation from the seat.
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AUTOMATIC LAP BELT OPERATION.

The M516036-2A cartridge actuated automatic lap belt
(figure 1-15B) installed on the right side of the ejection
seat automatically releases the pilot from the seat three-
quarters of a second following ejection. The lap belt
is actuated by a three-quarter second l:lElil}' cartridge
which is fired when the seat is ejected. The cartridge
is fired as the lap belt actuator, located on the right
side of the ejection seat, is tripped by the striker lo-
cated on the right side of the cockpit.

WARNING

If the belt fails to open automatically follow-
ing ejection, the pilot must release the belt
manually. In addition, the parachute must
now be actuated manually since manual open-
ing of the automatic lap belt detaches the auto-
matic parachute actuation cable.

I'he belt assembly is designed as a "one-shot”
installation. In the event of inadvertent ac-
tuation of the firing mechanism with the car-
tridge installed, the actuating assembly (con-
sisting of the actuator 35$Emh|}' and :].L'tl..'liltinE
unit assembly ) will distort due to powder pres-
sure and it cannot be re-used. The following
procedure shall apply: Remove the belt as-
sembly and install a new belt assembly procured
from local stock.

HARNESS INERTIA REEL SYSTEM.

The harness inertia resl system incorporates a spring
loaded reel containing a cable which is connected to
the straps of the pilot’s shoulder harness. The unit is
electrically controlled by a circuit from the battery d-c
bus through the harness reel circuit breaker. In the
circuit is a harness reel inertia switch which opens the
circutt when the switch senses 2-1/2g or more in any
direction except verdcally down. The open circuit de-
energizes and locks the reel, thus preventing cable ex-
tension and forward movement of the shoulder harness.

Note

When the locking action occurs, only the for-
wird movement of the shoulder harness is pre-
vented. Any aft movement will be absorbed
by the spring load within the reel. After any
aft movement, however, the reel is stll locked
and prevents forward movement from the new
position,

HARNESS INERTIA REEL CONTROL HANDLE.

A manually operated control handle (6, figure 1-7; or
38, hgure 1-15A) with locked and unlocked positions
15 provided on the left leg brace. In the locked (for-
ward) position, the cable reel is mechanically locked,



NAVWEPS D01-85FGG-501

Section |

AUTOMATIC LAP BELT
AND

PARACHUTE OPENER

1. Auvtomatic Lop Belt Lock Releose Coble
Housing
Lap Belt Monual Release

G

Automabic Parachute Opener Connector
Link

Automatic Parachute Opener Lonyard
Lop Belt Connection Link

Automatic Lop Belt Lock Relecse Coble
Lock Pin

Com Loich

Disconnect Housing

Lop Belt Webbing

SO®~No

Figure 1-15B. Automatic Lap Belt and Parachute Opener

overriding all electrical operation. When the control
handle is in the unlocked position, the reel is free until
the incrtia switch is operated, which locks the reel, The
reel will remain locked until the control handle 15
moved to the locked (forward) position and replaced
to the unlocked (aft) position (provided the excessive
inertia forces are no longer present). The cable reel
may be released and the shoulder harness slackened, if
necessary, upon electrical power failure, by moving the
control handle to a position midway between locked
and unlocked.

FIRE DETECTION SYSTEM.

This is a continuous type, automatic resetting detector
which provides a warning to the pilot if a fire occurs
in the engine accessory section. It consists of a warning
light, test relay, control unit, sensing elements and con-
nectors. It is powered by 115 volts ac from the instru-
ment bus. The sensing elements are attached to the
fuselage in three running loops around the engine and
constitute the input of a triggering circuit in the con-
trol unit. In normal condition, they present a circuit
resistance high Enuugh to prevent illumination of the
warning light. However, excessive heat near any ele-
ment will break down the resistance of the ceramic in-
sulators in the sensing elements and reduce the circuit
resistance to complete the circuit ground. This will
cause the warning light to glow. Both ends of the con-
tinuous element are connected to the control unit so

that a single break anywhere in the element will not
Impair system operation.

FIRE WARNING LIGHT CIRCUIT TEST SWITCH.

A fire warning light circuit test switch (20, figure 1-5;
23, fgure 1-5A) 15 located on the repeater oxygen
blinker panel. This switch supplies d-c power to close
the test relay, shorting the sensing elements and simula-
ting a fire condition to illuminate the warning light.

FIRE WARNING LIGHT.

A fire warning lighe (14, figure 1.5; or 14, figure 1-5A)
is located on the instrument panel. The light is energized
by the fire sensing elements in the event of an engine
accessory compartment fire. The light will glow when
the fire warning light circuit test switch 1s actuated, in-
dicating that the fire warning circuit is in working order.
When illuminated, the light reads FIRE,

AUXILIARY EQUIPMENT.

The following systems are discussed in Section 1V:
Air Conditioning System

Oxygen System

Lighting Equipment

Communication and Associated Electronic Equipment
Mavigation Equipment

Armament
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BEFORE ENTERING THE AIRPLANE.

4. See Section V, and check latest service directives
and orders for limitations imposed on this airplane.

b, Determine wtighl and balance status of :Iirpiﬂllrz.
Obeain take-off and anticipated |nm:|ing gross w&ighth.
Tave useful load checked, Be sure proper hallast 1s

aboard.

Maota

Refer to the Handbook of Weight and Balance,
AN 01-1B-40, for loading information.

EXTERIOR INSPECTION.

Consult Yellow Sheet for status of airplane and make
sure airplane has been properly serviced.

Mote

In ground pressure fueling, the plane captain
and pilot can determine, prior to take-off,
that the wing tanks and aft tank are full by
means of the three fuel station check lights.
There 1s one light for each wing tank and
one for the aft tank. When these lights
are extinguished, their corresponding fuel tanks
are full. The drop tanks can be checked visually
for full fuel Ehrﬂugh the inspection window
on each tank.

Starting at the front of the airplane perform an exterior
inspection  (see figure 2-1). For danger areas, see
figure 2-3,

TR

NORMAL PROCEDURES

ENTRANCE TO AIRPLANE.

For instructions on entering the airplane, see hgure 2-2,

CANOPY AND EJECTION SEAT CHECK.
Before becoming seated in the airplane, make the fol-
lowing checks:

a. Canopy control lever—in QOPEN positon.

b. Cartridge—properly shows white line below red
cartridge indicating band (loaded) of catapult firing
head on top of scat; firing cable is fastened to safety pin
disconnect; ground lock tool is removed from catapult

firing yoke.

¢. Seat position—arrow on seat lines up with bottom
edge of painted yellow stripe on seat rail.

d. Firing cable—visible through inspection hole on
right side of headrest.

e. Lap belt—statc line is connected to lap belt actua-
tor on right side of seat above console; inspect lap belt
actuator for lockwiring.

ON ENTERING AIRPLANE.
INTERIOR CHECK—ALL FLIGHTS.

a. Seat belt and shoulder harness fastened: auto
chute cable attached; seat bucket adjusted to align eyes
to eye level line; oxygen, "G suit, and radio leads
attached; cockpit clear and everything stowed.

b. All switches and controls off, safe or normal.
"G suit valve—HI or LO, as desired.
Fire control system, AN,/ APG-30—OFF.
Wheel brakes emergency control handle—stowed.
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EXTERIOR =
INSPECTION

a. Overall view of airplane. a. Reverse procedure given for stabilizer-
I:. Londing gear chocked. right side.
g ﬂ;umli view of nose geor indicates no
obvious defects.
d. Nose gear tires and shock strut properly FUSELAGE - AFT I-EFT SIDE
inflated.

a. Secondary air inlet ducts unobstructed.

| a. Access doors closed.
; b. Intake duct unplugged and clean. a. Reverse procedure for right wing.
¢. Owverall view of main landing gear indicates

d %ﬂ”’%ﬁ’..ff;;ﬁm CIEI b FUSELAGE - FORWARD LEFT SIDE
intiate

. Fuel inlet cover secured.

. Main gear tire and shock strut properly

ml"lniﬂl
b. Overall view of main landing gear indicates
no obvious defects.

Intake duct un |1.I55H| and clean.
. Access doors closed.

a. Wing tenk ram air inlet duct uncovered
and clean.
E b. Wing tip up and locked, and undamaged.
| ¢. Wing tank dump port unobstructed.
= d. Wing flop undamaged.

FUSELAGE - AFT RIGHT SIDE

a. Generator cooler and oil vapor sutlets
unobstructed.

b. Secondary air inlet ducts unobstructed.

c. Arresting hook stowed.

P STABILIZER - RIGHT SIDE

a. Elevator hinge points secured and safetied.
Mo elevator play permissible.

b. Stabilizer fairings intact, screws in place
and no deformation of fairing itself.

¢. Pitot head uncovered and undamaged.

| FUSELAGE - FORWARD RIGHT SIDE b m o

Figure 2-1. Exterior Inspection Diagram
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ENTRANCE TO AIRPLANE _

CONTROL

o v Jm— E%; HANDLE
RELEASE T

ENTRAMNCE TO AIRPLANME
(STEP PROCEDURE) Emergency hydraulic turbine control handle—stowed,

A-C circuit breakers—in.
speed brakes overnide switch—NORM.
Afterburner nozzle override switch—AUTO.

WARNING Yaw damper and rudder trim switch—OFF.,

Stand clear of lodder and step when Airstart innition switch—OFE
operating step release. ' “ "

|. Operate step release handle to release board-
ing lodder and pop-out step.

Power control lever—OFF,

2. Pull canopy control handle (on left intake duct Power control lever grip—gunsight caged position.
beneath occess door) down to open canopy. Flaps control handle—UP.,
Tasis Seiely doc. Wing fuel dump switch—NOR

3. Ploce left foot on bottom rung of ladder. N LT Y AL E =] .

4. Grip duct plate with right hand. Engine fuel control switch—AUTO,

3. Grasp pop-out step with left hand, Fuel tank emergency selector switch—NOR.

6. Swing up to bring right foot 1o upper rung of P 3
ladder, meving right hand te canapy rail. Fuel Tank Pressure switch—QON,

7. Raoise left foot onto pop-out step. Wing fuel rtransfer switch—FIN & WING TRANS.

B. Grip windshield frame with left hand.

0: Swing tna ond snder: cocknli with riaht-fook: Oxygen supply control at regulator—ON; check regu-

lator and equipment.

CAUTION Armament master switch—OFF,

The boarding ladder and step cannot G e o 5

be stowed from the tockpir. Before un control switch—9AEE. ;

flight, be sure ladder and step are push- Landing gear control lever—DOWN.

ed in and stowed by ground crew. Rudder P[Id;[lj,,_,;]_djug[l

| Altimeter—set.

Clock—set.
Pneumatic pressure gage—2800 to 3000 F“‘E*

Figure 2-2. Entrance to Airplane Hydraulic system isolation control lever—TAKE-OFF
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LANDING.

5-2 compass!—SLAVED.

MA-1 compass=—SLAVED.

D-C circuit breakers—in,

Communication, navigation and IFF equipment—OFF,
Cabin pressurization—as desired.

Instrument power switch—EMERG.
AN/ARC-27TA—T/R or T/R+G.

¢. D-C power switch—BAT. & GEN.

MNote

Set d-c power switch to BAT. & GEN. (be-
fore connecting external power) to check bat-
tery. Voltmeter must read a minimum of 23
volts.

Instrument power switch—INORMAL.
Landing gear indicator—check down and locked.

External power and starter air supply—have ground
Crew connect.

Fuel master switch—ON; low pressure fuel pump warn-
ing light—observe. (Low pressure fuel pump warning
light will glow until fuel master switch is turned on.
The fuel master switch activates submerged electric
boost pump. When pressure builds up, light will go
out, If light does not go out, fueling station master
switch in right wheel well should be checked.)

Engine master switch—ON (high pressure fuel pump
warning light should glow).

Warning lights test switch—press (all warning lights
should glow except fire warning light).

Fire warning light circuit test switch—press (fire warn.
ing light should glow).

Fuel quantity indicator test switch—press (fuel quantity
indicator pointer and fuel balance indicator pointer
should move down scale; upon release, pointers should
return to their original positions).

Wing fuel indicator and fin fuel indicator—check (both

indicators should show “barber pole” position except
when completely full or empty).

Boost pump cut-off switch—press (low pressure pump
warning light should glow after 30-45 seconds).

Radio and navigation equipment—ON; IFF—STAND-
BY.

Yaw damper and rudder trim switch—ON,

INTERIOR CHECK—NIGHT FLIGHTS.

All the checks covered under INTERIOR CHECK—ALL

FLIGHTS apply here. Also, a check of the night

lighting provisions should be accomplished after external
power is connected,

a. Set respective instrument and console lights switches
to DIM and MED and check light intensities.

lﬁirplanc; BulNo. 138610a through 138645h,
= Airplanes BulNo. 141728¢ and subsequent,
* Airplanes BuNo. 141728¢ and subsequent.

NAVWEPS 01-B5FGG-501

b. Set emergency bright control switch to BRIGHT.
Check thart instrument and console lights become bright.
Return switch to NORMAL position.

¢. Set individual exterior lights switches to BRT and
set exterior lights master switch to its STEADY and
FLASH positions, pausing at each position to check

operation of exterior lights, Set individual exterior
lights switches to DIM and repcat check.

d. Set fuﬂelage lights switch to MAN, with master
switch set to STEADY or FLASH. Operate manual

keying switch and check that fuselage lights and keying
indicator light EI““' when keying switch is depressed_

e. Install antglare shield if desired.
f. Check operation of utility light.”

BEFORE STARTING ENGINE.

a. Check that personnel are clear of tailpipe and
intakes.

b. Check that starter rig is running and thac air
supply 1s available.

STARTING ENGINE.

PILOT CONTROLLED STARTS are recom-
mended. Electrical connection from the air-
craft  starter circuit external receptacle
AN3100-145-2P, located in the left wheel
well, to the gas turbine ground power unit
is to be made prior to starting to insure auto-
matic shut-off of the air supply at the correct
starter cut-out speed. HAND SIGNALS or
GROUND CONTROLLED STARTS are not
recommended for initiation and/or shut-off of
the ground air supply. Time delay inherent
in this method may result in overspeed of the
starter causing failure or damage. Failure of a
starter due to overspeed could be hazardous
to operating personnel. If automatic shut-off
of the air supply cannot be achieved due to
malfunction of equipment, pilots and crewmen
are cautioned that the starter air supply must
be manually shut off at a speed not to exceed
30% engine rpm. The control valve in the
gas turbine ground power unit WILL NOT
shut off the air supply automatically unless
the unit is connected electrically to the aircrafe
starting circuit.

a. Check that power control lever is at OFF.
b. Check that d-¢c power switch is at BAT. & GEN.

¢. Check that fuel master switch is set to ON.
d. Check that engine master switch is ON,
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e. Set engine fuel control switch to AUTO.

f. Move power control lever to START to initiate
engine cranking.

g. As soon as engine reaches 12 to 149, rpm during
the cranking operation, advance power control lever to
IDLE position.

Note
Higher rpm’s give cooler starts.

h. When light-off occurs, allow engine to accelerate
to IDLE rpm (42-449} rpm, maximum starting tail-
pipe temperature 800°C, maximum idle tailpipe tempera-
ture 660°C). If maximum temperature is antici-
pated or obtained, such as under hot ambient conditions,
retard power control lever as necessary toward OFF to
reduce starting fuel while monitoring exhaust gas temp-
eratures. After the exhaust gas temperature has dropped
from the maximum limit, advance the power control
lever carefully to IDLE, monitoring the exhaust gas
temperature to keep from exceeding the limit. On some
airplanes,! it 15 also possible to alleviate hot starts
by placing the exhaust nozzle override switch in the
OPEN position,

WARNING

EXTREME CAUTION should be used with
this method to insure the return of the over-
ride switch to the NORMAL position after
the engine has been successfully started.

If the power control lever is closed inadvert-
ently during engine operation, there will be an
immediate flame-out which will be impossible
to catch, regardless of how quickly the power
control lever is reopened. DO NOT TRY TO
REGAIN IGNITION BY REOPENING THE
POWER CONTROL LEVER since raw fuel
will be sprayed out of the tailpipe and create
a dangerous condition. A standard start or
relight procedure will be necessary to restart
the engine.

If tailpipe temperature exceeds 800°C, a hot
start has occurred—IMMEDIATELY close
power control lever. The cause of a hot start
should be ascertained and the possible resultant
damage should be surveyed before a restart is
attempted. If any start exceeds 900°C, a special
"hot section” inspection is required as outlined

in the Engim‘: Handbook of Service Instructions
(AN 02B-35AAC-2).

Note
If trouble is encountered while attempting to

' Airplanes BulNo. 141751d and subsequent.

Section i

start on AUTO, set engine fuel control to
MANUAL. After a successful start is accom-

plished on MANUAL, switch over to AUTO

when performing engine check (see Engine
Check paragraph).

1. Check high pressure fuel pump warning Eight off
before idle rpm is attained.

J]. Check o1l pressure gage for proper reading. (See
Section V for oil pressure limits.)

k. When rpm stabilizes in idle, disconnect external
power supply.

l. Extend flaps to provide maximum rudder pedal
travel to facilitate nose wheel steering.

FALSE S5TARTS.

If ]ight-up does not occur within 15 seconds after advanc-
ing power control lever to IDLE or if engine fails to
accelerate to idle rpm within approximately one minute
after light-up, proceed as follows:

a. Set power control lever to OFF,

b. Set engine master switch to OFF.

¢. When engine stops rotating, set fuel master switch
to OFF and investigate.

CLEARING ENGINE.

a. Set engine master switch to ON.
b. Set fuel master switch to ON.

c. Move power control lever outboard to START.
Do not advance power control lever.

d. Allow starter to operate engine at 12 to 149
rpm for 30 seconds to clear engine,

e. Set engine master switch to OFF to stop engine
cranking.

HOT STARTS.

A hot start is a condition occurring during a starting
attempt wherein the tailpipe temperature soars above
normal. It may be caused by a malfunction of the fuel
metering system or by faulty starting procedure, but it
is the direct result of one condition—an excess of fuel
in the combustion chamber. Use only the approved
starting procedure for starting the engine. When a hot
start occurs, observe the following procedure:

a, Set power control lever to OFF., This will cut off
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Figure 2-3. Danger Areas

NAVWEPS 01-B5FGG-501

| AFTERBURMER

OFF

L AFTERBURNER

ON

W

MAXIMUM EXHAUST
EAHAUST DANGER
TEMPERATURE AREAS

AFTERBURNER 130°F 100 FT
OFF

AFTERBURNER 150° F 200 FT
ON

fuel flow o engine, When engine rpm drops into
27-29%, range, starter will pick up the engine.

MNote

If the engine was below the 27-299, rpm range
during the start, the starter was still driving it.

b. Allow starter to rotate engine for 30 seconds to
clear engine,

c. Set engine master switch to OFF. When engine
stops rotating, set fuel master switch to OFF.

d. After investigation, if it has been determined thar
hot start was caused by other than a system malfunction,
attempt to restart. Any start exceeding B00®C must be
noted on the yellow sheet. If one start exceeds 900°C,
a special inspection is required as outlined in Hand.
book of Service Instructions for engine.

MNota

For procedure to be followed in case of fire,
see Fire paragraph, Section 111

RUNAWAY STARTS.

A runaway start is a rare occurrence, but can be en-
countered if the fuel control malfunctions or if a section
of the power control linkage is disconnected. In such
a case, the engine must be stopped by cutting off the
fuel supply from the tanks to the engine. This i1s done
by setting the fuel master switch to OFF (d-¢ power
switch must be set at BA'T. & GEN. or BAT. ONLY).

ENGINE GROUND OPERATION.

WARM-UP.
a, Allow engine to run at idling speed (42-487%
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rpm) for approximately 30 seconds, as a normal stabiliz-
ing period.

b. With power control lever set at IDLE, check
the following:

Tachometer—42-48¢, rpm.

Tailpipe temperature indicator—660°C maximum.
Oil pressure indicator—NORMAL.

(hl pressure warning light—out.

GROUND TESTS.

HYDRAULIC SYSTEM.

Check that flight and combined hydraulic system gages
each indicate 3000 psi.

FLIGHT CONTROL SYSTEMS CHECK.

FLAPS UP.

a. Operate rudder, stabilizer and flaperons to check
artificial feel systems. Observe movement of control
surfaces.

b. Set yaw damper and rudder trim switch to ON
and have grr_mnd crew check I}I!Erﬂti{]n of rudder trim.
Set o zero.

€. To check lateral trim system, move trim switch
on stick to left and right, holding stick fixed. Observe
change in stick force required. Repeat check, allowing
stick to move to left and right corresponding to trim
switch setrings.  Observe lateral trim position indicator
on stick and set lateral trim to zero.

d. To check longitudinal trim system, move trim
switch fore and aft, holding stick fixed. Observe change
in stick force required. Repeat check, allowing stick to
move fore and afr corresponding to trim switch settings.
Observe longitudinal trim position indicator and set trim
to five degrees airplane nose-up trim.

e. Set isolation system control lever to TAKE-OFF
LANDING, set flaps control lever to DOWN and check
that flaps go down.

FLAPS DOWN.

a. Check that flaperons automatically trail up to
six degrees.

b. Check that slats are extended.

¢. Check rthat aruficial feel remains same for lateral

and longitudinal control. Rudder pedal forces lighten
approximately 5097,

DIRECTIONAL CONTROLLER CHECK.

Have ground crew oscillate wing in yaw and check
rudder movement. Right wing forward should give a
small indication of right rudder, and vice versa, There
will be no movement of the rudder pedals.

FUEL SYSTEM CHECK.

a. Set fuel tank emergency selector switch to AFT
T'k. ONLY to check operation of engine fuel feed from
aft tank.

Section |l

b. Accelerate engine to 809, rpm.
¢. Check fuel tank pressure indicators ON.

d. Set fuel tank pressure switch to OFF. Note fuel

tank pressure indicators change to read OFF. Return
to ON.

e. Set fuel rank emergency selector switch to MAIN
TK. ONLY and operate for 30 seconds.

f. Return fuel tank emergency selector switch to NOR.

ENGINE CHECK.
AUTOMATIC FUEL CONTROL SYSTEM CHECK.

With engine fuel control switch set to AUTO,
accelerate from 479, to 1009 rpm on burst power con-
trol lever movement, Stall free accelerations should be
made in 15 seconds or less. Observe rpm and tailpipe
temperature during accelerations to 1009, (See figure
5-2 for exhaust gas temperature limitations.)

MANUAL FUEL CONTROL SYSTEM CHECK.

A complete check of the manuval fuel control system
should be made prior to each flight, after each periodic
maintenance inspection, and after each replacement of
an engine and, or fuel control system, as follows:

a. Return power control lever to IDLE following
engine check given above and allow rpm to stabilize,

b. Shift to manual fuel control. (Note if warning
light glows. A momentary engine surge should be

expected.)

¢. Slowly and smoothly increase rpm to maximum
power (MIL), while carefully monitoring tailpipe tem-
perature. Under sea level static conditions, with
manual fuel control system functioning properly, the
following rpm should be obtained:

Ambrent T emperature ¢ RPM
*C i (Minimeent )
38 100 08
16 ) 05

— 18 [ 01

Higher rpm wvalues are satisfactory, but 1019} rpm
should nor be exceeded,

d. Reduce rpm to IDLE.

e. Return fuel control switch to AUTO after rpm
stabilizes at IDLE. Warning light should go off. (A
momentary surge of rpm and tailpipe temperature may

accompany the rerurning aof the fuel control switch to
AUTOQ.)

ELECTRICAL SYSTEM CHECK.

GENERATOR CHECK.
With Engine id]ing. generator indicator Iight should be
out. Voltmeter reading should be 27.7 (:0.5) volts.

INVERTER CHECK.
Check that instrument power indicator light is out.
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RADIO CHECK.

Check communication and navigation equipment.

FLIGHT INSTRUMENTS.

Check 5-2 compass! or MA-1 compass® operation while
taxiing. See Flight Instruments paragraph, Section I,
for operation of the compasses. Erect attitude gyro.

TAXIING.

Taxiing is facilitated by the use of nose wheel steering.
The system has nose wheel travel 40° left or right of
neutral at maximum pedal deflection, making possible
sharp turns such as those required when maneuvering out
of or into a small parking spot. With nose wheel steer-
ing on and full pedal throw, the airplane appears to
pivot about a point directly beneath the inside wing
tip. It is possible to righten the turn past the 40° nose
whieel swivel by the use of differential wheel braking.
The nose wheel steering system may be energized at any
time while on the ground but will not engage unless
nose wheel position and rudder pedal position are com-
patible. If the nose wheel is in the 40° left or right
of neutral band, motion of the rudder pedals while the
system is energized will complete the engagement. If
the nose wheel is out of the 40° left or right of neutral
band, differential braking is required for steering.

To energize the system, either the nose wheel steering
switch (12, figure 1-7) must be actuated or the arrest-
ing hook must be extended.

MNote

Flaps must be down for adequate nose wheel
steering travel, as rudder pedal travel 15 re-
stricted by rudder stops when the flaps are up.

Nose wheel steering effectively reduces the degree of
physical effort required to operate the airplane while
taxiing. It also reduces the average power required for
taxiing from about 50-70¢% rpm to idle (approximately
42¢, rpm). The airplane’s response to steering control
is excellent and the pilot could become lulled into a false
sense of security at taxi speeds in excess of prudent
values, since these speeds could be attained at idle
power. To stop, apply brakes evenly. Restrict taxi time

to an absolute minimum, as fuel consumpuon during
grnund npl:-ratiun 15 Exc{'udingl}' high_

Reduce airplane taxiing speed before attempt-
ing a turn. The combination of power nose
wheel ﬁteering, narrow tread and soft shock
struts may result 1n a taxi accident if the air-
plane is turned at a high taxi speed.

LAwrplanes BulNo. 138610a through 138645b.
= Airplanes BuNo. 141728¢ and subsequent,
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BEFORE TAKE-OFF.
PREFLIGHT AIRCRAFT CHECK.

a. Control surfaces move freely.

b. Set attitude and directional gyros as desired. Check
operation,

¢. Check that both hydraulic pressure gages indicate
3000 psi.

d. Set air conditioning system manual control to
RAM AlR.

Note

Under certain atmospheric conditions of high
temperature and humidity, chiefly at low alti-
tudes, cockpit air conditioning system diffusers
will emit fog. If the system setting is on
COLD, this fog becomes thicker as the cockpit
temperature falls but can be eliminated by ad-

justing either the manual or automatic control
knob to HOT. The fog may be dense enough

to resemble smoke; therefore, to avoid cause for
undue alarm, until the pilot has become accus-
tomed to the characteristics of the air condi-

toning system, make take-offs with the manual
knob set to RAM AIR,

e. Oxygen on 1009,.
f. Yaw damper and rudder trim switch ON.
g. Recheck for proper trim settings.

h. Fuel tank pressure switch ON for feld take-offs:
OFF for carrier take-offs.

i. Canopy closed or as directed by local Standing
Operating Procedures for field take-offs; at pilot's dis-
cretion or as directed by local Standing Operating Pro-
cedures for carrier take-offs,

TAKE-OFF.

a. Complete take-off check list (figure 2-4).
b. Hold brakes and advance power control lever,

c. With engine at take-off rpm, release brakes and
begin take-off run,

d. Keep nose wheel on deck so that drag will he
held to a minimum. With full fuel load and recom-
mended longitudinal trim setting, control stick may be
kept in neutral. At low fuel loadings (aft cg) some
reduction in airplane nose-up trim may be required.

€. Maintain direction with nose wheel steering or
brakes and flaperons until rudder control becomes ef-
fective (60-70 knots IAS). A raised Aaperon adds drag
to assist braking on that side. Excessive use of brakes
or flaperons will increase take-off distance.

f. For minimum ground run distance: In order to
attain minmimum ground run distance given in figure A-S
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Figure 2-4. Take-off Check List

of Appendix I, raise nose wheel at five knots below lift-
off IAS given in table 1I-I. If minimum ground run
distance 15 not marginal, 1t 15 advantageous to take off
at a higher airspeed than minimum speeds given in table
II-1 in order to attain more positive control and a greater
arrspeed margin above stall (see Obstacle Clearance
paragraph, this secuon). For every 1 knot increase in
lift-off speed over minimum speeds in table 1I-1, ground
run is increased 29, above minimum ground run,

MNote

Raising the nose wheel too early increases the
drag and thus lengthens the take-off run.
Sufficient lateral control is available to fly airplane
safely after taking off with one wing tank full and one
empty.
g. Retract landing gear when definitely airborne
(retraction time approximately 10 seconds).

MNote

The landing gear is designed to retract
hydraulically up to 200 knots TAS.

h., Close canopy, if open.

i. Raise flaps above 180 knots 1AS.

I Set 1solation system control lever to FLIGHT.

k. Fuel tank pressure switch ON.

l. Accelerate to best chimbing speed. See figure A-6,
Appendix I,

m. For take-off emergencies, see Section 1lI.

OBSTACLE CLEARANCE.

Esumated total distances to clear an object are given in
figure A-5, Appendix I. See table II-1 for obstacle
clearance lift-off speeds. These distances are based on
a minimum ground run plus the following procedures:

a. Retract l:lrlding gear imrnr:diﬂtc]}' upon hn':runling
airborne.

b. After lifting-off, level out and accelerate rto
obstacle clearance airspeed (listed in table), then pull
up smoothly and climb out over obstacle, maintaining
a constant CAS until obstacle is cleared. (On a cold day
when available thrust 1s high, care should be taken not
to pull too tight a turn. Under these conditions, it may
be necessary to allow airplane to accelerate slightly while
pulling into climb in order to prevent stalling the air-
plane, Climb out is still done at a constant speed.)

c. After clearing obstacle, retract flaps above 180
konots 1AS and accelerate to best climb speed (see figure
A-6, Appendix L).

The total drag of the airplane rolling on the runway in
the three wheel actitude is less than the drag in flight at
the same airspeed. Therefore, the MINIMUM total
distance to clear an obstacle is attained by keeping the
airplane on the ground with the nose wheel down until
the obstacle clearance speed is reached, then pulling off
smoothly into a climb and maintaining a constant ait-
speed until obstacle is cleared. This procedure involves
a ground run approximately 209 longer than minimum

TABLE Il-I

LIFT-OFF AIRSPEEDS
Airplane  Minimum Obstacle
Weight Lift-off Clearance
(pounds) CAS (Eknots) CAS (knots)
22000 0 143 e
21000 139 152
20000 136 148
19000 123 144
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run, but results in a total obstacle clearance distance 5 to
109, less than that given in figure A-5, Appendix 1. At
high altitude and temperature conditions, this difference
may become significant.

CLIMB.

Climb at take-off rpm for tai!pipe temperature limits,
See hgure A-6, Appendix 1 for best climb speeds.

FLIGHT CHARACTERISTICS.

See Section VI,

SYSTEMS OPERATION.
See Section VI

DESCENT.

Utilize speed brakes to decelerate. Use of idle rpm
(power control lever at IDLE setting) during descent
will conserve fuel.

PRE-TRAFFIC PATTERN CHECK LIST.
Sce figure 2-5 for landing check list.

a. Set 1solatton system control lever to TAKE-OFF
LANDING.

b. Empty wing tanks.
¢. Check communication equipment.
d. Set wing tanks dump switch to NOR.

e. Check that fuel tank pressure switch 15 ON. See
Weight Limitations paragraph, Section V,
f. Extend arresting hook if required.

TRAFFIC PATTERN CHECK LIST.
(See figure 2-6.)
a. Lower landing gear when below 270 knots 1AS.

MAVWEPS D1-B5FGG-501

MNote

The nose wheel may not lock down at speeds
above 180 knots IAS.

If the speed brakes have been used to decelerate,
they will retract automatically when the landing
gear control lever 1s set to DOWN. Check
for retraction.

b. Lower flaps when below 270 knots 1AS.

¢. Depress brake pedals to check “feel.”
d. Check fuel quantity.

e. Check that shoulder harness and seat belt are
locked and tightened.

f. Canopy closed or as directed by local Standing Op-
erating Procedures for field landings; at pilot’s discretion
or as directed by local Standing Operating Procedures
for carrier landings.

LANDING.

For field landings, make final approach at 1259, of
power-off stall speed with wheels and flaps extended.
Avoid high rates of descent on final approach as the
airplane’s response to landing flare-out is slower than
that of a straight wing airplane, Touch down at 1159,
of power-oft stall speed. See table II-1I for normal held
landing airspeed and table II-111 for power-off stall
speeds,

MNote
Sufficient lateral control is available to land the
atrplane safely with one wing tank empty and
one full. For asymmetric flap or slat con-
ungencies, see Malfunction of Slats or Flaps
paragraph in Section IIL

Before
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Figure 2-5. Landing Check List
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LANDING PATTERN DIAGRAM

EMTER PATTERN AT PRESCRIBED ALTITUDE { T
AND SPEED. SET ISOLATIONMN SYSTEM *‘% . ——
CONTROL LEVER TO TAKE-OFF/LANDING

LOWER FLAPS I

LOWER LAMDING GEAR \“‘-——-h___ﬁ
NOTE
Speed Brokes will
retract automatical-
ly when landing
gear is extended,

Hoze

AFTER TOUCHDOWMN, DO
MOT APPLY BRAKES UNTIL
NOGE WHEEL 15 FIRMLY ON

ey THE RLUIMNWAY,

Figure 2-4. Londing Pattern Diagram
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Because of the slower accelerating character-
istics of the jet engine, the lﬂnding traffic pat-
tern should be made to permit engine operation

above 7047 rpm.

TABLE [I-1I
NORMAL FIELD LANDING AIRSPEEDS
~ Airplane  Normal - Normal
Werght Approach Touch-down
{ pounds) CAS (knots) CAS (knots)
- 18000 147 135
16000 138 127
14000 129 119

TABLE lI-1ll

POWER-OFF STALL SPEEDS
LOW ALTITUDE—LANDING CONFIGURATION

o e - —— ey T—— = =

Load Factor—I 0)

Gross Weight Airspeed
( pounds) (Enaots-CAS)
e - __519 A
15000 107
1 7000 114
19000 120

Brakes should be applied after the nose wheel has
contacted the runway. For extended tire life, use only
as much braking as necessary.

MNote

During initial roll-out, the flaps are reasonably
effective for decelerating if the nose of the

airplane 1s held high,
CROSS-WIND LANDING.

The airplane has excellent cross-wind landing charac-
teristics. The best approach technique consists primarily
of crabbing, and some slipping. The airplane should
be maneuvered out of the crab just prior to touch-down
and the upwind wing held slightly low. After touch-
down, the nose wheel may be held off if above 100 knots
and direction maintained with rudder. Lateral control
should be used to hold the wings level while the nose
wheel is off the ground. As soon as the nose wheel
is on the runway, alternate wheel braking action will
maintain direction. The narrow tread causes a fair de-
gree of heeling but this feels much worse than it actually
is. Nose wheel steering is excellent in cross winds. It
permits even braking and shorter stops. It should be
remembered that the rudder pedals must be aligned with
the nose wheel for steering engagement. The proper
technique is to depress the nose wheel steering switch
grip and then move the pedals to neutral, as they
probably are displaced for directional control.
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The rudder pedals may be neutralized rapidly,
but after nose wheel 5t¢ering 15 engaged,
exercise caution, as it 15 easy to overcontrol at

high speed.

If arresting hook is extended, either in trail
or stinger position, nose wheel steering will
become active as soon as the left wheel 1s
solidly on the ground.

With a small amount of experience, nose wheel steering
may be used safely during all normal ground roll speeds.

WAVE-OFF.

Remember that the jet engine will not respond as quickly
as a reciprocating engine, Maintain at least 709} rpm
while in the landing pattern to assist in making a rapid
wave-off.

a. Set power control lever full forward; because of
excessive fuel consumption, use afterburner only if neces-
sary.

b. Retract landing gear when climbing.

c. Raise flaps above 180 knots 1AS.

AFTER LANDING.

a. Leave flaps down for maximum nose wheel steer-
ing effectiveness.

b. If tailpipe temperature is high from hard taxi-
ing or stationary ground running, operate at 55-657
tpm for one minute.

SHIPBOARD OPERATING
PROCEDURE.

CATAPULT TAKE-OFF.

SPOTTING.

Catapule spotting can be effected by taxiing onto the
catapult from astern utilizing nose wheel steering or by
approaching the catapult from a shallow angle with steer-
ing being done externally with a nose wheel steering bar.
If the airplane is taxied onto the catapult from astern,
one of the dual nose wheels must run directly over the
shuttle ro avoid damage to the wheel rims, This require-
ment necessitates careful response to taxi director sig-
nals. If a nose wheel steering bar is used for spotting,
the pilot must avoid engaging the nose gear steering
system in order to permit turning of the wheels and to
avoid injury to personnel or damage to the steering bar
if the rudder pedals are moved.

The nose gear steering system cannot be dis-
engaged if the arresting hook is in the stinger
position as may occur during qualification
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periods when the airplane is spotted on the
catapult immediately after landing. The ar-
resting hook must be stowed before a nose
wheel Euide bar can be safel}' and EEHti"-’E[}"

used.

TRIM,

See table II-IV for trim settings for catapult take-off.
Longitudinal trim settings within the bands in table
II-1V are not critical and may be adjusted to the desires of
individual pilots as familiarity 1s gained with flyaway
characteristics. The settings are applicable for gross
weights from 17500 pounds to the maximum weight
attainable with permissible store loadings.

TABLE -1V

Predicted End Lmagﬂﬁdiuﬂf Trim  Lateral and

Airspeed Marks Nose-up  Directional Trim
5 o 30 Enuts 7 to 5-1/2 0
above minimum
0 to 5 knots 8 to 7 0

above mintmum

e — —

LAUNCH CHARACTERISTICS.

Catapult tracking characteristics for off-center launches
are excellent with no tendency toward directional oscil-
lations during the catapult power stroke. It 1s recom-
mended that the hook be stowed rather than left in the
stinger position to avoid possible fouling of the hook by
bridle arrester components and to insure disengagement
of nose gear steering during the power stroke. Nose-up
rotation 15 necessary following the launch because the
attitude of the airplane on deck will not permit level
flight ac launching speeds. The recommended trim set-
tings provide the necessary rotation. On launches at or
near minmum end airspeeds, marked settling may be ex-
pected to occur during the period that the airplane is
rotating to the level flight atticude and acceleration after
launch will be slow. Under this condition too rapid

rotation may result in heavy buffeting and can further
reduce the acceleration rate. At heavy gross weights

and high atmospheric temperatures, minimum catapult-
ing end airspeeds are governed primarily by the amount
of excess thrust available. Minimum catapult end air-
speeds and limiting temperatures are available in the
applicable aircrafe launching bulletin.

LAUNCH PROCEDURE.

Steps in pilot procedure for catapult take-off are as
follows:

a. Complete the take-off check list. Set longitudinal
trim setting for the predicted end airspeed.

b. When the airplane is tensioned on the catapult and

upon signal from the catapult officer, advance the power

control lever to MIL or AFTERBURNER and grasp
the mtapult handgripi

¢. Check all instruments and lights for proper indi-
cation,

Section |l

d. Place head firmly against headrest and feet against
lower portion of rudder pedals.

e. Signal the catapult officer when ready for launch-
ing. During the power stroke, the stick should be left
in the trim position. The hand may be left clear of the
stick until launch forces permit smooth application of
controls, Forward stick pressure followed by retrimming
will be required as the airplane accelerates after attain-
ing flight attitude. A clearing turn should not be
started until well past the bow.

To avoid excess fuel consumption, afterburner launches
should not be made unless required by overriding oper-

attonal considerations.

CARRIER LANDING (MIRROR).

PATTERN.

The carrier landing maneuver begins at 500 feet on the
down-wind leg parallel to the ship's course. All land-
ing check list items should be completed prior to reach-
ing the abeam position so that full attention can be
devoted to angle of attack, altitude and line-up. The
down-wind leg should be wide enough abeam to permit
an approach turn using a bank of 15 to 20 degrees. The
approach turn is started 3 to 5 seconds after passing
abeam the stern of the ship. At this point, a speed of
approximately 10 knots greater than the final approach
speed will eliminate the necessity for adding power
during a level approach turn. The turn should be planned
to facilitate intercepting the mirror glide path in a
wings level attitude at the recommended approach angle
of artack.

APPROACH AIRSPEED (ATTITUDE).

The recommended indicated angle of attack for carrier
approaches 15 20 units. This angle of attack will pro-
vide mirror approach speeds in the range indicated
in figure 2-7. In level (LSO) approaches, indicated
airspeeds will be 3 to 5 knots lower than in descending
approaches for a given indicated angle of actack.

FINAL APPROACH,

Simultaneous roll-out from the approach turn and start
of a descent require an rpm reduction of approximately
8%. In connection with power control, the position of
approach speeds on the back side of the power required
curve requires special consideration. A pilot unfamiliar
with operation in this region may find himself "hunting”
for the proper power setting as his carrier approach
develops. To slow from one stabilized speed to a new
lower speed, the power must first be reduced in order
to decelerate without climbing, and then increased be-
yond the original setting to maintain the new lower
speed. Following the normal tendency to use a lower
power secting to hold a new lower airspeed will result in
settling late in the approach and if carried too far,
can result in settling to a degrec where the thrust
available for correction is marginal. Operation in the
reverse slope of the drag curve results in increases in
airplane drag with increases in nose attitude which are
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Figure 2-7. Mirror Approach Speed Range

unusually high in relation to the associated increase
in lift. This characteristic requires judicious use of
power for control of the flight path as well as for anr-
speed condtol in mirror approaches.

Actuation of spoilers in the area of turbulence aft of
the island can induce settling which will be critical if
the appreach angle of attack is higher than that recom-
mended,

Early familiarity should be gained with the use of the
cockpit angle of attack indexer in landing approaches.
Within the permissible range of landing weights, the
angle of attack indexer provides the proper approach
speed regardless of gross weight variation when the
indexer is preset for the recommended approach angle of
attack, The position of the indexer on the forward
windshield frame relieves the pilot of frequent checks
of panel instruments and permits greater concentration
on line-up and the mirror. Approaches can be made
using the indexer alone for cockpit reference. The in-
dexer is especially helpful at night as light indica-
tions are apparent in the pilot’s peripheral vision while
keeping the deck and mirror under constant observation,

[ CAUTION i

Carrier landings on angled deck ships should
be made with particular attention to achiev-
ing a good line-up and aveiding landings with
right to left drift which, when associated
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with the increased run-out of angled deck ar-
resting gears, can result in the airplane coming
to rest in the port catwalk.

Burble effect, present under all wind condi
tions, produces a definite tendency for the right
wing to drop as the airplane approaches and
passes the round-down at the forward end of
the landing area on angled deck ships.

LANDING TECHNIQUE.

Landings following mirror approaches should be made
by maintaining the approach attitude and mirror glide
path to the deck. No attempt should be made to flare
landings. Nose-up rotation will not measurably affect
the sinking speed but can result in tmitial contact being
made by the skag which can drag arresting wires from
the _-,mldlng elements and reduce the probability of en-
gagement. Excessively tail-low landings will also result
in loads on the nose gear which exceed structural
limits. Power should not be reduced prior to com-
pletion of the landing run-out on angled deck ships.

The importance of holding the mirror glide path to the
deck is emphasized. Seemingly minor deviations from
the glide path can result in high sink speeds and re-
sulting destructive landing gear loads.

Directional stability during arrested landing run-out is
good with satsfactory resistance to rolling and yawing
effect of off-center landings. The nose gear steering
device has a definite steadying effect on run-out charac-
teristics.
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BOLTER.

If an arresting wire is not engaged, apply Military
thrust and rotate airplane to the rtake-off attitude.
Do not commence a turn until a definite rate of climb
has been established.

WAVE-OFF.

In event of wave-off, apply Military thrust and level
wings as soon as possible.  Wave-off characteristics
are satisfactory in the wings level condition and
mancuvering should be kept to a minimum until air-
speed has been increased. If afterburner thrust is
selected for wave-off, a delay in afterburner ignition
of at least 1.5 seconds must be expected.

DECK HANDLING.

Automatic engagement of the nose wheel steering sys-
tem while the arresting hook 1s down or in the stnger
position facilicates ease of handling while clearing
the landing area. The nose wheel steering sector (2-40°)
is not of sufficient magnitude to permit maneuvering on
and off side elevators without swivelling the nose gear
beyond -the steering sector limits. High power settings
and heavy brake pedal forces are required for steering
when the nose wheels are canted beyond the steering

sector limits and their use should be anticipated by
the pilot.

Section |l

CARRIER LANDING (LS0).

The carrier landing pattern used for an LSO approach
varies from the mirror pattern in that the approach turn
is started when abeam the LSO at an altitude of approxi-
mately 200 feet. In answer to the cut signal, lower the
nose to establish a definite rate of descent. Maintain

this descent attitude to the deck, making no attempr o
flare.

STOPPING ENGINE.

a. Retard power control lever to OFF from a stabi-
lized rpm, Immediately set d-c power switch to OFF to
conserve battery while engine is running down,

Note

Check thart the engine runs down freely. Engine
driven accessories will slow down the engine.
Any undue friction should be noticeable.

b. After engine stops rotating, set d-c power switch
to BAT. & GEN. and set fuel master switch to OFF.

c. After 10 seconds, set engine master and d-c power
switches to OFF.

BEFORE LEAVING AIRPLANE.

a. Set all switches off.

b. Close canopy, using handle on left side of fuselage,
after leaving the cockpit.

c. Be sure airplane is properly chocked.
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