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ADVANCE REVISION 

~ 0.5-.5C-l 

PILOT'S OPERATING INSTRUCTIONS 

SABRE 2 & 4 

17 Aug 54 

"Thi e: ls an Advance Revision to EO 0.5-.5C-l dated 31 Dec .53 
revised 19 Mar 54 0 carrying the full authority of AFEOs. 
This format is adopted to provide holders of the subj ect 
E .. O, with advance notice of important amendments that 
will be included in a regular revision at a later dat e. " 

35 Sudden loss of fuel pressure and a decrease in engine rpm indicates 
failure of some portion of the main fuel control sys tem and necessitates 
switching to the emergency fuel control system for cont i nued operation. 
In order to switch safely from the main to the emergency fuel system~ 
either the emergency system must be turned on before engine r pm drops 
below 80% rpm 0 or the throttle control mus t be ret arded t o I DLE 0 the 
emergency system · swi tched ON. and the throttle control re-advanced 
slowlyn In an emergency where time does not permit this procedure p 
the emergency :system may be switched ON if the power lever posit i on is 
retarded to a point where the power called for by its position is less 
than that being obtained from th~ engine. A slow acceleration must be 
made at all times when the emergency system is ONo 

WARNING 

Do not turn on emergency fuel switch if rpm is below 
8(1/, without first following t he procedure outlined above. 
To do so may cause dangerous engine overheating or 
compressor stall. 

CAUTION 

No automatic engine overspeed protection is provided 
when the emerge11cy fuel control system is being us':ld 
and throttle movement must be smooth and gradual to 
avoid ,flameout or engine overspeeding , particularly 
at high altitudeso 

I SSUED ON AUTHORITY OF THE CHIEF OF THE AIR STAFF 
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NOTES TO USERS 

1 This publication is divided into four parts: 
Description, Handling, Emerg ency Handling 
and Operating Data. 

2 PART 1 - DESCRIPTION of the controls 
and equipment with which the pilot should be 
acquainted. 

3 PART 2 - HANDLING describes the nor-
mal handling of the airplane by the pilot. 

4 PART 3 - EMERGENCY HANDLING des­
cribes the emergency handling of the airplane 
by the pilot. 

5 PART 4 - OPERATING DATA gives the 
flying and engine limitations and includes in­
formation on fuel consumption, range and en­
durance under various conditions of flight. 

6 These notes are complementary to EO 
05-1-1 - Pilot's Operating Instructions General 
and assume a thorough knowledge of its con­
tents. 

7 In the text, words written in capital 
letters indicate actual markings on the controls 
concerned. 

8 Comments and suggestions .should be 
forwarded through the usual channels to Air 
Force Headquarters. 
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Figure 1-1 Sabre Aircraft 
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PART 1 

DESCRIPTION 

INTRODUCTION 
Gen eral 

1 Th e S a br e M K 2 and M K 4 ai rcraft is a 
sing l e place, jet-propelled monoplane , char­
acterized by a swept-back wing and emp enna g e. 
D esigned primar ily as a hi gh- s peed, hi gh­
altitud e f i ght e r, theaircraftmayalsobeused to 
a ttack ground or naval objectives with gunfi r e, 
bombs, chemical s a n d roc ke ts. The pilot i s 
protecte d fore and aft by a r mour - p lat e bulk­
head s. Th e hor izontal s tabilizer c ontrol s a r e 
also pr ote cted by armour - p lat e betwee n th e 
normal and alt e r nate hydraulic sys tem s at th e 
hor izo nt al::;tabilizer. (S eci·gures 1 - land 1-2.) 

jet engine, model J -47-GE- 13, providing 
approximately 520 0 pounds of static thrust. A n 
electric starter is provi ded which ope r ates on 
an external source of power only. 

2 

LEAD ING PARTIC ULARS 
D imensions 
3 T he o verall din,en sions of the aircraft 
are as follows : 

(a ) W in~~ span 3 7 .l fee t 

(b) Len n th 
"' 

37.Sfeet 

Th e powe r plant is an axial - flow , turbo - (c} H eigh t 14 . 7 feet 

EJECTION SEAT 

J47 ENGINE 

SPEB> BRAKE 

LEADING EDGE SLATS 

Figure 1 - Z General Arrangement 
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VALVE AND 
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TANK 

DIVE VENT AND 
CHECK VALVE rn 
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ALCOHOL 
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FORWARD 
FUSELAGE 
CELL 

CENTER 
WING CELL 

AFT 
FUSELAGE 
CELL 

TRANSFER 
PUMP 

NOTE: For•ard f uselage ee l I 
drains into center wing eel I 
through interconnectors in 
bottom of ce 11 . 

TANK 

,:;r ... ---,W.---- PRf:SSURE DIFFEREC'TI ~L 

m 
Ii 

2 

DE-ICE 
SHUTOFF 
VALVE 

I • 
I CHECK V.\LVE 

/ 
I / 

FILTER 

F I LTLR OE-ICE PUMP I // 
DRAIN I / 

~-------~/ 
WARNING I BUTTON 
L!GITT L __________________ _ 

- NORMAL FUEL ROW 

[:=::J RJB. TRANSFER 

- AIR PRESSURE 

- ALCOHOl.flLTBI DE-ICE 

ELECTRICAL CONNECTIONS 

I .. I CHECX VALVE 

AJRPLA:'<"ES 19102 TO 194S2 

AIRPLAXES 19201 AXDSUBSEQUENT 

l\.lRPLASES 1945} 'u"'{D SUS.SE.QU ENT 

I 
I I , _______ J 

SUPPLY TO ENGINE 
FUEL CONTROL SYSTEM 

Figure 1-3 (Sheet I of 2) Fuel System 

RESTRICTED 

S\\'ITC!t 

~ RELIEF VALVE 

DRAIN 



.. 
FROM 

RESTRICTED 
EO 05-SC- l 

FUEL SUPPLY 

SHUTOFF 
VALVE 
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Weight 
4 Approximate weights are as follows (see 
EO 05-5C-8 for actual weights): 

(a) Basic weight (no fuel, oil, ammunition 
or pilot) 11, 100 pounds. 

(b) Clean aircraft loaded (including internal 
fuel, oil, ammunition and pilot) 14, 640 pounds. 

(c) With two lOOimperial (120 U.S.) gallon 
drop tanks (including full fuel, oil, ammunition 
and pilot) 16,480 pounds . 

(d) With two 167 Imperial (200 U.S.) gallon 
drop tanks (including full fuel, oil, ammunition 
and pilot) 1 7, 7 50 pounds. 

COOLl"G AIR fURB INE 
OIL RESER VO!R ---------, 

Fuel Cell and Oil Tank C apacities 
5 Capacities are as f ollows: 

(a) Total availa ble i n ternal fuel is 36 2 
Imperial (435 U. S.) ga llon s. 

(b) Total fuel with 100 Imperial ( 120 U.S . ) 
gallon drop tanks installed is 562 Imperial 
(675 U.S.) gallons. 

(c) Total fuel with 16 7 I mperial (200 U . S .) 
gallon drop tanks installed is 696 Imp erial 
(835 U.S . ) gallons. 

(d) O n aircraft 191 0 2 t o 19452 the a pprox­
imate oil tank capacity is 4 . 7 Imperial (5 . 7 U .S. ) 
gallons, and expansion space a pproximately. 95 

ENGI NE OIL TANK 

BATTERY 

4 

OXYGE 
VALVE 

FI.LLER [D 

GUN CHARGER AIR FI.LLER 
VALVE ANO GAUGE [!) 

FLIGHT CONTROL NOR MAL 

,---,-..:::.:..........a.._--l~9"'+-,~ FLIGHT CONTR OL NORMAL 

EXTERNAL POWER 
RECEPTACLES---- -' 

CENTER WING FUEL TANK 

(FILLED THROUGH FORWARD 

FUSELAGE TANK) 

HYDRAULIC SYSTEM 

ACCUMULATOR 

FLIGHT C ONTROL EMERGENCY 

HYDRAULIC SYSTEM ACCUMULATOR 

ill (ONE IN EACH SPEED BRAKE WELL) 

l!J BOTH IN RIGHT SPEED BRAKE WELL 

--L 

LEFT WING FUEL TANK 

AFT FUSELAGE FUEL TANK 

ill AIRCRAFT I910Z TO 1945Z 

rn AIRCRAFT 19201 AND SUBSEQUENT 

l!J AIRCRAFT 19453 AND SUBSEQUENT 

NOTE: WHEN REFUELING. Fl.LL FORWARD 

FUSELAGE TANK FIRST 

Figure 1-4 Servicing Diagram 
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Imperial ( 1. 15 U.S. ) gallon. On aircraft 19453 
a nd subsequent the maximum o il tank capacity 
is approximately 2. 9 Imperial (3. 5 U . S.) gallons 
with an expansion space of approximately . 8 
Imperial ( 1. 0 U.S.) gallon. 

NOTE 

All tanks , irrespective of their capacity, 
will be filled to 2. 9 Impe rial (3. 5 U.S.) 
gallons only. 

FUEL SYSTEM 
G eneral 
6 Five self-sealing fuel cells are installed; 
two in the fuselage, one in the centre wing 
section, and one in each outer wing panel (se e 
figure 1 - 3). Fuel is supplied to the engine from 
the centre wing cell which receives fuel from 
other cells by gravity feed . Flow from the rear 
fuselage cell is aided by a transfer pump which 
is actuated when the level in the centre wing 
cell drops below approximately 46 Imperial 
(56 U . S.) gallons . A 100 Imperial (120 U.S.) 
gallon or a 167 Imperial (200 U.S.) gallon drop 
tank may be installed under each outer wing. 
Compressed air from the engine compressor 
section forces fuel from the drop tanks to the 
forward fuselage cell, through a fuel level con ­
trol valve, when the fuel level in the fuselage 
cell decreases by 4 Imperial (5 U.S . ) gallons. 

7 There are individual filler points for each 
tank except the centre wing tank, which is filled 
through the forward fuselage tank. The fuel 
filler access doors cannot be closed unless the 
fuel tank filler caps are screwed in the locked 
position. When refuelling, the forward fuselage 

cell must be filled first in order to utilize the 
full capacity of the fuel system. If the wing 
tanks or the aft fuselage tank are filled first 
fuel from these tanks will slowly drain into the 
centre wing tank while the forward fuselage 
tank is being serviced. 

Fuel Grade and Specifications 
8 Recommended fuels are 3-GP-23a (Grade 
JP-1, MIL-F-5616) 8. 15 pounds per Imperial 
gallon; 3-GP-22a (Grade JP-4, MIL-F-5.624A); 
7. 8 pounds per Imperial gallon, and 3-GP-25b 
(MIL-F-5572A, Grade 100/ 130) 7 . 2 pounds per 
Imperial gallon. For servicing diagram, see 
figure 1-4. 

Fuel Quantity Gau ge 
9 A fuel quantity gauge, (s ee figures 1-5, 

1-6, and 1--7) indicating total inte rnal fuel i n 
gallons, is located on the instrument panel. No 
gauge is provided for the drop tanks. During 
take off, with drop tanks full, the fuel quantity 
gauge normally will indicate a decrease until 
drop tanks begin to transfer fuel. At full power, 
fuel may be used at a greater rate than fuel is 
being transferred from the drop tanks. 

10 On aircraft 19171 and subsequent the 
liquidometer type fuel quantity system is re­
placed by the liquidensitometer type s y stem. 
Th e densitometer system incorporates a 
guarded selector switch on the right aft con­
sole . Wh en the guard is down, the switch is at 
IN (normal position) and th e fuel quantity gauge 
will show the total fuel supply in pounds, cor­
rected for any variation in fuel density. Wh e n 
the guard is raised and the switch moved to 
OUT, the system is adjusted to permit uncom­
pensated gauge readings . This latter condition 
is used when a standa rd ind ic a tion of quan tity , 
such as a full condition after refuelling, is 
desired. 

Fu el Flowmeter and Totalizer 
11 The fuel flowmeter on the instrument 
panel shows the rate of fuel flow in pounds per 
hour and includes a totalizer dial which indic­
ates the number of pounds of fuel remaining . A 
knob on the flowmeter is used to preset the 
totalizer to correspond to the total pounds of 
fuel in the tanks before take-off. On aircraft 
19102 to 19170 inclusive, which have the fuel 
quantity gauge calibrated in gallons, the fuel 
total, including that in the drop tanks, must be 
converted to pounds before the totalizer is set. 
On aircraft 19171 and subsequent, the totalizer 
must be preset to agree with the quantity gauge, 
including also whatever poundage is in the drop 
tanks. 

12 The totalizer dial of the fuel flowmeter 
should not be relied upon for accurate indicat­
ions of fuel remaining because of errors 
inherent in the instrument. Instrument errors 
are due to temperature variations and chemical 
make-up of the fuel. Accurate indications of 
internal fuel remaining can be obtained onl y 
from the fuel quantity gauge. 

Booster Pumps 
13 Two booster pumps in the centre wing 
cell are energized during starting when external 
power is connected, or when the en g ine m as ter 
switch is ON and the throttle control lever 
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1 Airspeed indicator. 
2 Gyro compass. 
3 Rate of climb indicator. 
4 Artificial horizon. 
5 Tachometer. 
6 Emergency flight control indicator. 
7 Tailpipe thermometer . 
8 Cabin thermometer. 
9 Take-off position indicator light. 
10 Fire warning lights. 
11 Fire warning lights test button. 
12 Magnetic compass. 
13 Magnetic compass light switch. 
14 Cabin altimeter. 
15 Fuel contents gauge. 
16 Oil pressure gauge. 
1 7 Fuel flowmeter. 
18 Fuel pressure gauge. 

RESTRICTED 
EO 05-5C- l 

19 Hydraulic pressure selector. 
20 Hydraulic pressure gauge . 
21 Oil temperaure indicator. 
22 Clock. 
23 Turn and bank indicator. 
24 Generator off warning light. 
25 Loadmeter. 
26 Voltmeter. 
27 A. C. power failure warning light . 
28 Generator overvoltage warning 

light. 
29 Altimeter 
30 Machmeter. 
31 Landing gear emergency up button. 
32 Radio compass. 
33 Accelerometer. 
34 Fuel filter de-ice button. 
35 Fuel filter ice warning light. 

6 

Figure 1-5 Cockpit-Forward View (Aircraft 19102 to 19121, 19123 to 19140) 
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1 Fuel filter de-ice button. 
2 Fuel filter ice warning light. 
3 Airspeed indicator. 
4 Accelerometer. 
5 Instrument power selector. 
6 Hydraulic pressure gauge. 
7 Radio call. 
8 Gyro syn compass. 
9 Emer gency hydraulic light. 
10 Hydraulic pressure gauge selector 

switch. 
11 Oil pressure gauge. 
12 Take -off position indicator light. 
13 Tailpipe thermometer. 
14 Fuel pressure gauge. 
15 Fire warning lights. 
16 Fire warning lights test button. 
17 Magnetic compass. 
18 Magnetic compass light switch. 
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19 Tachometer. 
20 Artificial horizon. 
21 Hydraulic hand pump . 
22 Fuel flow meter. 
23 Cabin pressure gauge . 
24 Fuel contents gauge . 
25 Rate of climb indicator. 
26 Turn and bank indicator. 
27 Clock. 
28 Altimeter. 
29 Loadmeter (ammeter) 
30 Generator off warning light. 
3 1 Voltmeter. 
32 Machmeter. 
33 Landing gear control handle. 

PART 1 

34 Landing gear emergency up button. 
35 Radio compass. 
36 Parking brake handle. 
37 Auxiliary instrument panel light. 

Figure 1-6 Cockpit-Forward View (Aircraft 19122, 19141 to 19452) 
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1 Accelerometer. 
2 Airspeed indicator. 
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15 Fire warning lights test button. 
16 Tachometer. 

3 Main instrument inverter off warning 1 7 Artificial horizon. 
18 Fuel flowmeter. light. 

4 Hydraulic pressure gauge. 
5 Both instrument inverter off warning 

light. 
6 Hydraulic pressure indicator selector 

switch. 
7 Radar inverter off warning light. 
8 Emergency hydraulic light. 
9 Gyro compass. 
10 Oil pressure gauge. 
11 Take -off position indicator light. 
12 Tailpipe thermometer. 
13 Fuel pressure gauge. 
14 Fire warning lights (fwd and aft). 

19 Cabin pressure gauge. 
20 Fuel contents gauge. 
21 Rate of climb indicator. 
22 Turn and bank indicator. 
23 Clock. 
24 Altimeter. 
25 Load meter. 
26 Generator off warning light. 
27 Voltmeter. 
28 Landing gear control handle . 
29 Machmeter. 
30 Landing gear emergency up button. 
31 Radio compass. 

Figure 1-7 Cockpit - Forward View (Aircraft 19453 and Subsequent) 
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1s moved outboard from the OFF position to 
pass the idle stop. The pumps are turned 
off when the throttle is moved inboard to the 
OFF position . 

14 The booster pumps and transfer pumps 
in the aft f{iselage cell may be tested on the 
ground by means of three switches, two in the 
left wheel well and one in the right wheel well. 

Shut-off Valve 
15 The fuel shut-off valve, located upstream 
of the filter, is controlled through the engine 

master switch. 

Engine Fuel Stopcock 
16 The engine fuel stopcock is cont rolle d by 
the throttle control. Movement of the throttle 
control lever from OFF to IDLE opens the 
stopcock. 

Drop Tank Pressure Shut-off Valve 
17 A d rop tank pressure shut-off valve is 
located on the left aft console. (See figures 
1-8, 1-9 and 1-10.) When the valve is turned 

ON, both drop tanks are pressurized by air from 
the engine compressor section. Since there is 
no quantity gau g e to show when the drop tanks 
are empty, the pressure shut-off valve should 
beONatalltimesinflight, w hen the drop tanks 
are installed, to ensure that all fuel in the drop 
tanks is used. 

Drop Tank R elease 
18 The drop tanks maybe released simultan­
eously by means of the normal bomb release 
system or both tanks can be jettisoned simul­
taneously by operation of the bomb-rocket-tank 
salvo switch. On aircraft 19301 and subsequent 
the emergency jettison handle may be used to 
release both tanks simultaneously. 

Fuel Filter De -ice Button 
19 The fuel filter de-ice button, located 
adjacent to the filter de-icer warning light, is 
depressed to start the electric pump and open a 
shut-offvalve to allow alcohol to be pumped to 
the low pressure fuel filter. The de-ice button 
must be held in to operate the pump and hold the 
shut-off valve open until the filter is de-iced , 
which is indicated by warning light going out. 
Do not operate for more than 15 seconds at a 

time. 

OIL SYSTEM 
General 
20 Lubrication is provided by a pressure-

type oil system with scavenge pump return to 
the oil tank located at the forward right side of 

the engine. 

21 Oil Specification: MIL-0-6081A, Grade 
1005 for all weather conditions. 

Oil Pressure and Oil Temperature Indicators 
22 An electric oil pressure indicator and a n 
oil temperature indicator, the latter installed 
on aircraft 19102 to 19121, 19123 to 19140 
only, are located on the instrument panel. For 
desired readings, refer to Part 4. 

HYDRAULIC SYSTEMS 
General 
23 The aircraft is equipped with four separ ­
ate h yd r aulic systems , a utility hyd r aulic 
system, an emergency utility hydraulic system, 
a normal flight control hydraulic system, and 
an alternate fli ght control hydraulic system, 
(see figures 1-1 5 and 1 - 16). The se system s 
are of the closed- centre , constant-pressure 
type . The normal flight control hyd raulic sys -
tern supplies hyd r aulic p ower for operation of 
the ailerons and the cont rollable horizontal 
tail. 

Utility Hydraulic S ystem 
24 The utility hydraulic system is a co n stant­
pressure system incorporating a variable ­
output pump. An accumulator for pres su r e 
storage is provided for the opera tion of the 
speed brakes only. The system supplies power 
for operation of landing gea r, speed brakes, 
nose wheel steering , and wheel brake control 
boost. Operating speed brakes and landing gear 
on a constant-pressure-type system makes it 
unnecessary to return controls to neutral after 
each operation. The neutral position provided 
for each control should be used, however, as 
this will isolate the individual systems from the 
pressure supply and prevent loss of fluid in 
case of a damaged line. 

Emergency Utility Hydraulic System 
25 O n aircraft 19102 to 19452 inclusive, the 
emergency utility hydraulic system consists 
ofa reservoir, ·selector valve and hand pump. 
The system provides a means of supplying 
pressure to the utility system with a hand-pump 
located on the right side of the cockpit. On 
aircraft 19453 and subsequent, the hand-pump 
and reservoir are replaced by a hydraulic 
accumulator. 
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1 L. H. circuit breaker panel. 
2 A_mmunition heat emergency shut-off. 
3 Cockpit air outlet. 
4 Windshield de-ice control. 
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18 L. H. Forward console. 
19 Oxygen regulator. 
20 Magnetic compass correction card. 
21 Speed brake emergency control. 

5 Canopy de -frost control and floodlight 22 Flap control lever. 
control rheostat. 

6 Rocket release indicator. 
7 Rocket re-set knob. 
8 Alternate bracket for instrument flood-

light. 
9 Speed brake control s witch. 
10 A- ICM sight gyro caging button . 
11 Microphone button. 
12 Emergency fuel switch. 
13 Emergency fuel switch decal. 
14 Longitudinal trim switch (alternate) 
15 Canopy switch. 
16 Parking brake handle. 
1 7 Landing gear control handle. 

23 Throttle friction wheel. 
24 Throttle. 
25 Power control switch (flight control 

hydraulic systems). 
26 Rudder trim switch. 
27 Lateral trim switch (alternate). 
28 Cockpit air temperature control rheostat. 
29 Cockpit pressure control lever. 
30 Air outlet selector control. 
31 Cockpit air temperature control switch. 
32 Ammunition compartment overheat 

warning light. 
33 Drop tank pressure shut-off valve. 
34 Anti-G suit valve. 

10 

Figure 1-8 Cockpit-Left Side (Aircraft 19102 to 19121, 19123 to 19140) 
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1 L. H. circuit breaker panel. 
2 Ammunition heat emergency shut-off. 

3 Cabin pressure control lever. 

4 Auxiliary console light. 
5 Cabin conditioned air outlet. 
6 Windshield de-ice control. 
7 Auxiliary canopy de-frost control. 
8 Floodlight control rheostat. 
9 Rocket setting indicator. 
10 Rocket projector release control. 
11 Speed rate control switch. 
12 A- lCM sight gyro caging button. 
13 Alternate instrument floodlight position. 

14 Emergency fuel switch. 
15 Longitudinal trim switch (alternate). 

16 Emergency speed brake control. 

17 Microphone button. 

18 Throttle. 
19 Flap control lever. 
20 Power controls switch (flight control 

hydraulic systems). 
21 Laternal trim switch (alternate). 

22 Rudder trim switch. 
23 Cockpit temperature control. 
24 Cockpit temperature switch. 
25 Air outlet selector control. 
26 Ammunition compartment heat 

warning light. 
27 Drop tank pressure shut-off valve. 

28 Anti-G suit valve. 

Figure 1-9 Cockpit-Left Side (Air c raft 191 22, 19141 to 19452) 
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L. H . circuit breaker panel. 
2 Arnmunition heat eme r ge ncy shut-off. 
3 W indshield de-ice overheat warnin g li ght. 
4 Auxiliary console light. 
5 Cockpit ai r outlet. 
6 W indshield de-ice control. 

7 Speed brake control switch. 
8 Instrument floodligh t socket. 
9 Rocket projector release control indicator. 
IO Rocket projector release control. 
11 A-ICM sight g yro caging button. 
12 Microphone button. 
13 Emer gency fuel switch . 
14 Emer gency fuel switch decal. 
15 C anopy switch. 
16 Tow target jettison switch. 
I 7 Pitot heater switch. 
18 Landin~ ~ear position indicator . 
19 L . H. forwa rd console. 
20 LanJing an.J taxi lights control switch. 

21 L anding gear control handle. 
22 Emer ge nc y manual jettison handle . 
2 3 Bomb , rockets, tank salvo switch. 
24 Oxygen regulator. 
25 Magnetic compass cor rectio n card . 
2 6 Emer gency speed brake control. 
27 Flap control lever. 
28 Throttle friction wheel. 
29 Throttle. 
30 Hydraulic change-over reset switch. 
31 Longitudinal trim switch. 
32 Rudder trim switch. 
33 Lateral trim switch. 
34 Pressure differential switch . 
35 Air selector and temperature control. 
3 6 Cockpit air temperature control rheo stat. 
37 Cockpit air temperature control switch. 
38 Ammunition compartment overheat 

warning light. 
39 Drop tank pressure shut-off valve . 

Figure 1 - 10 Cockpit-Left Side (Aircraft 19453 and Subsequent) 
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1 Circuit breaker panel. 
2 Extension li ght. 
3 Extension li ght switch. 
4 l;lstrument panel li ght control. 
5 Range sweep control. 
6 IFF radar control panel. 
7 Radio compass control panel. 
8 Air outlet valve. 
9 Instrument panel flood li ght. 
10 Radio frequency control. 
11 VHF radio control panel. 
12 Right forward circuit breaker panel. 
13 Emergency hydraulic hand pump. 
14 Right forward console. 
15 Magnetic compass light switch. 
16 Magnetic compass. 

Figure 1-11 Cockpit-Right Side (Aircraft 19102 to 19121, 1912 3 to 19140) 
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I R.H. circuit breaker panel. 
2 Extension light. 
3 Liquidensitometer switch. 
4 Extension light switch. 
5 Instrument ring lights rheostat. 
6 I FF radar control pan~l. 
7 Radio compass control panel. 
8 Auxiliary floodlight. 
9 VHF radio control panel. 
l O Auxiliary console light. 

Figure 1-12 Cockpit-Right Side (Aircraft 19122, 19141 to 19200) 
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4 
5 
6 
7 
8 

Magnetic compass. 
Magnetic compass light switch. 
Right forward console. 
VHF radio control panel. 
Auxiliary panel light. 
Auxiliary console light. 
GBR sight test plug. 
IFF radar control panel. 
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9 Instrument panel lights dimmer control. 
10 Extension light. 
11 Right circuit breaker panel. 
12 Liquidensitometer switch. 
13 Radio compass control panel. 
14 Radio frequency card. 
15 Hydraulic emergency hand pump. 
16 Landing gear emergency instructions. 

Figure 1-13 Cockpit-Right Side (Aircraft 19201 to 19452) 
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1 Manual hydraulic change-over handle. 10 Instrument primary light control rheostat. 
2 Magnetic compass. 11 IFF radar control panel. 
3 Right forward console. 12 Instrument auxiliary light control rheostat. 
4 VHF radio panel. 13 Cockpit lights rheostat panel. 
5 Auxiliary instrument floodlight. 14 Console and panel light control panel. 
6 Radio panel light. 15 Extension light. 
7 Radio compass control panel. 16 Three phas e inverters circuit breaker 
8 Light support socket. panel. 
9 GBR sight test pluQ'. 17 Right circuit breaker panel. 

Figure 1-14 Cockpit-Right Side (Aircraft 19453 and Subsequent) 
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Figure 1-16 Flight Control Hydraulic System 
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Hydraulic Emergency Selector Valve 
26 The hydraulic emergency selector valve 
is installed on aircraft 1910 2 to 19452 inclusive, 
and is located at the bottom of the centre ped­
estal, (see figure 1-17). With the valve at 
NOSE GEAR position, the hand-pump can be 
used to supply pressure to extend and latch the 
nose gear. At GND TEST position, the hand­
pump can be used to supply pressure to the 
entire utility system, and must be used on the 
ground only. The third position is OFF, which 
is the normal flight position. On aircraft 19453 
and subsequent, the hand-pump has been re­
moved and pressure is supplied from an acc­
umulator. 

Hydraulic Pressure Gauge and Pressure 
Gauge Selector Switch 

27 A three-position toggle switch marked 
UTILITY, NORMAL (flight control) and EMERG 
(flight control), selects pressure gauge read­
ings for the corresponding systems. For 
ordinary flight conditions the switch should be 
kept at NORMAL. Both switch and gauge are 
located on the main instrument panel. 

Normal Flight Control Hydraulic System 
28 . The flight control normal hydraulic sys -
tern (see figure 1-16), supplied by an engine­
driven pump, operates the ailerons and the 
controllable horizontal tail. 

Alternate Flight Control Hydraulic System 
29 The alternate flight control hydraulic 
system is supplied by an electrically-driven 
hydraulic pump connected to the aircraft battery 
bus and is automatically engaged when external 
power is applied for starting. The alternate 

Figure 1-17 Lower Centre Pedestal 

hydraulic system is incorporated into the ail ­
eron and controllable horizontal tail control 
system in such a way that in the event of a 
loss of pressure in the normal system, th1:! 
independent alternate systems, operating from 
a separate reservoir, will automatically be 
engaged. No single hydraulic failure can cause 
failure of both systems, as the normal and 
alternate systems are independent. The alter­
nate system may be manually selected by the 
flight control switch and, by the emergency 

override handle. 

NOTE 

Because o.t the lower output of the alter­
nate pump, control movements should be 
held to a minimum to avoid the possibil­
ity of exhausting hydraulic accumulator 
pressure supply while operating on alter ­
nate system. 

Flight Control Switch (Flight Control 
Hydraulic Systems) 

30 A three-position flight control switch on 
the left console provides a means of manually 
changing from the normal to the alternate flight 
control hydraulic system. With the switch in 
the NORMAL position (engine running). the 
normal system supplies pressure to the flight 
controls, and the alternate system will cut in 
automatically should the normal system fail. 
With switch in the EMERGENCY Ol'f position on 
aircraft 19102 to 19452, and on aircraft 
19453 and subsequent in the ALTERNATE ON 
position, the normal system pressure is by­
passed through the hydraulic by-pass valve, 
and the alternate system supplies pressure to 
the flight controls. The RESET position de -
energizes the normal system by-pass valve and 
the alternate system shut-off valve, allowing 
them to return to the normal position (normal 
system operating). This position of the flight 
control switch must be used whenever a switch­
over from alternate to normal system is de­
sired. On aircraft 19102 to 19200, pressure in 
the normal system is zero when the emergency 
or alternate system is on. It is therefore 
necessary to hold the flight control switch at 
RESET until the pressure in the normal sys­

tem has built up to 1000 psi to ensure a switch 
over to the normal system. When the engine 
is not operating, the alternate system can be 
checked with an external source of power. To 
check transfer of the normal system to the 
alternate system and operation of the by-pass 
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Figure 1-18 {Sheet l of 2) Electrical Power Distribution 
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SYSTEMS 

..___.,n,..--} GUN CHARGING SYSTEMS !41 

BOMB ANO DROP TANK RELEASE 

BOMB SELECTOR SWITCH 

ROCKET JETTISON SOLENOIDS (51 
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HCONDART IUI 
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COCK PIT TEMP CONTROL SWITCH 
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AMMU NITION BOOSTERS 

GUN CHARGER COMPRESSOR [4) 
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SINGLE-PHASE C A-lCM SIGHT ANO TOTALIZER 

-@-~~~---- -'~,~~,=~~_/____ 1: 
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THREE-PHASE .,-- - - , PHASE ADAPTER 
INVER~ER ., ALT , __ - SLAVED GYRO --@- ---- - - - -- - - - _/ '- _ _ .__ _ _ _ _ _ . MAGNETIC COMPASS 
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HYO PRESSURE 
GAUGES 

IN CASE OF GENERATOR OR SINGLE-PHASE INVERTER FAILURE, UNITS NORMALLY POWERED BY THE SINGLE-PHASE INVERTER, 
EXCEPT IFF RADAR, A-lCM SIGHT, FUEL FLOWMETER AND TOTALIZER, AND COCKPIT TEMP CONTROL SYSTEM ARE TRANSFERRED 
TO THE THREE-PHASE INVERTER. TRANSFER IS AUTOMATIC IF GENERATOR FAILS; IT IS MANUAL (BY TURNING INSTRUMENT 
POWER SWITCH TO " ALT") IF SINGLE-PHASE INVERTER FAILS. 

(11 .\IRCll.\FT 191 ll , 19141 AND Sl!DSEQUENT 

121 AIRCR.\F'T 19121 AND SUBSEQUENT 

SINGLE-PHASE ~ COCKPIT TEMP CONTROL SYSTEM 
(RADAR) INVERTER A-lCM SIGHT 
~ IFF RADAR --(7)·-@---w FUEL FLOWMETER AND TOTALIZER 

MAIN 

!JI .\JRCR/\FT 191 02 TO 1912 1, 19123 TO 19140 
(4) .\IRC RAFT 192 0 1 AND SUBSEQUENT 
( 5) \IRCR,\FT 1910l TO 19120 INCLUS IVE 
(6) .\I RCR \FT 19109 TO 19114 AND 191 34 TO 19140 
(7) \IRCR u·T 1945 3 AND SUBSEQUENT 

(81 .\JRCR \FT 19 50 1 AND SUBSEQUENT 

THR!E-PHASE (INST) 

~ NORMAL -~ INVERTER -_,,,""--.~u~=:~;;.~-_/----CV :.~.=~-----h 
/- - - , THREE-PHASE (INST) 

- - QI -Gr-- - - _/ .,, ''- - - _@--'."!.'".'~ -- - - - -
ATTITUDE GYRO 

SLAVED GYRO 
MAGNETIC COMPASS 
FUEL, OIL, AND 
HYO PRESSURE 
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IN CASE MAIN THREE-PHASE (INST) INVERTER FAILS, UNITS NORMALLY POWERED BY THE MAIN THREE-PHASE (INST) INVERTER 
ARE TRANSFERRED TO THE ALTERNATE THREE-PHASE (INST) INVERTER BY TURNING INSTRUMENT POWER SWITCH TO " ALT." 

Figure 1- 18 (Shee t 2 of 2 ) Electrical P ower D i s tribution 
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valve, the engine must be running. 

NOTE 

This switch is marked POWER CON­
TROLS on aircraft 19102 to 19452, and 
FLIGHT CONTROLS on aircraft 19453 
and subsequent. 

Emer gency Override Handle 
31 The emergency override handle , re­
cessed in the inboard face of the right forward 
console, permits the alternate flight control 
h ydraulic system to be engaged should the 
electr ic transfer system fail. The altnerate 
system will be in operation as long as the handle 
is in the extend ed position . If the handle is re­
turned to the n ormal p osition , the alternate 
system will remain in operation until the fli ght 
contro l switch is momentarily h eld at RESET 
and then released to NORMAL. 

Alternate -On W a rning L ight 
32 The amber alternate-on warning lig ht on 
the instrument panel is illuminated w hen e ver 
the alternate flight control hydraulic system is 
operating. 

ELEC TRIC AL SYSTEM 
D . C. El ectrical P owe r System 
33 The d. c. power system (see fi gur e 1-18) 
is s upplied by a 28-volt, 400-ampere engine­
driven generator . A 24-volt, 36-ampere-hour 
storage battery serves as a standby. D. C. 
power is distributed from three electrical 
bus ses; battery, primary and secondary. The 
battery bus is hot at all times so that the 
essential equipment , powered by the battery, 
is operable re gardless of the positi on of the 
battery-starter switch. The primary bus is 
energized by the battery bus when the battery­

switch is at BATTERY position, or is energized 
directly when the generator is functioning or an 
external power supply is used. The secondary 
bus, which receives power through the primary 
bus, is energized only when the generator is 
operating or an external power source is con­
nected to the number 1 receptacle. 

A. C. Electri cal Pow e r System 
34 O n aircraft 1910 2 to 19452 inclusive, 
a. c. p ower i s supplied by a single - phase in­
verter, combined with a phase adapter, and a 
standby three-phase inverter, (see figure 
1-18). The single-phase inve r t er, which serves 
as the normal source o f a. c. p o w e r is ener-

gized by the primary bus. This inverter furn­
i shes single -phase a. c . power to the sight, IFF 
radar , fuel flow meter and totalizer. The phase 

adapter transforms a portion of the single -
phase inverter output t o three-phase for p ower­
ing the artificial horizon, the gryo magnetic 
c ompass, and the fuel, oil and hydraulic pres -
sure indicating systems. If the generator fails, 
the sin gle-phase inverter becomes inoperative 
a nd the three-phase instruments normally 
powered by the single-phase and phase adapter 
system are automatically transferred to the 
alternate three - phase inverter. Other units re­
quiring single-phase power will b e inoperative . 
Th e alte rnate three-phase inverter, ene rgiz;,;d 
by the primary bus, operates only in case of 
single-phase inverter failure and the trans£ er 
to the three-phase inverter must be accom­
plished by switching the instrument power 
switch from NORMAL to ALTERNA TE. This 
switch is also used if the automatic transfer 
does not functi o n when the generator fa ils . 
Warning lights indicate generator or inve rte r 
failure. 

35 O n airc raft 19453 and subsequent, a 
three-phase inverter powered from the primary 
bus replac es the phase adapter and operates 
the same equipment. The single-phase inverter 
supplies power to the sight, radar, flowmeter 
and ai r conditioning control system. Should 
the main thr ee-phase inv e rter fail, the alte rnate 
three-phase inverter is engaged by switching 
the instrument power switc h from NORMAL to 
ALTERNATE. Instruments normally powered 
by the main three-phase inverter are then 
transferred to the alternate three-phase in ­
verte r. No transfer system is provided for the 
single-phase inverter. Lights indicate when the 
generator or individual inverters fail. 

Batte ry-Starter Switch 
36 The battery-starter switch is located on 
the right forward console. This three-position 
switch may be selected to maintained positions 
of BATTERY and OFF and may be selected 
against spring-loading to the STARTER pos­
ition. 

Electrical System Indicators 

3 7 A voltmeter and a generator load indic -
ator (102.dmeter) are installed on the instrument 
panel. The voltmeter provides a direct indic -
ation of the system voltage. The load indicator 
is marked LOAD and indicates the percentage o f 
the total generator capacity being used . 
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Inverter Warning Light 
38 Failure of any inverter is indicated by 
illumination of an amber inverter warning light, 
located on the instrument panel. On aircraft 
19453 and subsequent, three inverter failure 
warning lights are set horizontally along the 
upper left edge of the instrument panel. An 
amber light illuminates when the main radar 
(single-phase) inverter fails. Another amber 
light indicates loss of the main instrument 
(three-phase) inverter, at which time the 
alternate three-phase inverter should be select­
ed. When both instrument inverters (main and 
alternate three-phase) fail, the red warning 
light is illuminated. All lights are of the push­
to-test type. 

Generator Switch 
39 A generator control switch, located on 
the engine control panel on the right console, 
is held by a guard in its normal ON position. 
This switch has three positions, ON, OFF, and 
RESET. 

Generator - Off War ning Light 
40 In case of generator failure, or when 
generator output falls below that required to 
close the reverse-current relay, a generator 
warning light, located on the instrument panel, 
illuminates . This indicates that all equipment 
powered by the secondary bus is inoperative , 
and that all non-essential electrical equipment 
&hould be turned off, as the electrical system 
is operating solely on the battery. 

Overvoltage Warning Light 
41 Overvoltage protection is provided by 
means of an overvoltage relay, a generator 
field control relay, and on aircraft 19102 to 

19121, 19123 to 19140 an overvoltage warning 
light. If generator voltage exceeds 31 volts, 
the overvoltage relay will electrically trip the 
generator field control relay, disconnecting the 
generator from the system and illuminating 
the overvoltage warning light on those aircraft 
so equipped. The generator field control relay 
may be reset, placing the generator back into 
the electrical system, by holding the generator 
control switch at RESET until the overvoltage 
warning light goes out. The switch is then 
placed in the ON position . 

Voltage Regulator 
42 The voltage regulator is preset on the 
ground, but in an emergency may be adjusted 
inflightbymeans of a guarded rheostat mount-

ed on the engine control panel, on the right 
console. With engine rpm above 45%, volt­
meter readings should be 28 ± 0. 5 volts . On 
aircraft 19201 and subsequent, the voltage 
regulator rheostat on the engine control panel 
is deleted. 

Circuit Breakers 

43 Most of the d. c. electrical circuits are 
protected by push-to-reset circuit breakers, 
or circuit breaker switches. Panels mounting 
the circuit breakers are located on each side 
of the cockpit with an additional one located 
in the nose. All a. c. circuits are protected 
by fuses which are not replaceable in flight. 

External Power Receptacles 
44 Two external p ower receptacles are loc­
ated on the left side of the fuselage, above and 
aft of the trailing edge of the wing. The ext er -
nal power source must be connected to the 
number 1 receptacle to make power available 
to both busses. If the number 2 receptacle is 
connected alone, power is supplie d only to the 
primary bus. Both external power receptacles 
must be connected for engine starting. 

WHEEL BRAKES 
General 
45 The power boost wheel brakes are oper­
ated by toe action on the rudder pedals. Brake 
pressure is supplied from brake master cylin­
ders supplemented by power boost from the 
utility hydraulic; system. However, in the event 
that no pressure is available from the utility 
hydraulic system, the brakes function through 
action of the brake master cylinders when toe 
pressure is applied to the rudder pedals. 

Parking Brake Control 
46 The parking brake handle is located on 
the left side of the cockpit, above and outboard 
of the landing gear control. Parking brakes 
are set by pressing hard on the toe brakes, 
pulling the parking brake handle all the way out, 
releasing toe brake pressure and then releasing 
the parking brake handle. Parking brakes are 
released by exerting pressure on the toe brakes. 
lfbrakes do not release easily, the toe brakes 
should be pressed hard and the parking brake 
handle pushed all the way in. 

SURF ACE CONTROLS 
Surface Control Operation 
4 7 To reduce control stick forces in flight, 
the ailerons and horizontal tailplanes are oper-
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ated by the surface control hydraulic power 
system. Control cables run from the stick to 
hydraulic control valves at the aileron.s. Oper­
ation of the stick for aileron control causes the 
control cables to actuate the hydraulic valves, 
which allow hydraulic fluid under pressure 
to enter the operating struts for either up or 
down aileron motion. Control cables also run 
from the stick to a control valve in the hydraulic 
actuating strut at the tailplane. Operation of 
the stick for tailplane movement allows hy­
draulic fluid to enter the strut for either up or 
down movement of the tailplane. Should the 
surface control power system fail o r lose 
pressure, an emergency circuit will automat­
ically come into action and power the surface 
controls. Since the operating struts are irr ­
eversible, control surface attitude cannot 
change except in response to stick movement . 

In the event of a failure in the linkage between, 
the control stick and the artificial feel bungee, 
the horizontal stabilizer can be controlled 
through approximately half its maximum range 
by the use of trim. The rudder is cable oper­
ated and is provided with an electrically oper­

ated tab . 

Artificial Feel System 
48 Be causenofeelofairloads can be trans­
mitted through the irreversible hydraulic con­
trol system , no conventional stick feel is pre­
sent. To supply usual stick feel under all flight 
conditions, an artificial feel system is in­
stalled. Normal stick forces resulting from G 
loads are provided through a bobweight. Con­
trol surface air loads are simulated by bungees 
connected into the control system. The bungees 
apply loads to the stick in proportion to the de­
gree of stick deflection from the neutral pos -
ition. To trim the aircraft, the neutral position 
of the stick is changed by means of the normal 
or alternate trim switch, and the bungees are 
repositioned correspondingly to maintain stick 

feel. 

NOTE 

In the rare possibility of failure of the 
artificial feel system, while the stick 
forces would be reduced to practically 
nil, the aircraft is still completely con­
trollable. Great care must be exercised 
not to over-control. 

Control Stick 
The control stick grip mounts the follow-

ing controls; radar target selector button 
(radar out button), lateral and longitudinal nor­
mal trim switch , bomb and rocket release 
switch, nose wheel steering engaging switch 
and gun trigger switch. (See figure 1-19.) 

Rudder Pedals 
50 Pedal adjustment is conventional and ex­
act alignment is facilitated by position indic -
ating wheels on the outboard side of each ped­
al. When the visible dial numbers correspond, 
the pedals are adjusted evenly. 

Controllable Horizontal Tail 
51 The elevators and the horizontal stabil­
izer are controlled and operated as one unit, 
known as the controllable horizontal tail. The 
portion of this unit usually known as the hor -
izontal stabilizer is pivoted at the aft edge so 
that the leading edge can be moye.d -up or down 

Figure l -19 Stick Grip 49 

24 RESTRIC TED 



RESTRICTED 
EO 05-5C- l 

PART l 

through normal control stick action. The elev­
ator portion of the unit is operated at the same 
time through mechanical linkage to the stabil­
izer section, and moves in definite proportion 
to movement of the stabilizer. Elevator travel 
is somewhat greater than that of the stabilizer. 

The controllable horizontal tail can be trimmed 
through use of either a normal or an alternate 
trim switch. 

Normal Trim Switch 
52 Normal trim of the horizontal tail or of 
the ailerons is provided through a five-position 
knurled switch on top of the control stick grip 
(figure 1-19). This switch is spring-loaded to 
centre off position. When the lateral alternate 
trim switch is at NORMAL and the longitudinal 
alternate trim switch is at NORMAL GRIP 
CONT, holding the normal trim switch to either 
side causes the corresponding wing to be 
trimmed down. When the longitudinal alternate 
trim switch is at NORMAL GRIP CONT, hold­
ing the normal trim switch forward trims the 
nose down, while holding it aft trims the nose 
up. When the switch is released, it automat­
ically returns to the centre off position and 
trim action stops. 

NOTE 

The elevator and aileron trim switch in­
stalled in type B-8 control stick grips is 
designed to return to the neutral position 
automatically when thumb pressure is 
released after actuating the switch. Ex­
perience shows that this switch has a 
tendency to remain in the actuated pos -
ition, which causes an overtrim con­
dition. To preclude such a possibility, 
and pending the acceptance and avail­
ability of the type B-9 stick grip, the trim 
switch should be returned to the neutral 
position by applying thumb pressure in 
the opposite direction after each actuation 
of the trim switch . 

Longitudinal Alternate Trim Switch 
53 A four -position switch on the left side 
of the cockpit provides an alternate trim cir­
cuit for the horizontal tail. Operation of this 
switch accomplishes longitudinal trim at the 
same speed obtained through use of the normal 
trim control. The longitudinal alternate trim 
switch is usually kept at NORMAL GRIP CONT 
which allows the normal trim switch to be used 
for trimming. Holding the longitudinal alter-

nate trim switch at NOSE UP or NOSE DOWN 
dis connects the normal trim circuits for the 
ailerons and stabilizer, and trims the aircraft 
accordingly through the alternate trim system. 
The switch is spring-loaded from NOSE UP or 
NOSE DOWN to OFF and is guarded in the 
NORMAL GRIP CONT position. When the 
switch is at OFF, both of the normal trim cir­
cuits, as well as the alternate longitudinal 
trim are inoperative. 

Lateral Alternate Trim Switch 
54 A four-position switch on the left aft 
console provides an alternate means of lateral 
trim. Ordinarily this switch is kept at NOR­
MAL. Holding the switch at either LEFT or 
RIGHT will trim the corresponding wing down 
and will disconnect the normal aileron trim cir­
cuit. The switch is spring-loaded from LEFT 
or RIGHT to OFF. Both the normal and alter­
nate lateral trim circuits are inoperative when 
the alternate lateral trim switch is off. 

Rudder Trim Switch 
55 A switch on the aft left console controls 
the electrically-actuated rudder trim tab. The 
switch is held to LEFT or RIGHT for corr es -
ponding rudder trim. 

Take-off Trim Position Indicator Light 
56 An amber light on the instrument panel 
is provided to indicate take-off trim position 
for ailerons, horizontal tail, and rudder. The 
light will illuminate whenever any one of these 
controls is trimmed to take-off position, and 
will go out when the trim switch is released. 
It will illuminate again when ~he next control 
is trimmed for take-off, etc. 

57 On aircraft 19102 to 19654 inclusive, the 
take-off position indicator light is illuminated 
for a small range of longitudinal trim so that 
at the forward or nose heavy end of the range, 
the stick forces necessary for take-off are 
approximately one-third greater than at the aft 
end of the range. To ensure minimum stick 
forces on take-off, set the longitudinal trim 
by running it fully forward, then fully aft, then 
forward until the take -off position indicator 
light illuminates. 

58 On aircraft 19655 and subsequent the 
horizontal tail trim should be in the fully aft 
position for take-off. The indicator light will 
come on indicating this is the correct take-off 
trim position. Less pull force on the control 
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stick will be required in these air c raft to 
become airbor ne . Soon after becoming air­
borne, continuous forward trim will be desir­
able while accelerating to the best cli mbing 
speed, because the rate of horizontal tail trim 
is considerably slower than on previous air­
craft. The forward travel of the horizontal t a il 
trim has been increased so that less stick 
force is required to hold the aircraft in a sus -
tained dive. Re gardless of the trim position 
only averag e strength will be requi red to over­
come any stick forces encountered . 

W ing Slats 
59 Wing slats are fitted along the full length 
of the leading ed g e of each wing on airc raft 
priorto andincluding 19800. These slats open 
and close automatically with variations in air­
speed. At speeds below approximately 180 knots 
they open and smooth the airflow over the 
wing , thereby increasing stability and lift. 
Higher speeds will close them. Up to approx­
imately . 65 Mach number, an increase in G 
may open th e slats. At higher Mach numbers, 
they will not open at any value of G. 

Wing Flaps 
60 Electrically -operated, slotted-type flaps 
extend from the aile ron to the fuselage on each 

wing panel. E a ch flap i s actuated through an 
individual electric motor and e l ec tric circuit. 
The flaps are mechanically interconnected so 
that if one actuating motor or one ci rcuit fail s, 
the corre sponding flap will still b e actuated 
through m echanical linkage with the opposite 
flap. Thi s mechanical interlinkage also pre­
vents individual or une v en flap operation. A 
clutch, or brake a rrangement, o n each actuat­
ing motor p r events air l oads from moving the 
flaps. No emergency system is provided, as 
there is enough protection present in the nor­
mal system throug h the mechani cal linkage, 
the individual electric motors and the individual 
circuits. 

Wing F lap Control Lever 
61 The wing flap control lever, inboard of 
the throttle on the left console, moves on a 
quadrant marked UP, HOLD, and DOWN. To 
move the flaps to the full up or the full down 
position, the flap lever is placed at UP or 
DOWN, and then returned to HOLD. For inter­
mediate flap positions in flight, the lever is 
held at UP or DOWN, and then moved to HOLD 
whe n the desired flap effect is obtained. There 
is no flap position indicator. A red line i s 

painted on the leading edge of the flap, which , 
when it becomes visible, indicates flap take-off 
position. 

Rudder C ontro l Lock 
62 A rudder control l o ck is permanently in ­
stalled beneath the centre of the instrument 
panel. When the handle is pulled aft, a rudde r 
cable lock is set to engage when the rudde r 
pedals are neutralized . The nose wheel steer­
i n g cable is locked at the. same time . The other 
surfaces, being hydraulically operated, are 
irreversible and do not require a l ock. 

S peed B rakes 
63 Hydraulically ope rated speed brakes are 
located on each side of the rear fu selage. An 
hydraulic accumulator is provided to supply 
hydraulic pres sure for one complete cycle of 
speed b r akes in event of utility hydrauli<.: 
system failure. Emergency control to clos e 
the speed brakes is also provided. 

Speed Brake Switch 
64 A serrated rotary switch on top of the 
throttl e controls the speed brake hydraulic con ­
trol valve . The switch h as three fixed positions; 
IN, OUT and a neut r al position which is ind ic ­
ated by a white mar k on the switch guide. Afte r 
the brakes have been opened or closed , the 
sw itch should be returned to neutral. An acc­
umulator stores energy for emergency opening 
of the brakes . 

WARNING I 
Since the hydraulic lines to the spee d 
brake actuating cylinders are r outed near 
the engine it is extremely important that 
the speed brake switch be kept in the 
neutral position to minimize the fire 
hazard should a line be damaged. 

Emergency Speed Brake Control 
65 To provide a means of closing the speed 
brakes when normal operation fa ils, an emer ­
gency speed brake control is installed just out­
board of the throttle lever . Normally, the c on­
trol is safety-wired at its aft NORMAL position. 
Whenpushed forward to the EMERG. CLOSED 
position, the control mechanically opens a dump 
valve, relieving hydraulic pressure from the 
speed brake actuating cylinders. Air loads will 
thenclosethe brakes. No emergency means of 
opening the brakes is provided once the acc­
umulator is exhausted. 
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LANDING GEAR 
General 
66 The landing gear and wheel fairing doors 
are hydraulically actuated and e lectrically 
controlled and sequenced. A removable g round 
safety lock may be inserted in the nose gear 
a s sembly to prevent inadvertent retraction on 
the g round. No g round safety locks are provided 
for the main gear, as the weight of the aircraft 

I ~n the main gear prevents accidental retract­
ion. 

Normal Landin g Gear Control 
q7 A landing g ear control handle at the left 
side of the instrument panel electrically con­
trols the landing gear and door hydraulic sel­
ector valves. The control handle has three 
positions: UP, COMBAT, (neutral) and DOWN. 

Figure 1-20 Left Forward Console 
(Aircraft 19102 to 19452) 

On aircraft 19453 and subsequent the COMBAT 
position has been eliminated. When the gear is 

down and locked and the weight of the aircraft 
is on the gear, a ground safety switch prevents 
retraction if the gear handle is inadvertently 
moved to UP. The fairing doors are not con­
trolled by·this switch and will follow their nor­
mal sequence, opening when the gear control 
is moved to UP, thereby providing warning to 
the ground crew that the gear control is in the 
wrong position for ground operation. 

Landin g G ear Handle U p Indicator Light 
68 On aircraft 19102 to 19452 inclusive, 
an amber light, located on the left forward 
console (se e figures 1-20 and 1-21) illuminates 
whenever the gear handle is in the UP position, 
as a reminder that the handle should be returned 

Figure 1-21 Left Forward Console 
(Aircraft 19453 and subsequent) 
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to COMP.AT. The gear-up indicator lamp can 
be turne , to dim the light when desired. 

Landing Gear Emergency Up Control 
69 If it is necessary to collapse the gear in 
1.n emergency, the landing gear ground safety 
switch c an be overridden by use of a guarded 
EMERG. UP push button switch located abov e 
the gear control handle. When the gear control 
is at UP and the emergency-up button is de­
pressed, the ground safety switch is by-passed 
and the gear is retracted hydraulically in the 
normal manner, except that the fairing doors 
may not have sufficient time to fully open. On 
aircraft 19102 to 19121, and 19123 to 19140, 
the battery-starter switch must be at BATTERY 
to make the emer gency-up button effective when 
the generator is not operating. On air c raft 
19122, 19141 and subsequent, the emergency­
up button is effective regardless of battery­
starter switch position. 

Landing Gear Emergency Release 
70 When the landing gear emergency release 
at the bottom of the centre pedestal is pulled all 
the way out and held for at least 11 seconds, the 
main gear and all the fairing doors are mech­
anically unlocked and the gear and door hy­
draulic selector valves are positioned to lower 
the gear. If the electrical control system has 
failed, the gear will lower under pressure from 
the main hydraulic system. If the hydraul ic 
system has failed, the main gear will fall free 
when the emergency release is pulled, but the 
nose gear up-lock must be released and the 
nose gear forced into the down latched position 
by pla cing the emergency hydraulic selector at 

NOSE GEAR and supplying pressure with the 
hand pump. On aircraft 19453 and subsequent, 
the hand pump is eliminated and power to lower 
the nose gear is provided by a hydraulic ace -
umulator. 

NOTE 

On aircraft 19453 and subsequent, the 
nose gear cannot be retracted in flight 
when the emergency nose gear lowering 
system has been used, since the emer­
gency lowering valve must be re set on 
the ground. 

Landing Gear Position Indicators 
71 On aircraft 19102 to 19452, landing gea r 
position indicator lights are located on the left 

forward console. Three green lights, one for 
each gear, and one red light, connected to all 
three gears, provide a visual indication of gear 
position. Each green light illuminates when its 
respe c tive gear is down and locked and is ex­
tinguished, together with the red light, when 
its respective gear is up and locked and the 
throttle cont rol is forward beyond minimum 
cruising power. The red light illuminates when 
in any position other than d own and locked, or 
up and locked, or if the gear is up and locked 
and the throttle control is retarded below min -
imum cruising rpm; or if the gear is up and 
locked and any gear door is not completely 
closed. 

72 On aircraft 19453 and subsequent, the 
position of the landing gear is shown by three 
indicators on the left forward console . One 
indicator is provided for each gear and will 
display parallel red and yellow diagonal lines if 
its respective gear is in an unlocked condition. 
Diagonal lines also appear when battery-starter 
switch is not at BATTERY or when primar,y bus 
is not energized. 

73 The word UP appears if the gear is up­
and-locked, and a miniature wheel shows when 

the gear is down-and-locked. A red light with­
in the whe el portion of the landing gear control 
handle illuminates when any gear is in any un­
locked position . It is also illuminated if the 
gear is up-and-locked when the throttle is re­
tarded below minimum cruising rpm, or if the 
gear is up-and-locked and any gear door is not 
completely closed. The handle light can be 
checked by pressing the warning horn cut-out 
button with the throttle retracted. 

Landing Gear Warning Horn 
74 A warning horn in the cockpit sounds, if 
the g ear is not down-and-locked, when the 
throttle is retarded below cruising power . A 
horn cut-out button is located on the forward 
left console. 

Nose Wheel Steering 
75 Nose wheel steering is electrically en­
gaged, hydraulically powered, and controlled 
by the rudder pedals. Steering is accomplishe d 
by depressing a switch on the control stick grip 
and then operating the rudder pedals to control 
a hydraulically operated nose wheel steering 
unit. This unit permits the wheel to be turned 
approximately 21 degrees each side of centre 
by pressure on the respective rudder pe dal. 
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When not eng-,.ged for steering, the unit serves 
as a h ydrc.ulic shimmy damper. A safety 
switch, m.)unted on the nose wheel strut 
torque l ink, prevents engagement of the steer­
ing unit whenever the weight of the aircraft is 
off the nose gear. 

Nose Wheel Towing Release Pin 
76 Thenosewheeltowingrelease pin is loc­
ated on the left side of the nose gear strut, 
just above the wheel fork. For towing the air­
craft, the pin is disengaged. This allows the 
wheel to swivel by disconnecting the steering 
damper unit. Before flight, make sure the 
safety cap is on. This will ensure that the pin 
is engaged. 

Nose Whe el Steering Switch 
77 The push-button type nose wheel steering 
switch on the control stick grip actuates a shut­
off valve to supply hydraulic pressure to the 
nose gear ste ering unit . To engage the steer­
ing unit, the switch must be depr essed and 
the rudder pedals synchronized with the nose 
wheel. The steering unit will not engage if the 
nose wheel is more than 21 degrees either 
side of centre. 

100 

90 

80 

70 
MINIMUM 

GOVERNED 
RPM-% 

60 

50 

40 

30 

MINIMUM ENGINE RPM VS ALTITUDE 

~ MAX RANGE RPM 
:: CLEAN AIRPLANE z-.,. 

MINIMUM GOVERNED ­
RPM REGION 

NOTE: 
Minimum governed rpm for any 
main fuel regulator should fall 
within band shown. 

0 5 10 15 20 25 30 35 40 45 50 
ALTITUDE-1000 FEET 

POWER PLANT CONTROL SYSTEM 
Main Fuel Control System . 
7 8 The main fuel control system incorpor -
ates an engine-driven constant-output fuel 
pump, a fuel control valve and a fuel flow reg­
ulator. Engine rpm selected by throttle setting 
is maintained by action of the main fuel flow 
regulator and the fuel control valve, regardless 
of altitude or airspeed changes. The fuel flow 
regulator controls the amount of fuel delivered 
to the combustion chambers by operating the 
fuel control valve, which by-passes any fuel 
not required by the engine. Overspeed pro­
tection is provided through a wide -range gover­
nor in the fuel flow regulator. Although the 
governor section of the fuel flow regulator is 
designed to produce constant engine rpm for a 
given throttle setting, minimum idle rpm in­
creases with altitude. (See figure 1-22.) This 
causes the first portion of throttle travel to be 

less effective at higher altitudes. 

Emer gency Fuel Control System 
79 A continuously operating emergency fuel 
pump and an emergency fuel regulator act as 
a standby for the rnain fuel control system . 
This emergency system can be turned on or 
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Figure 1-22 Main Fuel R egulat0r Characteristics 
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off , or placed in a test p osition, by use of an 
emergency fuel switch. The emer ge nc y fuel 
system is controlled in the same m anne r as 
the main fuel s yst e m through the m echanical 
linkage to the throttle. Altitude changes are 
c on1pensate d for i n order to maintai n rpm 
se l ected by throttle setting, but th ere is no 
over speed protec tion. Th e emergency reeyl­
ator is set to give 99% r pm on a 38°C (100 F) 
day, and will provide l es s than 99% rpm at 
low e r temperatures. 

E xhaust T empe r a ture Variation 
80 E xhaust tempe rature of j e t engine with 
fixed area exhaus t nozzl e is affected by out ­
side air temperature, altitude and airspeed. 
G e11erall y,with constan t rprr,, exhaust temper ­
ature will increase with an increase in altitude 
or outsi::le air temper a t ure, and will decrease 
wi t h an increase in a irspeed. Th ese three 
fac t ors can change sing ly or s i multaneously, 

thus causing inconsistent exhaus t temperature s 
for any given rpm. Or dina rily, an increase in 
exhaust temperat ure may be ex pec te d durin g 
take - off. As the aircraft becomes airborne and 
picks up speed, the ·tempe rature will d rop to 
below that obtained a t 100% rpm on th e gr ourd, 
until medium or high altitudes are reache d . 
Abo ve 35,000 feet, exhaust temperature will 
increase with a ltitude until a reduction in rpm 
rnay be necessa r y to hold exhaus t t emperatures 
within th e limit. Any reduction in rpm for this 
purpo se will not r esult in thrust lo ss , but may 
cause a slight thru s t increase because of engine 
characteristics. 

NOTE 

W ith engine rpm a bove approxima t ely 
98%, thru s t i s primarily de t e r mined by 
exhaust temperature an:i not b y engine 
rpm. 

81 No action can be taken in flight if exhaust 
temperature is below the limit, althou gh it 
should be remembered that thrust decreases 
with decrease in exhaust temperature during 
operation at a constant engine rpm. To ensure 
proper exhaust temperatures, the exhaust 
nozzle area is adjustable on the g round by 
installation of metal segments on the inside of 
the nozzle. 

Throttle Control Lever 
82 The throttle control lever is located at 
the left side of the cockpit. A stop is provide d 

on the quadrant between the IDLE and OFF pos­
itions to prevent shutting off the fuel supply in­
advertently when retarding the throttle c ontrol 
lever . Outboard movement of the lever (which 
is spring -loaded inboard) allows the stop to be 
by-passed when starting or stopping the engine. 
When the engine master switch is ON, initial 
outboard moveme nt of the lever from OFF 
closes a microswitch which energizes the ci r­

cuits to the booster pumps and the ignition sys­
tem. Subsequent movement of the lever to IDLE 
opens the engine fuel stopcock. Further advan -

2 

3 
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8 

G enerator control switch. 
Emer gency ignition switch. 
Exterior lights control switch. 
Exterior lights dimmer switch. 
Battery-start switch. 
Stop starter button. 
Master engine switch. 
Voltage rheostat. (Aircraft 19102 to 

19200 inclusive) 

Figure 1-23 Right Forward Console 
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cement of the throttle lever increases en~ine 
rpm by changing the se1:ting of the fuel flow 
regulator. The grip on the throttle lever con­
tains the speed brake switch, the gun sight gyro 
c aging button, and the microphone button. Also 
incorporated in the throttle lever grip is a 
manual ranging control for the gun sight. Rot­
atio n of the throttle lever handle about its 
vertical axis will manually range the radar gun 
sight. 

E ngine Master Switch 
83 The guarded engine master switch, orr 
the right console (see figure 1-23) controls the 
fuel shut-off valve and completes the elec­
trical circuits to the fuel booster pumps and to 
the throttle lever actuated microswitch con ­
trolling ignition ( during starting only) . 

Ignition 
84 Ignition is required only during the 
starting procedure, since the mixture in the 
combustion chambers will burn continuously 
after once being ignited. Current for ignition is 
supplied to the spark plugs when the engine 
master and starter switches are on, and the 
throttle lever is moved from the OFF position. 
When the starter is subsequently disconnected 
from the circuit (at approximately 23% rpm) the 
ignition relay is de-energized. 

Emergency Ignition Switch 
85 An emergency ignition switch on the 
engine control panel is used to supply ignition 
for restarting the engine in flight. When the 
emergency ignition switch is on, it connects the 
battery to the ignition system when the throttle 
lever is advanced from OFF and the battery 
switch is ON. The switch should be left on only 
until ignition occurs, as it creates a heavy 
drain on the battery. If the switch is left on 
for longer than 3 minutes or used too frequent­
ly, the ignition transformer will proba.bly be 
damaged. 

Starter 
86 A combination starter-generator unit is 
provided for cranking the engine up to approx­
imately 23% rpm. An external 28. 5 volt power 
source capable of supplying 1500 amperes must 
be used for starting, as the starter cannot be 
powered b y the aircraft battery. The battery­
starter switch on the engine control panel 
operates the starter when held momentarily 
at the ST ARTER position. A starter relay 
continues to energize the starter until engine 

speed reaches approximately 23o/o rpm at which 
point the starter circuit i s automatically dis -
connected. 

Push to Stop Starter Button 
87 A push to stop starter button, located 
outboard of the battery starter switch on the 
right forward console, can be used to de­
energize the starter if ignition fails or mal­
function occurs. 

Emergency Fuel Switch 
88 A three-position emergency fuel switch 
is located above the throttle quadrant. When 
this switch is ON, the emergency fuel system 
is acting as a standby for the main system and 
will supply fuel to the engine in case of main 
system failure. When the switch is OFF the 
emergency system is ineffective. When the 
switch is held in the momentary TEST position 
the main system is made inoperative and the 
emergency system should automatically take 
over with very little drop in rpm. 

FLIGHT AND ENGINE INSTRUMENTS 
General 
89 The following fl i ght instruments are pro­
vided: altimeter; turn and bank incficator; rate 
of climb indicator; artificial horizon; direct­
ional gyro magnetic compass; airspeed indic­
ator; clock; accelerometer; machmeter; cabin 
altimeter; radio compass indicator and a mag­
netic compass. 

Care must be exercised when caging the 
artificial horizon to prevent damaging the 
mechanism. 

90 The following engine instruments are 
provided; oil temperature indi cator on air -
craft 19102 to 19121, 19123 to 19140 only; oil 
pressure indicator; tachometer indicator; fuel 
quantity indicator; fuel flow indicator; exhaust 
temperature indicator; ammeter (loadmeter)~ 
fuel pressure indicator; voltmeter and a hy­
draulic pressure indicator. 

LIGHTING EQUIPMENT 
Navigation and Fuselag e Lights 
91 The aircraft is equipped w i th two fusela g e 
lights, one in the aft portion of the canopy and 
the othe r on the bottom of the fus elage, and 
navigation li ghts including one w hi te and one 
yellow tail l ight . Thes e lights ar e c ontrolle d 
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b y a flasher switch and a dimme r switch, both 
o n the right forward cons ole. The fuselage 
lights are on steady regardless of whether the 
flasher switch is in FLASH or STEADY . When 
the flasher switch i s in F LASH , the red and 
green lights go o n and off and the tail lights 
alternate from white to yellow . 

Landing Lights 
92 Two retractable lights are located in the 
fuselage nose just forward of the nose wheel 
door. The lights are controlled by two switches 
on the left forward console. The light extension 
switch has E XTEND , R ETRACT and OFF pos­
itio ns. Both l i ghts are automatically turned off 
when retracted, regardless of the position of 
the landing and taxi light switch. The taxi 
light alone is turned on when the landing a.nd 
taxi li ght switch is positione d at TAXI. Movin g 
the switch to LAND & TAKE-OFF turns on th e 
landin g light and, when the nose wheel is on the 
g round, also turns on the taxi li gh t . On ai r­
craft 19453 and subsequent, the landing and 
taxi li ghts are controlled by one switch, located 
on the left forward console. When switch is 
at EXTEND, both lights illumina te and extend 
to landing position. When the aircraft touches 
the ground, the landing light goes out and re -
1tracts, and the taxi light extends still further 

to taxiing position. 

Interior Lights 
93 On aircraft 19102 to 19121, 19123 to 
19140, instrument panel lighting is provided by 
two fluorescent lamps, one on each side of the 
cockpit . The intensity of each light is controlled 
by a rheostat located just forward of the ventil-

CANOPY EJECTION GUN 

-~ 

a ting air outlet on the related side of the c o ck­
pit. On aircraft 19122, 19141 and subseq u e nt 
the fluorescent lamps are r eplaced by two aux­
iliary instrumentlights. Two red console lights 
one on each side of the cockpit and 20 ring - type 
instrument light assemblies are added and 
controlled by a rheostat on thP. ri ght side wall. 
O n aircraft 19453 and subsequent, the lighting 
con trol rheostats are located on a panel on 
the ri ght side wall of the cockpit. 

Interior Extension Li ght 
94 An extension light for general cockpit 
illumination is provided. The controlling switch 
is just forward of the li ght. On aircraft 19201 
and subsequent , the switch is on the extension 
lig ht assembly . 

Indir ect Con sole L ighting 
95 Th e ri ght and left forward cons oles and 
th e centr e pedes t al are illuminated indirectly. 
Li ghtin g is controlled by a panel li ght rheostat 
located on the centre pedestal. On aircraft 
19453 and sub se quent, the control is located on 
th e ri ght side wall in the cockpit. 

COCKPIT EQUIPMENT 
Canopy 
96 The electrically-operated canopy may be 
con trolled from either inside or outside the air­
craft. The canopy actuator is directly powered 
by the battery or by an external power source . 
The battery-starter switch need not be at 
BATTERY for canopy operation. Air loads 
prevent the canopy from being opened at speeds 
above 215 knots IAS . Emergency release of 
the canopy in flight is accomplished by means 

Figure 1-24 Canopy Ejection Gun 
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of a remove r gun which fires th e c anopy off 
the aircraft . The canopy is fired by rai sing the 
right handgrip on the seat in preparation for 
seat ejection . When the canopy is ejected in 

flight, it pull s a safety pin from the seat cata­
pult firin g mechanism. This safety pin pre­
vents seat ejection until after the canopy leaves 
the aircraft. A ground safety pin on the canopy 
ejection gun prevents the gun being fired accid­
entally while the aircraft is on the gr ound . (Se e 
figu re 1-24. ) This safety pin must be removed 
before flight and replaced after flight. Safety 
pins with thei r red streamers are stowed in 
th e map case during flight and are reinstalled 
imme d iately upon landing. 

C anopy S eal 
97 An inflatable canopy seal is provided 

FOOTREST 

ANTI-G SUIT, OXYGEN, AND RADIO CONNECTIONS 

which seals . the canopy in the closed position. 
Pressur e for inflatio n of the seal is provided 
by engine compressor air and is automatically 
controlled by a pressure re gulator. The seal 
becomes inflated whenever th e cano py is fully 
closed. Wh en the canopy switch is actuated , 
the seal i s automatically deflated to allow the 

canopy t o move. The seal is also automatically 
deflated before canopy ejection. Sho ul d the 
canopy switch be moved to CLOSED dur in g 
fli ght, it will cause the seal to d eflate , and, a t 
altitude, will result in loss of coc kp it pres sur­
izatio n . Wh en the switch is rel e ase d , the can­
opy seal will be inflated and the cockpi t will 
becom e pre s surized a ga in. 

Canopy Buttons (Ext e r nal ) 
98 The canopy is operate d externally by 

NOTE : 

rr= = ~ ~~!t--/f.l.'--t/_J:..~~SHOULDER 
HARNESS AUTO· 

·MATIC LOCK FOR 
SEAT EJECTION 

"'--'~!~~-~::::::::-SHOULDER HARNESS CABLE 

SHOULDER HARNESS LOCK HANDLE 
( MANUAL LOCK AND UNLOCK) 

Figure 1-25 Ej e ction Seat 
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means of two sp:ring-loaded push buttons located 
on each side of the fuselage approximately two 
feet below and in line with the windshield. One 
button is marked OPEN, the other CLOS ED. 
Operation of any external button overrides the 
selection of the cockpit switch, but if the cockpit 
switch is left at OPEN and an external button 
used for closing, the canopy will open again as 
soon as the external button is released. 

Canopy Switch 

99 From within the cockpit the canopy is 
controlled by a three-positio·n toggle switch 
above the left forward console. To close the 
canopy, the switch must be held at the spring­
loaded CLOSE position. To open the canopy, 
select the OPEN position . When the canopy 
has fully opened, power to the canopy actuator 
is automatically cut off. When the switch is at 
the middle OFF position the canopy is locked, 
whether partially open, fully open or closed. 

Canopy Declutch and Manual Control Handles 
100 A canopy declutch handle, at the bottom 
of the centre pedestal, is for ground use only 
and, when pulled, disengages the canopy from 
the drive shaft so it can be moved manually by 
means of the manual control handle on the right 
side of the canopy bow. The canopy can be 
manually opened during flight (after the internal 
canopy declutch handle is operated) approxi ­
mately two inches when air loads will prevent 
further opening. However, the canopy can be 
electrically opened during flight at speeds 
below 215 knots IAS. The canopy can then be 
de clutched and air loads should remove it from 
the aircraft. 

External Canopy Emergency Release 
101 An external canopy emergency release 
handle can be reached through an access door 
on the left side of fuselage below the canopy 
frame. The external release does not fire the 
canopy remover gun but merely releases the 
canopy so it may be moved manually. 

WARNING I 
Whenever the canopy is opened by oper­
ating the de clutch or external release, 
the ejection gun safety pin must be in­
stalled immediately and the aircraft 
declared unser.riceable while the canopy 
is being re-installed and adjusted. 

Ejection Seat 

102 An ejection seat is provided (see figure 
1-25). Armandfootrestson the seat are fixed. 
The handgrips are hinged to pull up into a 
vertical position for ejection . Gi;ound safety 
pins, installed through the handgrips to prevent 
their being raised inadvertently, must be re­
moved prior to flight and stowed in the map 
case. When the seat is ejected, anti-G suit, 
oxy g en hose, microphone and headset connect­
ions automatically disconnect at a single fitting 
attached to the seat between the footrests . 

Right Handg rip 
103 Th e catapult trigge r lever, located 
beneath the folding handg rip at the forward end 
of the right armrest, is protected by a guard 
and safety wire. As the ri ght hand grip is pulled 
up in preparation for ejection, the safety wire is 
broken and the tri gger is raised out of the 
guard. At its full up position the canopy' gun 
is fired, jettisoning the canopy, the handgrip 
locks and the trigger lever is within reach of 
the fingers. Squeezing the trigge r fires the 
seat catapult . A safety pin in the seat catapult 
firing mech.anism renders the trigge r lever 
ineffe ctive until after the canopy is jettisoned. 

Left Handgrip 
104 Raising the folding left handgrip to its 
full up position will automatically lock the 
shoulder harness for ejection. 

Headrest Adjustment Pins 
105 The seat headrest can be adjusted hor­
izontally on the ground . Pulling up the spring­
loaded pin in each of the two tubes aft of the 
headrest releases it for adjustment. 

Seat Vertical Adjustment Lever 
106 A control for mechanical seat adjustment 
is provided by a handle to the right of the head­
rest. Pulling the handle down releases the seat 
for adjustment. 

Shoulder Harness Lock Handle 
107 The shoulder harness iLertia reel lock 
handle, located on the left side of the seat, is 
operated for manually locking and unlocking the 
shoulder harness. The shoulder harness inertia 
reel will automatically lock under a 2 to 3 G 

forward deceleration, as in a crash landing. 
It is necessary to manually lock the shoulder 
harness only during manoeuvers and flight in 

rough air, or as an added safety precaution in 
event of a forced landing. 
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NOTE 

Before a forced landing, battery, gener­
ator and engine master switches not read­
ily accessible with the shoulder harness 

locked should be cut before moving harn­
ess lock handle to the locked position. 

108 If the harness is manually locked while 
the pilot is leaning forward, as he straightens 

up, the harness will retract with him moving 
into successive locked positions as he moves 
bac k a gainst the seat. To unlock the harness, 
the pilot must be able to lean back enou gh to 
relieve the tension on the lock. If the harness 
is locked while the pilot is leaning back hard 

against the seat, it may not be unlocked with ­
out first releasing it momentarily at the safety 
belt or by releasing the harness buckles. After 

automatic locking of the harness, it will re rnain 
locked until the lock handle is moved to the 
locked position and then back to unlocked . 

PNEUMATIC SYSTEM 
Anti-G Suit Provisions 

109 An air pressure outlet connection on the 
front of the seat provides for attachment of 

the air pressure intake tube of the anti-G suit. 
Air pressure for inflation of the suit bladders is 
c onduc ted from the engine compr essor through 

a pressure regulating valve, located on the 
left console, which starts functioning at a pre -
determined number of G's depending on the 
setting of the valve. Acceleration above approx-· 
imately 1 . 75 G. causes the valve to open, in­
flating the anti-G suit. For each additi onal lG 
acceleration force, a corresponding l psi 

(LO setting} or l. 5 psi (HI setting} air pressure 
is exerted in the suit. A button on top of the 
valve can be manually depressed to inflate the 
suit momentari l y when de s i red. 

AIR CONDITIONING AND 

PRESSURIZING SYSTEM 

General 
110 Air is extracted from the final stage of 
the engine compressor and is delivered to the 

cockpit under pressure , at a preselected t emp ­
erature, for either heating or ventilating. (See 
figure l-26.) The cockpit is not pressurized 

from sea level to 12, 500 feet. Above this 
altitude, either of two (2. 75 psi or 5. 00 psi) 
cockpit pressure schedules are available 
through a selectively controlled automatic pres­
sure r egulator. The hot air from the engjne 
compressor is cooled by passag e through a 

cooling unit. If additional heat is requi red, an 
electric cockpit heater is automatically ener ­
gized and cycled on and off to maintain se l ected 

cockpit temperature. A i r outle t s are locat ed 
on both sides of the cockpit, above the console s 

and forward of the pilot's feet . 

Cockpit Pressure C ontrol 
111 A cockpit pres sure control leve r is lo c -
ated on the left aft console. With th e lever in 
eitherofthe ON positions, the system shut-off 

valve in the aiT supply line from the en gine 
compressor section is open and sufficient air 

flows into the cockpit to maintain th e s elected 

pressure schedule. D u r ing operation o n the 
lower pressure schedule , the regulator main­
tains a cockpit altitude of. 12, 500 feet until a 

fli ght altitude of 21, 200 fe-ct is reach ed. Above 
21, 200 feet, the regulator maintains a constant 

cockpit pressure 2. 7 5 psi g reater than the 
corresponding outside air pressure. Th e hi gher 
pressure schedule maintains a cocl':pit altitu de 
of 12, 500 fe e t up to a fli ght altitude of 31, 000 
feet, with a 5. 00 psi pressure differential 
maintained. above that altitude. At altitudes 
above either 21, 200 or 31, 000 feet, depending 
on the pressure schedule selected, the cabin 

altimeter w i ll rise above 12, 500 feet on a scale 
proportional to the flight altitude. S ee fi gur e 

l - 27forcomparisonofflight altitude to cockpit 
altitude and for cockpit altitud e tolerances . 

112 On aircraft 19122 and 19141 to 19272 in­
clusive, the cabin altimeter is replaced by a 
pressure gauge. A conversion chart for this 

gauge is installed o n the right side of the 
canopy. When the l e v er is moved to OFF 

(RAM AIR ON-DUMP OPEN}, the system shut­
off valve is closed and an emergency dump 
valve i s opened, releasing cockpit pressure 
and allowi ng ram a i r to enter the cockpit. T he 
ram a ir may be automati cally heated , by the 
cockpit heater in the n ormal system, before 
being d elivered to the cock pit, by positioning the 

t emperature control switch to HOT. 

Cockpit Pressure Control Switch 

113 On aircraft 19453 and sub~equent, a 
two-position cockpit pressure control switch 
is on the left aft console. When the switch is 
place d at RAM, the system shut -off valve is 

closed an d the cockpit dump valve and a ram­
air shut-off valve are opened . This shuts off 
all incoming pressurized hot air from the 
engine compr essor, ·releases the cockpit pres­
sure , and permits cold ram-air to enter th e 
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cockpit. The ram-air may be heated by turning 
the air temperature control rheostat to HOT & 
HEATER ON. To provide controlled cockpit 
-pressures, the pressure control switch is set 
at PRESS. This opens the system shut-off 
valve and closes the ram-air shut-off valve so 
that air flows into the cockpit to maintain the 
selected cockpit pressure schedule, as deter­

mined by the pressure selector switch . A dive 
rate control unit is installed on the pressure 
regulator to regulate the rate of pressure dif­
ferential increase at one psi per minute . 

Cockpit P ressure Selector Switch 
114 On aircraft 1945 3 and subsequent, a 
pressure selector swit c h, located on the left 
aft console, is positioned at either 2. 75 psi or 
5 psi to select the de s ired cockpit pressure 

schedule. 

NOTE 

Moving the coc k pit pressure control lever 
to OFF on aircraft 19102 to 19452, or 
moving the pressure control switch to 
RAM on aircraft 19453 and subsequent, 
also shuts off all air supply for wind­
shield de - icing and canopy defrosting . 

Air Outlet Selector 
115 An air outlet selector, inboard of the 
pressure control lever on the left console, can 
be positioned to FLOOR, DEFROST (wind­
shield), or BOTH and air will be delivered to 
the corresponding areas. Direction of airflow 
from the outlet on the left side of the cockpit 
can be manually controlled by rotation of the 
outlet, and airflow on the right side of the cock­
pit can be manually controlled by use of an air 
outlet control valve under the right longeron. 
Both outlets can be shut completely. 

Coc kpit Air Temperature Control Switch 
116 Temperature of the air admitted to the 
cockpit is controlled by a four-position temp ­
erature con trol switch on the left aft console . 
With the switch in the AUTO MA TIC position, 
air t e mperatu re is automatically maintained at 
the temp e rature selected by the cockpit air 
temp erature control rheostat. In case of failure 
of the automatic control system, the switch 
m a y be moved to HOT or COLD until the desi r ed 
cockpit temperature is reached. On aircraft 
prior to 19453, the switch is spring-loaded to 
the HOT or COLD position a n d will automat­
ically return to OFF when released. On air-
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craft 19453 and subsequent, the switch guard 
holds the switch in AUTO po sition when not in 

use . 

Cockpit Air Temperature Control Rheo stat 
117 Coc k pit air temperature is s e l e cted by 
the temperature contro l rh e ostat on th e l eft aft 
consol e . With the temperature control switch 
at AUTOMA T IC, the rheostat may be positioned 
in the range between 4°c and 27°C to maintain 
the d e s i red cockpit te mpe rature . When high 
outside air temperatures are encountered, th e 
refrigeration unit m a y be oper a ting at full 
capacity to provide cockpit cooling, and turning 
the control rheostat to a lower setting may not 
result in additional c o c kpi t temperature 
reduction. 

DEFROSTING AND DE-ICING SYSTEMS 
General 
118 Windshield defrosting 
by directing heated cockpit 
windshield defrost outlets . 

is accomplished 
air through th r ee 
Perforated tubes 

along the windshield and canopy t racks direct 
engin e compressor air for auxiliary canopy 
defrosting . Windshield de -icing is provided 
from an o u tlet that circulates e ngin e compre s -
sor air b e t wee n the outer windshield and the 
armour glass . A windshield d e -icing air 
heater automatically provides additional heat 
if necessary. For information on the windshield 
d e -frosting air outlet selector, r efe r to Para­
graph 113, preceding. On aircraft 19453 and 
subsequent a layer of heater air is passed o v er 
the outside surfac e of the windshield. 

Windshield De -icing Control Lever 
119 Windshield de -icing is turned ON or OFF 
by means of a windshield de-icing control lever, 
located forward of the air outlet, above the left 
aft console. The windshield de -icing air heater 
will operate only when the de- icing control 
lever and the pressurization system are turned 
on, and the engine is ope rating. On aircraft 
19453 and subsequent, this system should only 
be used during icing conditions and in all other 
cases the lever must be OFF. 

NOTE 

When the windshield de -icing system is 
turned on, the e lectric cockpit heater is 
inoperable. 

Auxiliary Canopy Defrost Control Lever 
120 Air to both sides of the canopy is 

controll e d b y a defrost control lever on the l e f t 
longeron i n t he cockpit. P ull ing the l eve r aft 
turns t he system off; pushing i t forward turns 
the system on. Since no t e m pe rature protection 
is p rov ided , do not o p erate th e system on the 
ground if outsi d e t e mp e rature above is 32°C. 

NOTE 

To prevent fo rmation o f frost on the 
c anopy due to rapid c hang e s in tempera ­
ture and humid ity du ring a d e scent from 
altitude , it is r e c omme nd ed that th e 
a uxiliary canopy d e frosting s ystem be 
maintained on or partially on in flight at 
all times unless the c ooling s ys t em is 
unable to maintain tole rable c o ckpit 
temperatures. 

Windshield Anti-icing Overheat Warning Light 
121 On aircraft 194 53 and subsequent, 
indicati o n of anti-icing air t emperatures i n 
excess of 135°C 1s provided by an amber 
wa rning light on the left side of the cockpit , aft 
of the side air outlet. The light is c ontrolled 
by an overheat thermostat in t he anti -icing air 
outlet. The windshield anti-icing l eve r sh o11 ld 
be moved to OFF when light com e s on . 

Fuel Filter De-icing System 
122 Fuel filter de -icing is accompli shed by 
injecting alcohol into the fuel entering the filter. 
Alcohol from a one gallon reser voir is pumped 
by an electric pump to the fuel filter inl e t. The 
alcohol supply will last for approximately one 
minute of de-icing operation . A fuel filter 
de-icer button, on the left sid e of the instrument 
panel shroud, controls the alcohol pump. 
Warning of the presence of ice in the fuel filter 
is indicated by illumination of the amber light 
located next to the de-icer button. The light 
will go out when ice has been removed. 

Pitot Heater 
123 The pitot tube is heated by an electric 
heater in the pitot head which is controlled by 
a circuit breaker on the left forward console. 
The pitotheater should not be used on the ground 
as serious overheating will occur. 

OXYGEN SYSTEM 
General 
124 A low pressure oxygen system is used, 
including a pres sure -de mand r egulator, a flo w 
indicator, and a pr e ssure g auge . Normal 
minimum pressu re for the system is 400 psi. 
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On aircraft 19102 to 19500, the A-14 pressure­
demand regulator is installed. O n aircraft 
19501 and subsequent, the D-1 regulator is 
installed. (See EO 05-1-1, Pilots Operating 
Instructions Gen eral , Part 3, Chapter 9, for 
d e tails of the regulators.) 

O xygen Pressure G auge 
125 On aircraft 19102 to 19500 an oxygen 
pressure gauge is locate d on the left forward 
console. On aircraft 19501 and subsequent a 
combination oxygen pressure gauge and flow 
indicator 1s located on the face of the D-1 
regulator. 

Oxygen Flow Indicator 
126 O n aircraft 19102 to 19500 a blinker­
type oxygen flow indicator, located on the left 
forward console, provides a visual indication 
that oxygen is being supplied . On 19501 and 
s u bs equent, a combination oxygen pressure 
gauge and flow indicator is located on the face 
of the D-1 regulator. 

ARMAMENT EQUIPMENT 
G ene r al 
1 27 The aircraft is equipped with a sight for 

use with the machine guns, bombs, chemical 
tanks and rockets. Three . 50 machine guns 
ar e located on eac h side of the engine air 
intake . Bomb racks for bombs or chemical 
tank and rocket launchers may be carrie d under 
each wing . 

A- ICM and A-4 Gun-Bomb-Rocket Sights 
128' The A-ICM sight is used on ai rcraft 
19102 to 19464 inclusive, and the A-4 sight is 
installed in aircraft 19465 and subsequent (s ee 
figures 1-28, 1 -29 and 1-30). Both sights 
operate on the same principles and are 
basically similar, the A-4 sight being a 
redesign of the A-lCM. The sight i s located 
above and forward of the instrument panel 
shroud and au tomatically shows the computed 
lead on a t arget. It may be also used for rocket 
fi ri n g and for bomb release. The s ight reticle 
image va ries with the two sights. On the 
A - lCM, the image is a centre dot and a circle ; 
the A-4 sight has the same centre dot, but the 
outer circle is compose d of a number of 
diamond -shaped dots. The image is projected 
on the windshield armour glass or on the 
reflector glass aft of the windsh ield and indi ­
cates the required lead for gun and rocke t 

40 

Figure 1-28 A -ICM Sight (Aircraft 19102 to 19121, 19123 to 19140) 
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firing. Range data for gunnery operation is 
supplied to the sight by the AN/APG-30 radar 
ranging equipment or by a manual range con­
trol. The radar system provides automatic 
search within its range. It automatically locks 
onto and tracks a target in range and indicates 
when the equipment is tracking a target. Bombs 
can be released automatically at the proper 
release point by a mechanism within the sight. 
Electrical power (a. c . ) is supplied to the sight 
through the single -phase inverter, and manual 
sight ranging may be used if the power supply 
or radar fails. The sight can be operated as a 
fixed-reticle sight as long as d. c. power is 
available. 

Gun Safety Switch 
129 Electric power for operating the sight, 
gun camera, radar and guns is controlled by 
the guarded gun safety switch on the centre 

pedestal. Po wer is supplied to the sight, 
camera, and radar when switch is in either 
GUNS or SIGHT CAMERA RADAR position. 
The gunfiring circuit receives power only when 
switch is at GUNS . When guard is down,_ the 
switch is OFF, 

Reticle Dimmer Control 
130 Brilliance of reticle illumination m a y be 
adjusted by means of a reticle dimmer c o ntrol 
to the right of the sight. When the sight is not 
in use, the dimmer control should be turned to 

DIM. 

Filament Selector Switches 
131 On a i rcraft 19102 to 19464, two filament 
selector switches allow selection of either 
primary or secondary filaments in the lamps 
that illuminate the reticle dot and circle, should 
one of the filaments burn out. The filament 
selector switches are located on the centre 
pedestal. (See figure 1-31.) 

132 On aircraft 19465 and subsequent 
selection of alternate filaments (primary or 
secondary) within the lamp that illuminates the 
sight reticle image is controlled by the filament 
selector s w itch on the centre pedestal. (See 

figure 1-3 2 . ) 

Sight Electrical Caging Button 
133 An electrical caging button is provided 
on the throttle grip to stabilize the reticle 
image while manoeuvring for an attack. 

Figure 1-29 A-ICM Sight (Aircraft 19122, 19141 to 19464) 
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Sight Mechanical Caging Lever 
134 A mechanical caging lever, on the right 
side of the sight is moved left to CAGE and 
right to UN CAGE. For firing at ground targets, 
o r in the event of sight failure, the caging 
lever may be placed at CAGE and the reticle 
used as a fixed sight. 

Wing Span Adjustment 
13 5 Used in connection with the manual 
ranging system during gunnery o peration, the 
w ing span dial or knob is set to correspond to 
t he s p an of the target aircraft. 

NOTE 

It is not necessary to put in span 
adjustment when radar ranging is used. 

Manual Ranging Control 
136 A twist grip incorporated in the throttle 
lever provides for manual ranging during 
gunnery operation when radar ranging is erratic 
(bel ow 6000 feet on overland targets}. The 
range control covers a span of 1500 feet, from 
app roximately 1200 feet to approximately 2700 
feet. Clockwise rotation of the twist grip 
re duces the range (increases reticle size). The 
manual ranging control is spring-loaded to the 

full counterclockwise position for operation of 
the radar rapging system. 

Radar Target Selector 
137 When the radar detec t s a targ et , i t locks 
on it and measures its range. The radar may 
be shifted to another target by means of a target 
selector button on the con t rol stick grip. 
Holding the selector button d e press e d for 
s everal seconds causes the r adar t o rej ect the 
target upon which it had locked. The radar can 
then lock on the target s at r a nges g reate r than 
the one it was cau s ed t o re j e ct, until the 
maximum radar sweep range i s- rea·che d. It 
then automatically recycles, comme.ncing to 
sweep from minimum sweep range. On a irc raft 
equipped withA -4 sights, depressing t h e radar 
target selector button automatically move s t h e 
sight function selector lever to G U N . 

Radar Range Sweep Control 
138 The range sweep control rhe o s tat on the 
left side of the instrument pane l s hrou d can be 
used to lower radar ranging d istanc e to prevent 
radar from locking on the earth whe n ai rcraft 
is at low altitude. Turning the rheos tat toward 
MINIMUM decreases the range. Ran ge i s 
increased when rheostat is tu r n ed t oward 

Figure 1 - 30 A-4 Sight (Aircraft 19465 and Subsequent) 
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MAXIMUM. During normal operations ,control 
should be at MAXIMUM . 

Bomb-Target Wind Control 
139 The bomb-target wind control on the 
centre pedestal is used for bombing operations 
only. Setting the B-TW control adjusts the 
sight to compensate for the components of wind 
velocity and target motion parallel to the 
direction of the attacking aircraft. For 
stationary targets, corrections are made on 
the dial UPWIND (for bombing run into a head 

1 

2 

3 
4 

5 

6 

7 

Rocket dive angle control. 
Rudder lock. 
Bomb-target wind control. 
Demolition bomb arming switch. 

Demolition bomb all-single selector 
switch. 

Demolition bomb release selector 
switch. 

Gun charger switch (Aircraft 19201 
and subsequent) 

Figure 1-31 Centre Pedestal 
(Aircraft 19102 to 19464) 

1 Bomb tar get wind control. 
2 Si ght function selector lever. 
3 Rocket setting lever. 
4 Sight selector unit. 
5 Target speed switch. 
6 Instrument power selec tor switch. 
7 Fragmentation bombs ~ndicator li ght. 
8 Frag mentation bombs release switch. 
9 Chemical or tow target release switch. 
10 Sight filament selector switch. 
11 Demolition bomb release selector 

switch. 
12 Demolition bomb all-single selector 

switch. 
13 Demolition bomb arming switch. 
14 Rocket arming switch. 
15 Rocke t jettison switch. 
16 Rocket sing le -auto selector switch. 
1 7 Gun (sight, camera, radar) safety 

switch. 
18 Gun heater switch. 
19 Gun charger switch. 
20 Rudder lock. 

Figure 1-32 Centre Pedestal 
(Aircraft 19465 and Subsequent) 
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wind) or DOWNWIND (when bombing run is made 
with a tail wind,) according to the estimated 
wind velocity. If wind direction is not in line 
with the cou r se of the aircraft during a bombing 
run, the amount of correction must be 
estimated. When the target is moving, addi­
tional corre ction must be made for velocity of 
target. For approaching targets, correction is 
DOWNWIND; for receding targets, correction 
is UPWIND. When the target is travelling at 
right angles to the line of attack, no correc tion 
is necessary. When the sight is used for firing 
either rockets or guns, the pointer should be 
positioned on ROCKET GUN. 

Rocket Dive Angle Control (A-ICM Sight} 

140 For rocket firing, the rocket dive angle 
control on the centre pedestal is used to provide 
a depression angle correction for the type of 
rocket to be fired and the intended dive angle 
of the attack. Settings are provided for three 
types of rockets: 5 HVAR, 3. 5 AR and 5 AR. 
At each of the three positions are two de tents, 
marked S and N, for setting the intended dive 
angle. For attacks between O and 40 degrees, 
set the control at N (Normal), and for attacks 
between 40 and 60 degrees, set the control at 
S (Steep). When the sight is used for firing 
guns or dropping bombs, the R -DA control 

should be placed at the GUN BOMB position. 

Sight S e lector Unit (A-4 Sight} 
141 Three si ght controls, the rocket setting 
lever, the si ght function selection lever, and the 
target speed switch , are incorporated in the 
sights elector unit. The rocket setting lever has 
the same functions as it has on the A-ICM. The 
sight function selection lever is set at either 
BOMB, GUN or ROCKET to adjust the sight 
system for the desired operation. When the 
selector lever is moved to BOMB, the sight 
reticle image dot is depressed to approximate 
the bomb trajectory. Moving the function sel­
ector lever to ROCKET permits subsequent 
operation of the rocket setting lever to adjust 
the sight reticle image for rocket firing. The 
selector lever will automatically return to GUN 
position, if set at BOMB or ROCKET, when the 
radar target selector button on the stick grip is 
depressed. The target speed switch is used 
during gunnery missions to control lead angle 
data in accordance with the speed ratio between 
the attacking aircraft and its target. When an 
attack is to be made on a slow target, the target 
speed switch is set at LO. The switch is moved 
to HI when the target speeds are high. The TR 

position is used when firing on a drogue or other 
training target. 

Radar Target Indicator 
142 On aircraft equipped with the A-lCM 
sight, the radar target indicator is on the centre 
of the instrument panel shroud . On aircraft 
with A-4 sights, the indicator light is located 
on the sight head just below the range dial. In 
either installation, the light is illuminated when 
the radar ranging equipment locks on a target. 

Sight Range Dial 
143 The target range, in hundreds of feet as 
determined by range data supplied to the sight 
by the radar or the manual ranging, is indicated 

by the range dial. The dial, which is located 
on the left side of the sight head, indicates 
gra duations in 100 feet intervals and covers a 
span of 600 to 6, 000 feet . 

Gunnery Equipment 
144 A bank of th ree . SO-calibre machine guns 
is mounted on each side of the engine air intake 
duct in the nose of the aircraft. Three hundred 
rounds of ammunition may be carried for each 
gun, although the normal load is 26 7 rounds. 
Guns cannot be charged in flight on aircraft 
19102 to 19200 inclusive , but are charged before 
take -off by means of a manual charger stowed 
in each gun compartment. Aircraft 19201 and 
subsequent are equipped with a pneumatically 
operated automatic gun charging system. 
Charging of individual guns occurs automati­
cally to correct any fai lure to fire condition 
caused by faulty ammunition. Simultaneous 
charging of all guns, or retraction of the gun 
bolts, may be selectively controlled by means 
of the gun charger switch. The system includes 
an air storage tank and a pressure -controlled 
compressor to maintain adequate continuous 
air pressure for charger operation. A camera 
mounted in the nose below the intake duct is 
operated automatically when guns or rockets 
are being fired, or maybe operated separately. 

Trigger 
145 The control stick contains a trigger for 
firing the guns and for operating the gun and 
sight camera. The trigger has two definite 
positions when depressed; the first position 
operating the camera and the ammunition 
booster, the second position firing the guns. 

Gun Charger Switch 
146 Selective control of the gun-charging sys -
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tern is provided on aircraft 19201 and subse -
quent by the charger switch on the centre ped­

estal. The three -position switch, which actu­
ates all gun chargers simultaneously, is 
spring-loaded from RETRACT and RELEASE 
positions to the centre (off) position. Moment­
arily holding the switch at RETRACT cause:; 
the gun bolts to be brought to the rear and held 
in this position. Release of the bolts and subse -
quent charging occurs when the charger switch 
is momentarily held at RELEASE or the trigger 
is depressed to fire the guns. Since the charging 
system automatically charges the guns when­
ever stoppages take place during gun firing, the 
charger switch is normally used only .for initial 
charging of the guns before firing or for moving 
gun bolts to desired positions. The RETRACT 
position is utilized when it is necessary to have 
the bolt~ at the rear for safety (preventing 
cock-offs) or gun cooling purposes; RELEASE 
allows the bolts to go forward to aid gun heatin g . 

Gun Heater Switch 
147 Electric gun heaters, one mounted on 
each gun, are controlled by the gun heater 
switch on the centre pedestal. Turning on the 
gun heater switch also turns on ammunition 
compartment heat by permitting heated air, 
which is extracted from the cockpit air condi­
tioning system, to enter the compartments. 

Ammuntion Heat Emergency Shut-off Control 
148 An ammunition compartment overheat 
warning light and emergency shut-off control· 
are provided on the left aft console. The warning 
light illuminates when the temperature in the 
armament compartments becomes excessive, 
and the ammunition heat emergency shut-off 
control should be pulled. The emergency 
shut-off cannot be reset in flight and should not 
be used until it is certain that the warning light 
will remain on. A momentary illumination of 
the warning light does not necessarily indicate 
system malfunction. 

Bombing Equipment 

Figure 1-33 Possible Armament and 
Drop Tank Installations 

149 A removable bomb rack can be installed 
on the lower surface of each outer wing panel. 
Each rack will carry single bombs from 100 to 
1000 pounds, bomb clusters up to 500 pound 
size, a chemical tank, or one fragmentation 
bomb rack assembly, (see figure 1-33). The 
sight is used for bomb sighting and automatic 
bomb release. Controls are provided for normal 
or emergency release of either demolition or 
fragmentation bombs. Normal release may be 
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accomplished automatically or manually, with 
bombs released singly or simultaneously. The 
arming condition of bomb nose and tail fuses, 
.upon release, is also selectively controlled. 
A mechanical emergency release system is 
incorporated on aircraft 1930 l and subsequent. 

fC€~:~~t~ml 
To prevent bombs from striking the air -
craft, do not release 500 or 1000 pound 
bombs by means of the sight or during any 
negative G-load condition. 

Demolition Bomb Single -All Selector Switch 
150 The demolition bomb single -all selector 
switch on the bomb section of the centre ped­
estal, provides for releasing bombs (except 
fragmentation bombs) or chemical tanks singly 
or simultaneously when bomb-rocket release 
button on the control stick grip is depressed. 
With the selector switch set at SINGLE, the 
left bomb rack is tripped as the release button 
is a';tuated. The right rack releases when the 
release button is depressed again. Bomb racks 
release simultaneously when the demolition 
bomb selector switch is at ALL and the bomb­
rocket release button is depressed. 

Bomb-Arming Switch 
151 All bombs, with the exception of frag­
mentation bombs, are armed by means of an 
arming switch in the bomb section of the centre 
pedestal. With the switch at NOSE & TAIL, 
bombs are armed to explode instantly on 
impact. With the switch at TAIL ONLY, bombs 
are armed for delayed detonation; with the 
switch in the OFF position, bombs will be 
released unarmed. 

Demolition Bomb Release Selector Switch 
152 A two-position bomb release selector 
switch on the• centre pedestal provides for 
selecting either MANUAL RELEASE or AUTO 
RELEASE. With the switch at MANUAL 
RELEASE, bomb release occurs when the 
bomb-rocket release button is depressed, pro­
vided that the demolition bomb single -all sel­
ector switch is at SINGLE or ALL. When the 
selector switch is in the AUTO RELEASE 
position and the release button is held closed, 
the bomb is released automatically, by mech­
anism within the sight, when the path of the 
aircraft on the bombing spiral is tangent to a 
bomb trajectory. During both release con­
ditions, the correct bomb release point is 
indicated by automatic extinction of sight reticle 
image circle . A red flashing bombs -away light 
is reflected on the windshield armour glass 
from the sight when bomb is released. (The A-4 

sight does not incorpo~ate the flashing bombs­
away light.) If the bomb single -all selector 

switch is in the SINGLE position, only one bomb 
(lefthand bomb released first) will be dropped 
during each bombing run. 

Fragmentation Bomb Sel~ctor Switch 
153 The fragmentation bomb selector switch 
is located on the right side of the centre ped­
estal and should be used during release of frag­
mentation bombs only. Placing the switch at 
SINGLE TRAIN results in release of fragmen­
tation bombs in a train, from the left rack and 
then from right, as long as bomb-rocket release 
button is depressed. When the fragmentation 
bomb selector switch is at ALL TRAIN, the 
bombs are released in a train, from left and 
right racks simultaneously. Bombs are auto-

Figure 1-34 Rocket Firing Order 
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ma tic ally armed upon release. Whenever frag­
mentation bombs are to be released the demol­
ition bomb release selector switch must be at 
MANUAL RELEASE position. 

'Fragmentation Bomb Indicator 
154 The fragmentation bomb indicator, adja­
cent to the fragmentation bomb switch on the 
c entre pedestal, is illuminated when the switch 
is moved to either SINGLE TRAIN or ALL 
TRAIN position. The light is automatically 
extinguished when the last fragmentation bomb 
is released. 

Bomb-Rocket-Tank Salvo Button 
155 All external loads (bombs, fragmentation 
born bs, rockets, droppable fuel tanks, and 
chemical tanks) may be salvoed unarmed by· 
depressing the bomb-rocket-tank salvo button 
recessed in the left forward console. Bombs 
and rockets are salvoed unarmed, regardless 
of position of arming switch. 

Emergency Jettison Handle 
156 On aircraf t 19301 and subsequent, all 
external loads may be released unarmed by 
pulling the guarded emergency jettison handle 
recessed in the inboard face of the left forward 
console. Actuation of the handle jettisons the 
load mechanically, independently of the elec -
trical release systems, and automatically 
interrupts the bomb-and-rocket-arming cir­
cuits. Therefore, when the emergency jettison 
handle is used, bombs and rockets are released 
unarmed regardless of arming switch position. 

Rocket Equipment 
1 57 Eight rockets may be carrie d under each 
wing on f our removable rocket launchers, each 
holding two rockets, one above the other. The 
sight is used for aiming rockets and the rockets 
are fired by depressing bomb-rocket release 
button on the control stick grip. The camera 
in the nose of the aircraft operates automati­
cally when rockets are fired. 

Rocket Release Selector 
158 A rocket release selector on the centre 
pedestal has OFF, SINGLE and AUTO positions. 
With selector at SINGLE, one rocket is fired 
with each depression of bomb-rocket release 
button. With selector at AUTO, all rockets are 
released in train with one maintained de pres -
sion of the stick grip release button. Sequence 
of rocket release is shown in figure 1-34. 
Automatic firing will s top whenever button is 

released. The release selector will no t functi on 
unless the rocket jettison switch is at OFF. 

Rocket Fuse Arming Switch 
159 Rocket arming is controlled by the rocket 
fuse switch on the centre pedestal. When switch 
is at INSTANT, the rocket nose fuse is armed 
to provide instantaneous detonation upon con­
tact. The nose fuse is unarmed when switch 
isat DELAY or OFF, but an internal fuse will 
cause delayed detonation after impact upon a 
normal release condition. Nose fuse arming 
is selective during jettison release . During 
salvo release, the nose fuse is automatically 
unarmed . The internal fuse is inoperative 
during jettison and salvo release c onditions. 

Rocket Projector Release Control Indicator 
160 The projector release control, mounted 
on left side of cockpit, is an interv a l ometer for 
releasing rockets in sequence during automatic 
and manual release. When the rocket selector 
switch is atAUTO and the bomb-rocket release 
button on the control stick grip is depressed, 
the proje ctor release control will release rock­
ets in sequence at approximately 1/ IO-second 
intervals as long as the release button is held 
down. With the selector switch at SINGLE, one 
rocket is released each time the release button 
is actuated and the projector release control 
automatically maintains the correct firing 
sequence. An indicator visible through window 
in projector release control housing, indicates 
the rocket to be fired. The reset knob is used 
to return the dial to position 1 when all rockets 
have been released, or is set for release of any 
one particular rocket in case of misfire or other 
malfunction. If the lower rocket fails to fire 
during a normal release, the upper rocket on 
the same mount cannot be fired. The unfired 
rockets should be jettisoned in a safe area. 
Jettisoning is not selective, all rocket stations 
jettisoning simultaneously. 

Rocket Jettison and Salvo Controls 
161 Controls are provided for releasing 
rockets simultaneously by either jettison or 
salvo release. The rockets are automatically 
dropped safe by the bomb-rocket-tank salvo 
button. A mechanical emergency release sys­
tem, incorporated on aircraft 19301 and sub­
sequent, is operated by the emergency jettison 
handle. Rockets cannot be jettisoned or salvoed 
electrically when aircraft is on the ground, as 
these circuits are inoperative when weight of 
the aircraft is on the landing gear. 
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Rocket Jettison Switch 
162 The rocket jettison switch on the centre 

pedestal permits the rockets to be -released 
simultaneously, in nose fuse armed or unarmed 
condition, by means of the bomb-rocket release 
button on the stick grip. On aircraft 19301 and 
subsequent, rockets are jettisoned unarmed 
only. Rocket jettison release is accomplished· 
by setting rocket fuse switch at desired posi­
tion, moving jettison switch to READY, and 
depressing bomb-rocket-release button. The 
jettison switch must be OFF for the rocket 
release selector to be operative. 

I WARNING I 
Rocket fuse switch must be pre set at OFF 
or DELAY to jettison rockets unarmed 
in event of engine failure on take -off. 

Emergency Jettison Handle 
163 Refer to Paragraph 154, preceding. 

Chemical Tank Equipment 
164 A type AN-MIO chemical t ank may be 
carried on each bomb rack. Tank se l ection is 
provide d by a switch on the c entr e pedestal and 
after discharge of chemicals by means of bomb­
rocket release button, the tanks maybe dropped 
by operation of the bomb-rocket-tank salvo 
switch, the normal bomb release system, or 
theemergencyjettisonhandleon aircraft 19301 
and subsequent. 

COMMUNICATIONS EQUIPMENT 
General 
165 The following communications equipment 

is installed in the aircraft: 

(a) On aircraft 19461 and subsequent, an 
AN/ARC-3 transmitter-receiver is installed. 
On aircraft prior to 19461, the ICA-67 was 
installed but is to be replaced by the AN/ ARC-3 
as available. 

(b) AN/ARN -6 Radio compass. 

(c) On aircraft l9I02to 19205 inclusive, an 
SCR 695A IFF installation is provided. 

(d) On aircraft 19206 and subsequent, an 
APX-6 IFF installation has been provided. 

VHF Equipment 
166 The VHF transmitter-receiver, remotely 
controlled f rom the right console, operates on 

ten frequencies for the ICA-67 and 8 frequencies 
for the AN/ARC-3. OFF position for the equip­

ment is against the fully clockwise stop. 

Radio Compass 
167 The AN/ ARN-6 radio compass 
is installed on the instrument panel. 
are on the right console. 

Identification Equipment 

indicator 
Controls 

I 68 An SCR-695A radar IFF set is incorpor -
ated in aircraft 19102 to 19205 inclusive, to 
provide for identification of friendly aircraft. 
An additional function permits transmissions of 
an emergency or distress signal. The controls 
are mounted on the right console and consist of 
an ON-OFF switch, a destructor switch (inoper­
ative), a code selector switch marked from 1 
to 6, an emergency position and a band switch. 
The circuitbreaker for the system is installe d 
on the left c ircuit breaker panel. The inertia 
switch is not installed in the aircraft. 

169 An APX-6 radar is installed on aircraft 
19206 and subsequent . The necessary switches 
for ,operation of the equipment are installed on 
the right console. Ope ration of the APX-6 radar 
is as foll ows : 

Before take -off check that the APX-6 
frequency counters have been set to the 
proper frequency channels and that the 
three destructors have been inserted in 
the face of the IFF transponder . (IFF 
units are accessible through the radio 
access door on the left side of the fuse -
lage ). Remove all three de structors 
immediately after landing and insert 
dummy plug. 

(a) Rotate master control to NORM position 
(full sensitivity and maximum performance) or 
to STBY or LOW as required. 

(b) Set the mode 2 sv;itch to re qui red posi -
tion. Normally, this will be I/P. 

(c) Setthemode 3 switch to required posi-
tion. Normally this will be OUT. 

(d) For emergency operation, press the 
dial stop and rotate the master control to 
EMERGENCY position. In this position, the 
equipment will automatically transmit a signal 
indicating that the aircraft is in distress and 
requires immediate assistance. 
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(e) An impact switch to fire the destructors 
and destroy the !FF system is incorporated in 
the system as a security measure . However, 
the destructors may be fired manually by a 
destructor switch on the !FF control panel. 
To manually fire destructors, lift destructor 
switch guard by breaking the safety wire, and 
place toggle switch in the ON position. The 
destructor switch should be operated only when 
the APX-6 equipment is in danger of falling 
into enemy hands. 

(f) To turn off equipment, rotate the master 
switch to OFF position. If the APX-6 trans -
ponder was destroyed during flight, report this 
information immediately upon landing. 

ENGINE FIRE DETECTOR SYSTEM 
General 
170 Warning of engine fire is given by two 
indicator lights mounted on the shroud above the 
right side of the instrument panel. Two lights, 
marked FWD and AFT are provided to show 
which section of the fuselage contains the fire . 
A stainless steel fire-wall divides the engine 
compartment at a point immediately aft of the 
compressor. FWD includes the compressor 
and accessory section; AF T, the combustion 
chambers and tail pipe. Operation of warning 
system and lights can be checked ·by means of 
the system test button below the lights. The 
lights are push-to-test type, permitting check 
of bulb illumination independent of system 
operation. 
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HANDLING 

PRELIMINARIES 
Before Entering Aircraft 
1 Perform the following checks: 

(a) Check Form Ll4Afor engineering status 
and make sure aircraft has been serviced 
with required amounts of fuel, oil, hydraulic 
fluid, and oxygen. Check that cooling turbine 
has been serviced and that fuel filter de-icer 
alcohol tank is full. Make preflight check as 
shown in figure 2-1. 

(b) The cockpit is accessible from either 

side of the aircraft. The lower ammunition 
acces~ door on either side of the fuselage 
hinges down to serve as a step up to the wing. 
A kick-in step and handle are provided above 
the access door . The canopy is operated by 
means of two electrical push buttons located 
on either side of the fuselage below the edge of 
the windshield. (S ee figure 2- 2 . ) 

[C~~~:~~~2:] 
Do not use handle on fuselage side for 
a step. Do not step on canopy seal or 
track . 

2 Befor e entering cockpit, che ck the canopy 
ejection gun and ejection seat as follows: 

(a) Open canopy fully in order to check 
canopy ejection gun. 

(b) Visually check connection of firing 
cable from seat right hand-grip to canopy re­
mover gun firing lever. 

(c) Be sure canopy gun ground safety pin 
has been removed from hole above the firing 
lever. 

(d) On the seat, make sure that safety pin 
is connected to canopy emergency release 
cable and that safety wire is installed in end 
of safety pin. 

(e) Check connection of firing linkage from 
tri gger to seat catapult firing lever. 

(f) Be sure safety seals are not broken. 

(g) Check that the ground safety pin has 
been removed from hole above firing lever. 

(h) Check cable and linkage from left hand-
grip to safety harness inertia reel. 

After Entering Aircraft 

NOTE 

3 

(a) 

A Pilot's Check List is located under the 
right side of the instrument panel. 

Check as follows: 

Armament switches OFF. 

Armament switches must be in the OFF 
position before starting and during ground 
operation, as low voltages will cause 
damage to the sight electronic inverter 
with the switches ON. 

(b) Speed brake switch at neutral. 

(c) Check engine master and emergency 
ignition switches OFF. 

(d) Anti-G suit regulator valve HI or LO, 
as desired. 

(e) Drop tank pressure shut-off ON if drop 
tanks installed, OFF if tanks not installed. 

(f) Cockpit 
AUTOMATIC, 
on rheostat . 

temperature control switch 
desired temperature selected 

(g) Cabin pres sure control at desired pres -
sure schedule . 

(h) Windshield de-ice control OFF. 

(j) Alternate lateral trimming switch at 
NORMAL. 

RESTRICTED 51 



PART 2 

CD 

52 

RES TRICTED 
EO 05-SC- l 

STARTING AT NOSE OF AIRCRAFT, MAKE FOLLOWING 
CHECKS : 

CD NOSE. 
NOSE GEAR GROUND SAFETY LOCK REMOVED. TOW 
PIN SAFETY CAP TIGHT. OJ- NOSE GEAR EMERGENCY EXTENSION ACCUMULATOR 
AIR PRESSURE 1200 PSI (IN NOSE WHEEL WELL.). 
NOSE GEAR OLEO STRUT EXTENSION: TIRE FOR 
SLIPPAGE AND PROPER INFLATION. CHECK FOR 

HYDRAULIC FLUID LEAKS. 
INTAKE DUCT CLEAR. 
GUNS CHARGED; ARMAMENT DOORS SECURED; GUN 
PORT PLUGS INSTALLED. m- GUN CHARGER SYSTE M AIR PRESSURE I 500 PSI 
MINIMUM. 

m G;;AP CAMERA ACCESS PANEL SECURE. 

[!] RED MARKS IN LINE ON PANEL RETAINERS 
IN NOSE WHEEL WELL 

r,;\ FORWARD FUSELAGE AND 
\!:..,/ RIGHT WING UADING EDGE. 

OJ 

III 
0 

SLATS FOR FREEDOM OF MOVEMENT. 
FUEL CAPS (WING ANO FUSELAGE). OlL AND 
HYDRAULIC TANK ACCESS DOORS SECURED. 
DROP TANK SWAY BRACES FOR LOOSENESS. 
PITOT TUBE UNCOVERED; POSITION LIGHT. 

ALL ACCESS DOORS UNDER FUSELAGE SECORE. 

RIGHT WING 'IIIAIUIIG IDGI 
AIID An' FUSBAGL 

AILERON AND FLAP FOR LOOSE RNETS, ETC. 
GEAR DOOR POSITION, GEAR STRUT EXTENSION, 
HYDRAULIC LEAKS; TIRE FOR SLIPPAGE ArD 
PROPER INFLATION; WHEEL CHOCKED. 
UTILITY SYSTEM SPEED BRAKE ACCUMULATOR 
AIR PRESSURE 1200 PSI (IN WHEEL WELL). 
ALL ACCESS DOORS SECURED. 

DUCT IN OIL ACCESS DOOR FOR DUST STREAK 
INDICATI NG A FAULTY GENERATOR. 
COOLING TURBINE SERVICED WITH OIL. 
FLIGHT CONTROL ALTERNATE HYDRAULIC ACCU ­

MULATOR AIR PRESSURE 700 PSI (IN R. H. SPEED 
BRAKE WELL). 

0 EMPENNAGE. 
TAIL SURFACES FOR CONDITION. 
POSITION LIGHTS. 
TAIL-PIPE COVER REMOVED; TAIL PIPE FOR 
CRACKS OR EXCESSIVE DISTORTION. 

/c\ AH FUSELAGE AND UH WING 
\V TRAIUNG EDGE. 

FLIGHT CONTROL ALTERNATE HYDR AULIC ACCU­
MULATOR AIR PRESSURE 700 PSI (IN SPEED BRAKE 
WELL). 

FUEL CAP AND ALL ACCESS DOORS SECURED. 

NORMAL FLIGHT C ONTROL SYSTEM ACCUMULATOR 
AIR PRESSURE 700 PSI (IN WHEEL WELL). 

EMERGENCY FLIG HT CONTROL CIRCUIT 
BREAKER IN. (INSPECT PANEL FORWARD 
OF SPEED BRAKE) 

© UR WIIIC LEADIIIG EDCE A11D 
FOaWARD FUSllACE. 

OJ 
m 

MAKE SAME CHECKS AS ON RJGHT WING IN 
REVERSE ORDER. 

AIRCRAFT 19453 AND SOBSEQUE T 

AIRCRAFT 19201 AND SUBSEQUENT 

Figure 2 -1 E xterior Inspection 
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(k) Throttle control OFF. 

(1) Emer gency fuel switch OFF. 

(m) Alternate longitudinal trimming switch 
at NORMAL STICK GRIP. 

(n) Oxygen regulator air valve at NORMAL 
OXYGEN. Check oxygen pressure and oxygen 
system for operation. 

(p) P itot heat and landing light switches 

OFF. 

(q) Landing gear handle DOWN. 

(r) 

(s) 

Parking brake OFF. 

Instrument power switch at NORMAL. 

(t) Utility hydraulic system emergency 

selector valve OFF. 

(u) Set clock and altimeter. 

(v) 

(w) 

(x) 

Sight dimmer at DIM. 

Generator switch ON. 

Battery-starter switch at OFF. 

(y) External power· source connected to 
both receptacles; all circuit breakers in. 

(z) Wing flap lever UP. 

(aa) Che ck all warning lights and indicators 
for operation. 

(ab) All light switches OFF . 

..... ,, 

Figure 2-2 Entering Cockpit 
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(ac) Release rudder lock, and check rudder, 
ailerons, trim, and horizontal tail for the 
proper response to control action. 

NOTE 

Only the alternate surface control hy­
draulic system will operate until the 
engine is started . After the engine has 
started, the alternate hydraulic system 
may be by-passed and the normal hy­
draulic system brought into action by 
moving the hydraulic power controls 
switch to RESET and then back to 
NORMAL. 

(ad) Gun sight on . Check operation of sight 
(allow approximately 10 minutes for sight to 
warm up) after airborne. 

(ae) Switch ON and check operation of the 
communication equipment. Set to the desired 
frequency, adjust volume control and contact 
ground station for tuning and reception. 

(af) 
dial. 

Check fuel quantity and set totalizer 

ENGINE AT 
MAXIMUM POWER 

NOTE 

On aircraft 191 71 and subsequent , move 
densitometer switch to OUT to check 
that the fuel tanks are full. Return switch 
to IN to provide a continuous gauge indic­
ation of actual fuel quantity based on fuel 
density. 

(ag) Synchronize gyrosyn compass by de­
pressing the knob on the lower left corner of 
the instrument and turn either left or right to 
clear the annunciator window. 

The kno b must not be depressed for 
longer than 2 minutes as heavy current 
drain will damage the clutch mechanism. 

(ah) Adjust ejection seat and headrest, en­
suring that the headrest is securely locked in 
the desired position. 

(aj) 
grips . 

R emove safety pins from seat hand-

BLAST DEFLECTORJ 

If not available, area 
must be clear 200 feet 
aft of airplane. 

- DANGER AREAS 

Figure 2-3 Danger Areas 
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(ak) Prior to night or instrument take-off, 
check all lights and electrical flight instru­
ments. Allow instruments to warm up. 

OPERATION OF THE FUEL SYSTEM 
General 
4 Althou gh operation of the fuel system is 
essentially automatic, requiring no tank sel­
ection, the following supplemental procedures 
are necessary: 

(a) For normal operation, leave emergency 
fuel switch OFF. 

(b) Leave drop tanks pressure shut-off ON 
at all times during flight with drop tanks in­
stalled to make sure that all fuel is used. OFF 

if tanks are not installed. 

(c) Remember that the flowmeter is ca­
librated for 3-GP-ZZa (JP-4, MIL-F-5624A) 
fuel. When operating on gasoline 3-GP-25b 
(MIL-F-5572A grade 100/130). add 10% to 
flowmeter reading. When operating on 3-GP-
23a (JP-1, MIL-F-5616) subtract 5% from 
flowmeter reading. 

(d) Since the de-icing alcohol supply lasts 
for only one minute of de-icing operation, make 
sure the light burns steadily before depressing 
the de-ice button. De-ice for no longer than 15 
seconds at a time. 

ST AR TING PROCEDURE 

I WARNING I 
Before starting engine, make sure 
danger areas fore and aft of aircraft are 
clear of personnel, aircraft, and vehic les. 
(See figure 2-3.) Suction at the intake 
duct is of sufficient magnitude to kill or 
seriously injure personnel if they are 
drawn into or pulled suddenly against the 
duct. Danger aft of the aircraft is created 
by the high exhaust temperature and blast 
from the tail pipe. Whenever practicable, 
start and run up engine on a concrete 
surface to minimize the possibility of dirt 
and foreign objects being drawn into the 
engine. If possible, start engine with 
aircraft headed into or at right angles to 
the wind, as exhaust temperature may be 
increased or an engine fire during start­
ing aggravated by a tail wind. 

Starting Engine 
5 External power supplied through both 
receptacles must be used for starting, a s t he 
battery does not supply power to the starter . 
Start engine as follows: 

(a) Ensure that the energizer 1s functioning 
correctly, is properly connected to the air­
craft, and the voltage is set at 28. 5 volts. 
Ener gizer selected to Gr ound Pow er'. 

(b) Throttle fully back - OFF. 

(c) Turn engine master switch ON, 

(d) Hold battery-starter switch momentar-

ily at the ST ARTER position, then move switch 
to BATTERY position. 

(e) 

NOTE 

It is not necessary to position battery­
starter switch at OFF during engine 
start as battery is automatically cut out 
when starter is in operation. 

The high current required for starting 
will burn out the starter within a few 
seconds if the turbine does not begin to 
turn as soon as the starter is engaged. 
Ifthereis no audible indication of engine 

rotation or if tachometer fails to register 
within a few seconds, depress the PUSH 
TO STOP STARTER button immediately. 

At 3% rpm move throttle outboard to 
energize booster pumps and start ignition. 

(f) At 6% rpm, advance throttle firmly 
with both hands to obtain a fuel flow of from 
500 to 700 pounds per hour. 

Extreme care must be exercised in the 
throttle movements since small adjust­
ments result in large changes in fuel flow 
and exces sive temperature may result. 

(g ) After ignition, allow the temperature . 
to stabilize, then advance the throttle as rapidly 
as possible to idle stop, maintaining the temp­
erature between 600°C and 690°c. 
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(h) Check oil pressure. If there is no in­
dication of oil pres sure within 30 seconds, shut 
down engine and investigate. 

(j) Check engine instruments for desired 
readings. 

(k) Have external power source disconn-
ected after engine has reached 23% rpm. 

NOTE 

Refer to Part 3 following, for instructions 
in case of fire during starting. 

Failure to Start 
6 The start is to be abandoned by depress -
ing the PUSH TO STOP ST ARTER button when 
either of the following conditions arise: 

(a) If ignition has not occurred by the time 
engine speed has reached 9%. 

(b) If the rate of acceleration between 6% 
and 9% is unduly slow coupled with failure to 
i gnite. 9% rpm and ignition should be attained 
within 10 seconds of advancing the throttle. If 
9% rpm is not obtained, the external power 
source should be checked to see that it is 
delivering 28 volts to the starter. Failure to 
stop the starter when the above conditions arise 
will result in excessive temperatures if engine 
should fire after fuel has accumulated in the 
combustion chambers. Wait 3 minutes before 
attempting another start to allow drainage of 
fuel accumulation and to permit starter to cool. 
If fuel to Specification 3-GP-23a (type JP-1) 
is used at ambient temperature below -15°C, 
any excess fuel which may remain in the tail 
pipe is to be removed before attempting a 

further start. 

The starter is limited to three starts of 
one minute duration per start during any 
30 minute period. If more than three 
starts are required, allow starter to cool 

30 minutes before using again. Do not 
use PUSH TO STOP ST ARTER button to 
disengage the starter after normal starts, 
as it will cause rapid deterioration of the 
switch and may also cut out the starter 

too soon, slowing the rate of acceleration. 

Hot Start 
7 Any one start or acceleration, during 
which exhaust temperature exceeds l000°C , 
or any 10 starts or accelerations during which 
exhaust temperature exceeds 870°C but doe s 
not exceed l000°C, shall constitude over ­
temperature operation and will require that 
the engine be removed from the aircraft and 
returned to overhaul. This is required in case 
of 10 hot starts , regardless of time laps e 
between starts. The temperature and duration 
of all overtemperature operation (870°C) shall 
be entered in Form Ll4A. 

8 Five starts or accelerations during which 
exhaust temperature exceeds 870°C require s 
that the engine be carefully inspected for poss ­
ible damage prior to flight . 

9 When a hot start occurs, shut down 
engine immediately. If smoking or fire persists 
enga g e the starter with throttle OFF for approx ­
imately 20 to 30 seconds to rid engine of ex­
cess fuel. 

GROUND TESTS 
G eneral 
10 .No engine warm-up is necessary. As 
soon a s the enp-ine stabilizes at idling speed 
with normal gauge reading, the throttle control 
may be slowly opened to full power . After 
engine is started, check the following: 

{a) 
rpm. 

NOTE 

Rapid acceleration to 100% rpm on a cold 
engine usually results in the exhaust 
temperature exceeding the limits. 

If a full power engine run-up is made 
during ground tests, be sure wheels are 
chocked and, in addition, hold toe brakes 

on. 

Idle rpm should be between 34% and 38% 

(b) Check the hydraulic pressure gauge 
selector switch at NORMAL. Then engage the 
flight control normal hydraulic system by hold­
ing flight control switch at RESET until gauge 
indicates 1000 psi. Allow switch to return to 
NORMAL. Check that alternate system indic ­
ator light is out. 
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(c} Check flight control normal hydraulic 
system as follows: With the flight control 
switch at NORMAL, move the control stick and 
visually check resulta.nt contro1 surface move­
ment. Wait 15 seconds and then check the pres­
sure indicated on the gauge. 

(d} Check alternate flight control hydraulic 
system as follows: With the flight control 
switch at ON EMERG (ALTERNATE ON for 
aircraft 19453 and subsequent}, check that 
alternate system indic a t or light is on. Move 
the control stick and visually check resultant 
movement of the control surfaces. Wait 30 
seconds and, with the pressure gauge selector 
switch at EMERGENCY (ALTERNATE for air­
craft 19453 and subsequent}, check pressure 

indicated on the gau ge , set p ressure gauge 
selector switch at NORMAL and hold flight 
control switch at RESET u ntil gauge indicates 
1000 psi, then release. Alternate system indic­
ator should be out. 

( e ) Checkfli ght control manual emergency 
over ride system on aircraft 19453 and subse­
quent as follows: With flight control switch 
at NORMAL, pull emergenc y override handle 
to ext r eme aft position. Alternate system in­
dicator s hould illuminate. Move control stick 
and visually check control surfaces for proper 
movem ent. Wait 30 seconds, set pressure 
gau g e selector switch at EMERGENCY and 
check gauge ind ic a tion. Return handle to its 
normal pos ition. Mov e pressure gauge selector 
switch to NORMAL and hold flight control switch 
at RESET until gau g e re gisters 1000 psi, then 
release . Check alternate system indicator 
light out. 

If emergency override handle is not pulled 
fully out ther e is a possibility of jamming 
the flight controls. 

(£) Check the utility hydraulic system as 
follows: Run speed brakes throu gh one com­
plete cycle. With the pressure gauge selector 
switch at UTILITY, check pressure indicated 
on the gauge. 

B efore operating speed brakes, be sure 
aft £us elage area around speed brakes is 

clear, as brakes operate rapidly and 
could injure personnel. 

(g) At 45% engine rpm, check electrical 
loadmeter reading. Check voltmeter for reading 
of approximately 28. 5 volts. Generator will 
not operate below approximately 23% rpm. 

11 Signal for removal of wheel chocks. 

12 Parking brakes off . 

Taxiing Instructions 
13 Obs erve the following instructions during 
taxiing. 

(a) Onc e the aircraft is moving, taxi at 
lowest practical rpm. 

(b) Maintain directional control through the 
steerable nose wheel by use of rudder pedals. 
Hold steering switch depressed at all times 

while taxiing. Nose wheel and rudder pedal p os -
itions must be coordinated before steering 
mechanism will engage. 

(c) Avoid excessive or rapid jockeying of 
throttle control during taxiing. 

(d) Minimize taxi time, as aircraft range 
1s considerably decreased b y high fuel con­
sumption during taxiing. Fuel consumption 
with engine operating at 35 to 40% rpm is 
approximately 3 gallons (20 pounds) per minute. 

Procedures Prior to Take-off 
14 Just prior to take-off, complete the fol-
lowing checks. 

H Hydraulic - Pressur e 3000 (+160, -60) 

T 

F 

G 

s 

psi. 

Harness and safety belt - Ti ghtened; 
lockhandle unlocked. 

Trim - Set for take-off. 

Fuel - Sufficient for flight. 

Flaps - One-half DOWN; Speed brakes -
CLOSED. 

Gyros - Uncage d and set. 

Switches - Generator - ON. 
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- Engine master - ON. 

- Battery start - BATT. 

- Instrument power - NORMAL 

- Auto-manual release selector 
switch - AUTO 

- All other armament switches 
OFF 

NOTE 

To jettison drop tanks or other external 
stores during take -off, use bomb-rocket­
tank - salvo button. 

Oxygen - Checked and NORMAL 

Canop y - C losed 

Pitot heat - As required 

15 Taxi to take-off position, heading ai r­
craft straight down runway with nose wheel 
centered. 

Take-off Procedure 
16 For normal take-off, with or without 
drop tanks, proceed as follows: 

(a) Check engine instruments f or desired 
readings. Do not attempt take-off if exhaust 
temperature is below 675°C. 

(bl With throttle control at take-off rpm, 
release brakes and begin take-off run. 

(c) Maintain directional control by using 
brakes until rudder control becomes effective 
at approximately 50 knots IAS. 

NOTE 

Nose wheel steering is not to be used 
during take -off runs except in the case of 
a main tire failure. 

(d) On aircraft fitted with leading edge 
slats, lift nose wheel slightly at approximately 
90 knots IAS. As speed reaches 95 to 105 knots 

IAS, pull back stick to lift aircraft off . 

(e) On aircraft fitted with the extended 
leadin g edge, a clean aircraft weighing 15, 000 

pounds has a nose wheel lift - off speed of 105 
knots and a take-off speed of 120 knots. An 
aircraft, fitted wi th two 167 gallon drop tanks, 

weighing 18,000 p ounds will have a nose wheel 
lift-off speed of 115 knots and a t ake-off speed 
of 130 knots. 

(f) Anose-highattitudemustbe maintained 
for take-off . After take-off, the aircraft will 
assume a more normal attitude as airspeed 
increases and flaps are raised. 

( g) Refer to Take -off Chart in Part 4 for 
required take-off distances . 

(h) Refer to Part 3 for procedure rn case 
of engine failure during take-off. 

17 When aircraft is definitely airborne: 

(a) Landing gear handle UP. On aircraft 
19102 to 19452, when gear unsafe light goes 
out, return handle to COMBAT. On aircraft 
19453 and subsequent, leave handle UP. App­
roximately 8 seconds is required for gear re­
traction. 

(b) Wing flaps UP immediately after land­
ing gear handle UP. No sink will occur because 
of the rapid acceleration of the aircraft. When 
flaps are full up, move the wing flap lever to 

HOLD. 

Aircraft speed must be kept below 185 
knots IAS until the flaps are fully raised 
and the gear is locked up. Otherwise , 
excessive air loads may damage gear 
operating mechanism and prevent sub­
sequent extension of gear . If flaps do not 
fully retract, avoid high-speed, high-G 
pull-ups. Failure of the flap actuating 
mechanism may occur if the flaps are 
not supported against the up-stop (fully 
retracted) during any accelerated man­
oeuvres at high speed. If flaps have been 

left down or inadvertently lowered at 
speeds over 185 knots, leave extended, 
avoid high speeds and land as soon as 
possible. 

(c ) Trim horizontal tail as required. 

(d ) Level off and accelerate immediately 
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to best climbing speed. Refer to Part 4 for 

climb data. 

NOTE 

Slats if fitted, will close at approximately 
180 knots IAS either with or without ex­
ternal stores. 

CLIMB 
General 
18 Climb at take -off rpm (time limit - 30 
minutes). Refer to Climb Charts in Part 4 for 
recommended indicated airspeeds to be used 
during climb, and for rates of climb and fuel 
consumption. 

DURING FLIGHT 
General 
19 The aircraft must be frequently and 
carefully trimmed to fly hands-off to ensure 
a gainst any out-of-trim condition. 

NOTE 

The elevator and aileron trim switch in­
stalled in the type B-8 control stick grip 
is designed to return to the neutral pos -
itionautomatically when thumb pressure 
is released. Experience shows that this 
switch has a tendency to remain in the 
actuated position, which causes an over­
trim condition, resulting in a hazardous 
condition. To preclude such a possibility 
and pending the acceptance and availa­
bility of the type B-9 stick grip, the trim 
s w itch should b e returned to the neutral 
position by applying thumb pressure in the 
opposite direction after each actuation of 
the trim switch. 

Engine Operation 
20 Observe the following engine operating 
instructions : 

(a) Retard throttle control to desired sett­
ing . (Refer to Flight Operation Instruction 
Charts in Part 4 for cruise data. ) 

(b) Periodically check instrument read­
ings. During high-power operation above app­
roximately 40, 000 feet, it may be necessary 
to retard throttle control to keep exhaust temp­
erature from exceeding the limit. 

Engine Acceleration 
21 When increasing power, move throttle 

control slowly at first and then advance it more 
rapidly as rpm increases. Rapid increases in 
thrust are possible only above approximately 
63% rpm, since the acceleration control may 
be ineffective up to that engine speed. When 
operating on the main fuel regulator, very rapid 
acceleration above 63% rpm is possible at all 
altitudes up to 40, 000 feet. However, above 
40, 000 feet slower throttle control movement 
must be used in accelerating in order to avoid 
flame -out or engine stall. Do not have the 
emergency fuel switch ON while operating on 
the main fuel system during flight, because the 
emergency system will probably take over dur­
ing rapid advancement of the throttle control 
and cause a compressor stall or flame-out. 

Compr essor Surge and Stall 
22 Compressor surge (or pulsation) may re­
sult from too rapid acceleration of the engine, 
especially at altitudes above 40,000 feet. If 
the acceleration is made at very high exhaust 

temperature, surge will be much more severe . 
If the rate of acceleration was a marginal case, 
surge maybe absent and compressor stall will 
occur . Surge or stall may be recognized in 
flight by one or more of the following character -
istics: 

(a) Loss of thrust. 

(b) Pulsating, roaring noise accompanied 
by heavy engine vibration. 

(c) Rapid rise of exhaust temperature. 

(d) Loss of acceleration, and even possible 
deceleration. 

(e) Long flame from tail pipe . 

(f) Possible flame-out at high altitude. 

23 Whenever such conditions are encounter­
ed, immediately retard throttle control until 
exhaust temperature returns to normal, then 
accelerate more slowly to the desired rpm. 

Acceleration Flame-out 
24 Acceleration flame-out may result from 
compressor surge and is most likely to be en­
countered at 25,000 feet or above. If surge is 
not the cause, acceleration flame-out is most 
likely to occur between 75% and 90% rpm, and 
can be avoided by accelerating at a slower 
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rate . It is indicated b y_loss of thrust, drop in 
exhaust temperature and deceleration. If the 
exhaust temperature does not drop too low 

{below 260°C) , it may mean that som~ of the 
combustion chambers are stiff ignited, An 
attempt may be made to relight the other 
chambers by retarding the throttle control to 
ID LE and advancing it slowly. 

rpm. However, if engine roughness occurs at 
all altitudes and engine speeds, it ind icat es a 
mechanical failure and a landing s hould be 
made as soon as possible . 

Hydraulic System F light C heck 
26 Check h yd raulic systems periodically as 
follows: 

E ngine Noise and Rou ghness (a) Place pressure gauge se l ec tor switch 
at UTILITY and read gauge for proper utility 
system pressure . 

25 Engine roughness in flight may occur on 
some aircraft, especially when operating at 
hig h rpm above 15,000 feet. Usually this 
rou ghness can be eliminated by changing the (b) Fly straight and level for 30 sec onds 

AIRCRAFT FITTED WITH LEADING EDGE SLATS 

Power-on Stall Speeds. Knots, I.A.S. 

ANGLE GEAR AND FLAPS UP GEAR AND FLAPS DOWN 
O F LOAD SLATS OPEN SLATS OPEN 

BANK FACTOR GROSS WEIGHT (LBS. ) GROSS WEIGHT {LBS . ) 

11,000 14,000 17,000 20,000 11,000 14,000 17,000 20,000 

0 1. 0 G 90 103 115 125 85 96 107 116 

30 1. 2 G 97 111 124 133 91 104 116 125 

45 1. 4 G 109 124 137 148 102 117 129 140 

60 2. 0 G 131 149 164 176 124 140 155 166 

Power-off Stall Speeds. Knots, I. A . S. 

0 1. 0 G 95 107 118 127 90 101 1 11 119 

30 1. 2 G 102 115 127 136 96 108 119 128 

45 1. 4 G 113 127 140 150 106 120 132 143 

60 2. 0 G 134 151 166 178 127 143 157 168 

G Limits shown are maximum for listed stall speeds. Any attempt 
to increase G without increasing air s pe e d will result in a stall. 

FOR AIRC RAF T FITTED WITH EXTENDED LEADING EDGE (NO 
SLATS), THE ABOVE STALL SPEEDS ARE INCREASED BY 10 KNOTS. 

Figure 2-4 Sta ll Speeds 
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and, with the gauge selector switch at NOR~ 
MAL, read pressure gauge for surface control 
normal system pressure. 

(c) Without moving control stick and with 
gauge selector switch at EMERGENCY, (AL­
TERNATE for aircraft 19453 and subsequent), 
read gauge for surface control emergency sys­
tem pressure. 

(d) Check surface control emergency sys­
tem operation in this manner; place the power 
control switch at ON EMERG. (ALTERNATE 
ON for aircraft 19453 and subsequent), and 
check operation of the horizontal tail and the 
ail erons. Hold the switch at RESET moment­
arily, and then release. Switch will auto­
matically return to NORMAL. On aircraft 
19102 to 19200 it is necessary to hold the 
switch at RESET until pressure in the normal 
system has built up to 1000 psi to ensure a 
change over from the emergency to the normal 
system. 

Landing Gear Operation in Flight (Aircraft 
19 1 0 2 to 194 5 2) 

27 If the gear -unsafe light comes on during 
flight, indicating a gear unsafe condition, re­
duce speed to below 185 knots IAS and place 
gear handle at UP. When the light goes out, 

return the gear handle to COMBAT. If light 
comes on a gain , keep speed low and return to 
base. 

Moving gear handle from COMBAT dur -
ing flight may cause cycling of the gear 
fairing doors, and if airspeed is above 
185 knots IAS, fairing doors can be torn 
off. 

FLYING CHARACTERISTICS 
General 
28 The hydraulic flight control system is 
considerably more sensitive than conventional 
cont rol systems. Until experience is gained in 
handling the flight control system, large or 
abrupt control stick movements should be 
avoided. Two completely independent hydraulic 
flight control systems are provided as a safety 
feature in the event one of the systems is dam­
aged in combat. 

29 Inverted flying or any manoeuvre result­
ing in negative acceleration must be limited to 

10 seconds duration, as there is no means of 
ensuring a continuous flow of fuel or oil in this 

attitude. 

Stalls 
30 The swept-back wing has no unusual eff­
ect on the stall other than the higher angle of. 
attack at the stalling point. There is no severe 
rolling or yawing tendency at the stall. In 
general, all starts are preceded by rudder and 
general aircraft buffet which begins approx­
imately 8 knots in advance of the actual stall 
and which increases in severity with increas­
ing speed and acceleration. Due to the .artificial 
feel, and the non-reversible controls, the stick 
control feels solid throughout low and high­
speed stalls . The slats become fully open 20 
to 25 knots above the stall. Stalling speeds are 
shown in figure 2-4. 

31 Aircraft fitted with the extended leading 
edge (no slats) suffer a deterioration of stall 
characteristics as compared with a slatted 
wing aircraft and caution must be exercised 
in the slow speed operation. The aircraft ex­
hibits the following g eneral characteristics at 
the low speed stall attitude: 

(a) There is much reduced stall warning 
shake or buffet. 

(b) A yaw, accompanied by a roll, occurs 
at the stall. 

(c) The actual stalling speed is increased 
by about 10 knots depending upon the weight and 
configuration. 

High-Speed Accelerated Stalls 
32 An accelerated or high-speed stall can 
damage the aircraft or cause pilot black-out 
and consequent loss of control. As the aircraft 
approaches a high-speed stall considerable 
airframe buffet is encountered. The buffet , 
which is aerodynamically excited, causes 
severe cyclic stresses and strains on the air­
frame structure which can cause eventual dam­
age. Avoid severe airframe buffet conditions 
as much as possible. Depending on the rapid­
ity of the manouvre, the actual stall may b e 
accompanied by either a sharp but small wing 
drop or a snap roll. Wh en approachin g a 
high-speed stall, the buffet onset gives warning 
to avoid the stall. To avoid high-speed stalls 
do not pull the stick back abruptly and do not 
pull stick back when the speed brakes are open­
ing. 
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Spins 
33 The aircraft shows normal spin char­

acteristics during spin entry, sustained spin 
and recovery. Spins are initiated in the normal 
manner but may vary. In some cases it may 
be impossible to properly spin the aircraft at 
all. In a fully developed spin, the nose rises 
and falls slowly during each turn, which t akes 
about four seconds and 2000 feet of height. 
Buffeting occurs and usually decreases as the 
spin progresses. 

Spin R ecovery 
34 To recover from a spin proceed as fol-
lows: 

(a ) Reduce throttle to idle rpm, close 
speed brakes, if open, and retract flaps and 
landing gear if extended. 

(b) Apply full opposite rudder. 

(c) Move the control stick slowly forward 
until the spin stops . Do not push the control 
stick fully forward as this is not necessary 
and will only result in an excessively steep 
recovery attitude, possibly beyond the vertical. 

(d) Keep ailerons neutral. 

( e) C entralize rudder as soon as spin stops. 

(f) Gently ease out of the resulting dive 

and be sure to retain flying speed before open­
ing speed brakes or pulling up, or the aircraft 
will stall and snap into another spin. 

35 Actual tests have shown that the above 
procedure applies to the following configur­
ations: 

(a) Clean aircraft, speed brakes in or out, 
right or left hand spins. 

(b} With 100 Imperial (120 U .S. ) gallon drop 
tanks full or empty, speed brakes in or out, 
right or left hand spins. 

(c) Although spins with external armament 
or 167 Imperial gallon drop tanks are pro­
hibited, recovery from inadvertent spins can 
be made as outlined above, but may require 
2-1 /2 turns. If at this time recovery is not 
successful, and altitude permits, jettison stores 
and/or 167 gallons tanks and repeat normal 
recovery action, which should be effective in 
1 /4 to 1 turn. 

Minimum Altitude for Spin Recover y 
36 Flight tests indicate that 7000 feet is the 
minimum altitude required to complete recov­
ery from a one-turn spin (plus a one-turn re­
covery and a 4G pull-out). The altitude loss 

during this manoeuvre will be about 6500 feet. 
Therefore, in a spin below 7000 feet, bail out 
since the margin of safety is too small to try 
a recovery. Practice spins should be entered 
at about 25,000 to 30,000 feet. 

Inverted Spins 
37 Inverted spins in this aircraft are char­
acterized by a roll upright into a 45° dive 

attitude approximate! y every three -fourths turn 
followed b y a roll again into the inverted spin 
position, repeating the initial spin. Each turn 
takes approximatel y six seconds. Recovery can 
be initiated at any time by neutralizing the con­
trols and dropping the nose as the aircraft rolls 
upri ght. 

NOTE 

Althou gh inverted spin recovery is des -
cribed, it is improbabl e that such a con­
dition will be encountered. 

Aileron Control 
38 Until familiar with aileron effectiveness 
at high speeds, care should be taken not to 
overcontrol in making abrupt or consecutive 
rolls. Refer to Part 4, following, for restrict­
ions with certain external stores . Should fail­
ure of the normal flight control system occur, 
automatic change-over to the alternate system 
is provided instantaneously with no reduction 
in aileron control power or increase in pilot 
effort. 

Use of Speed Brakes 
39 To reduce speed, especially in aero­
batics or formationflight, speed brakes may be 
used without objectionable buffeting or uncon­
trollable changes in trim. In a pull-out, re­
covery may be effected with minimum altitude 
loss by first opening the speed brakes and then 
pulling out at maximum permissible G. Opening 
the speed brakes without pulling on the stick 
at all, results in automatic pull-out of about 
3 G. 

WARNING I 
Except in extreme emergencies, do not 
pull the stick back during the time the 
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speed brakes are opening. To do so may 
result in exceeding the limit load factor. 
The speed brakes open fully in approx­
imately 2 seconds. 

Low Speed 
40 The handling characteristics and stalling 
qualities at low speed are very good. Except 
for a higher required angle of attack during 
take-off and landing, which is a characteristic 
of a swept-wing aircraft, no outstanding diff­
erences between a Sabre and a conventional 
straight -wing fighter will be noticed. Rate of 
roll is high and the response to stick movement, 
in the slower speed ranges, is positive down 
to the stall. Abrupt stick movement,s should be 
avoided, es pecially during landing. See Para­
g raph 31 for changes in stalling characteristics 
for aircraft with extended leading edge. 

Cruise Speed 
41 In the medium-to-high speed ran ge , 
level -fli ght handling chara::teristics are con ­
sidered g ood about all three axes - roll, pitch , 
and yaw. For those accustomed to conventional 
elevator c ontrol, the more effective stabilizer 
on the Sabre may appear considerably more 
sensitive because of the faster aircraft reaction 
to small stick motions . It is advisable not to 
attempt close formation flight until accustome d 
to the control. Maximum available rate of roll 
is quite hig h at all altitudes. The aircraft is 
most sensitive to small fore-and-aft stick 
motions between . 8 and . 9 Mach number at 
low altitudes. 

Hi gh Speed 
42 Stability and control are unaffected by 
compressibility up to approximately Mach 
number . 95 with the exception of a slight 
flattening tendency in the stick force gradient 
for 1 G flight between . 85 and . 90 Mach num­
ber. The aircraft nose-up tendency which 
appears in this high-speed region requires 
steadily increasing push forces and forward 
stick movement to increase the speed of the 
aircraft. As in other speed ranges, use of the 
stabilizer results in positive and immediate 
aircraft reaction. The power of the controllable 

horizontal tail will become particularly notice­
able above 500 knots, especially in turbulent 
air. A limit airspeed of 600 knots or the air­
speed where wing roll becomes excessive has 
been established, based on structural design 
limits . This limit has been imposed because 
wing heaviness, although easily controllable at 

high altitude, may become a limiting condition 
a:t lo wer altitude. 

Turning Radius Control 
43 Since turn radius increases with air­
speed, a very effective method of tightening 
the turn is to decrease speed abruptly by open­
ing the speed brakes. The nose-up effect of 
opening the speed brakes and the nose-down 
effect of closing them should be anticipated with 
corrective stick movements in order to hold a 
constant G. Use speed brakes only as necessary 
to tighten the turn, and close again before too 
much speed is lost. Manoeuvrability at high 
altitudes is increased with the extended l eading 
edge because more G can be pulled before the 
initiation of buffet. Althou gh the maximum G 
obtainable, as limited by buffet magnitude, 
remains unchanged with the extended leading 
edge, less speed is lost during manoeuvres 
since the drag rise from buffet is delayed. W ith 
the extended leading edge it is possible to turn 
in a smaller radius without losing speed rapidly 
at higher altitudes, because the turn can be 
tig htened considerably before buffet is en­
countered, 

Recommended Speed for Minimum 
Radius Turns 

44 The level-flight turning radius (constant 
Mach numbers and altitude) of the aircraft 
becomes a minimum at about . 55 Mach number 
a n d increases with increasing speed. This in­
crease is gradual up to about . 8 Mach number 
and be gin s rising rapidly beyond that point. 
The following tabulation lists the approximate 
Mach numbers at which this rapid increase 
takes place at various altitudes. Although 
minimum-radius turns can be achieved at low 
Mach numbers, it is better not to let the speed 
drop below that for best climb, also tabulated, 
as this would place the aircraft in a speed range 
where acceleration to higher speeds is more 
difficult without sacrifice of altitude. The same 
information applies to diving turns made at 
maximum G at constant Mach number . Note 
also that the hi gh-speed manoeuvring essential 
in combat may lead to proportionately hi gher 
turning radii. 

Letdown 
45 Normally the most economical letdown 
with the clean aircraft is at . 8 Mach number, 
with the throttle setting which allows minimum 
operating tailpipe temperature. Emer gency 
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RECOMMENDED SPEED FOR MINIMUM RADIUS TURNS 
Military Pow e r - 14,000 lb. Gross Weight 

Level Turn Speed 

Altitude - FT K nots IAS 

40,000 230 

35,000 275 

30,000 315 

25,000 360 
20,000 400 
15,000 435 

10,000 475 

5,000 520 

Sea Level 550 

letdown rates of descent as high as 27,000 feet 
pe r minute can be obtained by closing the 
throttle, openin g speed brakes and diving to 
maintain . 95 Mach number. 
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BUFFET-BOUNDARY ,ST ALL RELATION 

ALTITUDE 20,000 FT 
WEIGHT 12,731 LB 

--- LOAD FACTOR WHERE 
BUFFET OCCURS 

- LOAD FACTOR WHERE 
STALL OCCURS 

LIMIT LOAD 
FACTOR 

(6 G AT 15 000 FT) 
(AND ABOVE) 

o-------------------.5 .6 .7 .8 .9 1.0 
---- MACH NUMBER -----

Figure 2-5 Buffe t-Boundary, Stall Relation 

Best Climb Speed 
Mach No. Mach No . 

. 76 . 80 

. 81 . 79 

. 83 . 76 

. 85 . 73 

. 85 . 71 

. 85 . 68 

. 85 . 66 

. 85 . 64 

. 83 . 61 

G-Limit Overshoot 
46 The tendency of the aircraft to dig in and 
automatically increase G during a turn or pull ­
up is caused mainly by a basic instability 
characteristic at high G's. When G is increased 

beyond the point at which buffet begins, the 
aircraft will feel les s stable in pitch and may 
develop a tendency to increase G automatically. 
Termed overshoot, this condition can cause 
trouble, as the limit load factor limitations 
(r efer to P art 4,following) may be inadvertently 
exceeded. This overshoot condition is one 
reason the maximum allowable: load factor has 
been set at 6 G above 15,000 feet. With this 
limit, the pilot is less apt to inadvertently 
overshoot to a higher G, which could damage 
the aircraft. Overshoot is likely to begin at 
the buffet boundary i.e., the G at which a dis­
tinct increase in aircraft buffeting is noticed. 
This general airframe buffet increase should 
be re garded as a warning of overshoot. Use 
of the stabilizer as a primary control surface 
makes possible immediate and effective re -
covery action before the aircraft exceeds any 
limit G loads. The onset of buffet serves as 
a warning that a critical flight condition is 
being approached whatever the conditions of 
altitude, Mach number, gross weight and con­
figuration may be. While the buffet warning is 
a convenient reminder at all conditions of 
flight, the following items should be remem­
bered. 

(a} W hen encountering the buffet boundary, 
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slow the rate of pull - up and be prepared to 
app ly immediate recovery control to p revent 
overshoot and p ossible damage to th e a irc raft 

(see figure 2-5). 

(b) Th e airc r aft is limited to stated load 
factors (r efer to Load F actor Limits Table, 
in P art 4, following). N e ver deliberately ex ­

ceed t h r~sc limits . 

D ive Reco very 
47 Be cause of aircraft trim changes whic h 
occur durin g pull - ups at hi gh Mach numbers, 
th e fo llowin g procedure is r ecommended fo r 
r e covering from hi g h Mach number dives or 
manoeuvr es . 

(a) Open the s pee d brakes. D o not pull 
back on the stick until after speed brakes a re 
o p en and the nose - up pitch due t o brake exten ­
si on has developed . 

(b) P u ll stick back as necessary to effect 
th e d e sired pull-out. (S ee figu r e 2-6.) 

48 At a speed of approximately Mach . 9 the 
aircraft b ecomes wing heavy. Either wing may 
drop, but aileron control 1s sufficient to 

counteract. 

Strength Dia gram 
49 The strength diagram (se e figure 2- 7), 
desc ribes the strength limi t a tions of the clean 
aircraft, i.e. without external load, for sym ­
metrical manoeuvres. Th e left hand boundary 
lines , marked for v arious altitudes, define 
the number of G's that can be attaine d in this 
aircraft at stall. F or other condition s, such a,; 
unsymmetrical or rolling pull - out and with e x ­
t e rnal load , refer to Load Fac t or Limits T abl e, 
in P art 4, following . 

NOTE 

If the accele r ometer records G 's in cx ­
ces s of those specified for any particula r 
fli ght condition in the load factor limi t s 
tabl e , have the aircraft insp e c ted a ft e r 
landing for s i gns of structural d ama ::.' e . 

I 
\ 
I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 

' ' ' ' ' ' 6G ', ... _ --

Figure 2 - 6 Typical Dive Recovery 
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Fli g ht with External Loads 
50 For flights with any external loads , re­
fe r t o the L oad F actor Limits Table in P art 4, 
fo llowing , to obtain G, speed limits and special 
manoeuvre restrictions. The following com­
ment s r efe r to general ai r c r aft handling with 
e a ch specific external load. With all external 
l oads, take - off distances will be greater and 
the rate of climb and accele r ation r educed due 
to increased aircraft drag and weight. R efe r t o 
Par t 4, followin g , to dete r mine p e rformance 
e ffects. 

Dr op Tanks - 100 Imp e rial ( 120 U.S.) and 
16 7 Imperial (200 U.S . ) Gallons 

51 Flyin:-; qualities of the aircraft are 
essentiallyunaffe c ted by these d rop tanks . The 
tanks may be d ropped full or empty up to 
all owable maximum l ev el fli ght speeds for the 

particular fli ~ht altitude . 

C> 

a:: 

§ 
~ 
0 
<( 
0 
..J 

5 ------- ---

4----- - - - -

2IIO • 

Rockets 
52 The stability and cont r ol of the aircraft 
ar e unaffected by the pre s ence of the rockets. 
A void buffet regions . 

100 and 1000 Pound Bom bs 
53 Bombs may b e release d at all s pe e ds up 
to the limit Mach number of . 85 o r the a ir speed 
at which buffet is enc ounte r ed, whicheve r is 
low e r. The bomb dropping will be evidenced 
by a longitudinal lurch of the airc r aft. The 
aircraft imm e diately re turn s t o tr im a nd the 
lurch is not objectionable. 

500 Pound Bombs 
54 The lo wer limit for this bomb, without 
the T- 127 fins installed , is due to t he b omb 
i ts e lf, which , at h igh speeds cause s tu r bu l enc e 
severe enough to damage the wing flaps. 

1 
!:i t-: 
<( :.J 
,-: <( 

,-: IL IL 
0 0 
0 0 o_ 

~ !!? 
w ~ > 0 
0 ..J 

400 m w 
<( m 

HEATED AIRSPEED-KNOTS 
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NOTE WHE IOOIMP. (IZOU.S.)GAJ\LON 
DROP TANKS ARE C ARRIED. T ~ 
LOAD FACTORS ARE +6G OR -ZG AT 
ALL ALTITU DES_ 

Figure 2- 7 Strength Diagram 
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O PERATION OF AIR C ONDITIONING 
A ND PRESSURIZING SYSTEM 

G eneral 
5 5 Operate as follows: 

(a) C abin pressure control lever, on air­
c r a ft 19 102 to 19452 inclusive , at either ON 
2 .75 or ON 5.00. On aircraft 19453 and 
s u bse quent, cockpit pressu r e control switch 
a t P R E SS and pressure selector at either 2. 75 

o r 5 p si. 

NOTE 

O n airc r aft 19102 to 19452 inclusive, 
cockpit pressure must not exceed 2. 75 
p s i during gun firing, as higher pressures 

will cause movement of windshield 
armour glass and sight line deflection. 

(b) C ockpit air temperature control switch 
- A UT O MATIC. 

(c ) Air temperature control rheostat set 
a t de s ired cockpit temperature. 

(d) Ai r outlet selector at FLOOR, 
D E F ROST or BOTH. 

(e) Side outlet adjusted as desired. 

(f) Turn on canopy defrost lever, if 
n e c e s sary. 

O p e r a t ion of Windshield Defrosting and De -
i cing 

56 P roceed as follows: 

(a) If the inner surface of the windshield 
and/ o r the outer surface of the armour glass 
b ecomes fogged or frosted, move windshield 
d e -icing l ever to ON. 

NOTE 

If windshield icing is frequently encoun­
t ered during let-downs, turn windshield 
d e - i c i n,g sys te m o n before starting let­
down . Wind s hield de-ic ing is not possible 
with the p re s surizing s ystem off. 

(b ) If the inner or cockpit surface of the 
a rmour glas s beco mes fogged , move the air ­
ou t le t selec tor on the left console to DEFROST 
pos i tion . C lose both side outlets until fog is 
r emove d . 

(c) If atmospheric or flight condit ions cau se 
fog to be emitted from windshield a n d s i de out­

lets, turn cockpit temperature rheos tat to full 
hotposition(27°C). This may cause an uncom­
fortably warm cockpit temperature but will 
help to maintain clear vision for flight an d 

landing. 

(d) If fogging continues in spite o f thi s 
procedure, mqve air temperature cont r o l 
switch on left aft console to the HOT po s ition. 

ARMAMENT OPERATION 
Firing Guns 

57 

NOTE 

On aircraft 19102 to 19200 inclusive, 
check that all guns are charged before 
take-off. On aircraft 19102 to 19452 in­
clusive, set cockpit pressure schedule at 
2. 75 psi. 

Operate as follows: (see figure 2-9). 

(a) . Gun safety switch at GUNS. Before 
attempting gunnery, the sight and radar should 
be in operation for 10 to 15 minutes to allow 
proper warm-up. 

(b) Gun heater switch ON if outside air 
temperature is 2°c or below. 

(c) Gun charger switch at RETRACT for 
approximately 2 seconds, then move to 
RELEASE. (Aircraft 19201 and subsequent.) 

(d) On aircraft 19102 to 19464 inclusive, 
set B-TW control at ROCKET-GUN; R-DA 
control at GUN -BOMB. On aircraft 19465 and 
subsequent,set sight function selector lever at 
GUNS and target speed switch at TR, HI, or 
LO, depending upon rate of closure. 

(e) Instrument power switch at NORMAL . 
Check inverter warning light off. 

(f) Reticle dimmer control adjusted t o 
desired brilliancy. 

(g) Set wing span adjustment dial, on sight 
head, to wing span of aircraft expected to be 
encountered in combat so that, in case of radar 
failure, manual ranging can be used. 

(h) If more than one target is within range 
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along the aircraft flight path, make sure rada.r 
is tracking the desired target. As range is 
decreased, the reticle should grow larger to 
span the target continually. Check range dial 
against estimated range of target. If necessary, 
depress radar out button to shift radar to de­
sired target. 

(j) Depress caging button momentarily to 
stabilize reticle image and begin tracking by 
placing reticle on target and holding in that 
position . 

(k) After releasing caging button, continue 
to track the target smoothly, without slipping 
or skidding, for about one second , then fire. 

(1) Should the radar fail, as indicated by 
the on -target light going out or by improper 
range indication, use manual range control 
incorporated in the throttle control lever. 
Keep target closely e nco mpassed by reticle 
image circle. 

(m) In the event of sight failure or for firing 

at ground targets, move mechanical caging 
lever on the sight to CAGE and use it as a fixed 
reticle sight. 

Releasing Demolition Bombs 
58 Operate as follows: (See figure 2-8.} 

(a) Gun safety swi tch at SIGHT, CAMERA, 
RADAR to supply power to the sight. 

(b) Instrument powe r switch at NORMAL. 
C heck inverter warning light off. 

(c) Sight reticle dimmer control adjusted 
for desired brilliancy. 

(d) Bomb release selector at AUTO for 
automatic release through the sight, or at 
MANUAL for selective manual release. 

( e ) Demolition bomb selector switch at 
ALL or SINGLE. Check fragmentation bomb 
s e lector is OFF. If this switch is not OFF, 
demolition bomb switch is inoperative. 

(f) After sighting target and before starting 
approach, position bomb arming switch at 
NOSE & TAIL or TAIL ONLY. 

( g ) S et B-TW control for proper targ e t and 
wind conditions. Check R-DA control at GUN -

BOMB position on aircraft 19102 to 

aircraft 19465 and subsequent, 
function lever at BOMBS. 

19464. On 

set sight 

(h) Depress electrical caging button during 
the push-over into the dive. 

(j) Begin tracking run and release caging 
button. For automatic release, depress bomb­
rocket r ele ase button on stick grip. 

(k) Track smoothly and keep centre dot on 
the target. 

(1) On AUTO release, the bombs will auto­
matically drop as the reticle circle image 
disappears. For MANUAL release, depress 
bomb-rocket release button as the circle image 
disappears. On aircraft 19102 to 19464 only, 
the red bombs -away light is reflected on wind­
sh ield armour glass as bomb is released. 

Releasing Fragmentation Bombs 

59 

NOTE 

Fragmentation bombs should not be 
released automatically through operation 
of the sight, as the sight is used for dive 
bombing only. 

Operate as follows: (See figure 2-8.) 

(a} Check dem'Olition bomb release selector 
at MANUAL. 

(b) Fragmentation bomb selector switch at 
ALL TRAIN or SINGLE TRAIN. Check indicator 

light on. 

(c) To release bombs depress bomb-rocket 
release button on control sti ck grip. 

(d) Check that indicator light goes out when 
the last bomb is released. 

Firing Rockets 

Before initial firing of rockets, make 
sure rocket projector release control is 
on position 1. Rockets must be fired in 
proper sequence to ensure that upper 
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60 

rocket will not be fired whi le rocket 
below it is still in place. 

Operate as follows: (See figure 2- 8 .) 

( a ) Gun safety switch at SIGHT, CAMERA, 
RADAR to supply power to the sight. 

(b) Instrument power switch at NORMAL. 
Check inve rter wa rning light off. 

(c) Sight reticle dimmer control adjusted 
to desired brilliancy. 

(d) O n aircraft 19102 to 1946 4 inclusive , 
set B-TW c o ntrol at ROCKET, GUNS. 

(e) O n aircraft 19102 to 19464 inclusive, 
R -DA control set to type of rocke t to b e used 
and intended dive angle. On aircraft 19465 and 
sub sequent, set sight func·tion l eve r at ROCKET. 

(f) 
AUTO. 

Ro c k et selector switch at SINGLE or 

( g ) Rocket arming s witch on DELAY or 
INSTANT. 

(h) Rocket jettison switch OFF. 

(j) During push-over into the dive depress 
ele ct r ical caging button. 

(k ) Begin tracking run and release caging 
button. 

(1) Track target smoothly for 5 seconds. 
Fi re rockets by depressing bomb - rocket 
r elease button. 

Chemical Tank Equipment 
61 Tank selection is provide d by switch 6n 
the centre pedestal, and after discharg e of 
chemicals by m e ans of bomb-rocket release 
b u tton, the tanks may be dropped by operation 
of the b o mb-rocket-tank salvo s witch, the 
normal bomb r e lease system, or, on aircraft 

19301 and subsequent, the emerge ncy j e ttison 

handle. 

When chemicals are released, the I 
d e molition bomb single-all selector : 
switch must be OFF to prevent dropping · 
the tanks. 

OXYGEN SYSTEM NORMAL OPERATION 
(Aircraft 19102 to 19500) 

General 
62 C are must be exercise d to prevent 
wasting oxygen when using the pressure­
demand oxygen regulator installed in this air -
craft. For consumption table, see figure 2-9. 

I WARNING I 
Use only an A-13 or A-13A pressure­
d emand oxygen mask with a pressure ­
d e mand oxygen r e gulator . 

(a) Before each fli g ht, che ck that th e oxygen 
pressure gauge reads 450 to 500 psi, or have 
oxygen s ystem charged to capacity befo r e take­
off. 

(b) Alw ays position oxygen diluter lever at 
N O RMAL OXYGEN except under emergency 
conditions. 

(c) At cockpit altitude below 30,000 feet, 
set pressure dial at NORMAL. 

OXYGEN 
DURATION 

,I 

-HOURS- ' l 

CABIN GAUGE PRESSURE PSI 
ALT 

- FEET- 400 350 300 250 200 150 100 BELOW 
100 

40,000 5.7 4.9 4.1 3.2 2.4 1.6 0.8 z 
5.7 4.9 4.1 3.2 2.4 1.6 0.8 

w 
() 

5.7 4.9 4.1 3.2 2.4 1.6 0.8 o>-
35,000 ... x 

5.7 4.9 4.1 3.2 2.4 1.6 0.8 oo 
4.2 3.6 3.0 2.4 1.8 1.2 0.6 

z() 
30,000 wz 

4.2 3.6 3.0 2.4 1.8 1.2 0.6 u-u, IX w-
25,000 3.4 2.9 2.4 1.9 1.4 1.0 0.5 Q :) 

4.0 3.4 2.8 2.3 1.7 1.1 0.6 ,S? 
)- IX 

20,000 2.7 2.3 1.9 1.5 1.2 0.8 0.4 u ... 
Zo 

4.5 3.9 3.2 2.6 1.9 1.3 0.6 ;z 
15,000 2.1 1.8 1.5 1.2 0.9 0.6 0.3 IXw 

"'o 
5.4 4.6 3.9 3.1 2.3 1.5 0.8 ::e :) w I-

10,000 1.8 1.5 1.3 1.0 0.7 0.5 0.3 j:: ... 
7.2 6.2 5.2 4.1 3.1 2.1 1.0 < 

Black figures indicate diluter lever "NORMAL" 
IRed ~ ures indicate diluter lever "100%." 
Cylin ers: Four Type D-2 

Figu r e 2 -9 Oxygen Consumption Table 
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(d) Between 30,000 and 40,000 f eet cockpit 
altitud e , set the pressure dial at the SAFETY 
pcsition. 

( e ) Above 40, 000 f ee t cockpit altitude, set 
pressure dial according to cockpit altitude. 

NOTE 

Above 30,000 feet a vib ration or wheezing 
sound may be noticed in the pressure­
demand mask. This condition do e s not 
indicate malfunction o f the mask and can 
b e overlooked. 

OXYGEN SYSTEM NORMAL OPERATION 
(Aircraft 19501 and Subsequent) 

Genera l 
63 Proceed as follows: 

(a) Turn oxygen supply knob ON . Pressure 
gauge s hould read between 450 and 500 psi. 

(b) Switch wa rning system switch ON. 
After two minutes of normal breathing through 
the mask, the wa rning light s will r e duc e from 
bright to a dim g lo w , indicating normal opera-

- ::::-,.,.. 

tion. A bright g lo w ind icates zero oxygen flow 
or a steady flow, ei th e r of wh ich indicate an 
interru ption of normal ope ration. 

(c) Set lever at N O R MAL OXYGEN . 

(d) Put on mask and check mask fit. 

LANDING PROCEDURE 
Gen e ral 
64 Circumstances may arise which r equire 
a descent from high altitude in the shortest 

possibl e time . Rate s of descent as high as. 
27,000 fe e t per minute can be obtained by 
openi n g the speed brakes, and increasing the 

dive ang le until the limit airspeed is reached. 

Prior to rapid descent from altitude, turn 
on windshield de -ice and canopy defrost­
ing . Turn off as soon as possibl e to avoid 
cracking of armour glass. 

Vital Actions Before Landing 
65 During approac h to field make the 
following checks: 

~----<CC::"'--·-----------= 
Hold 1.25 to ISO knots IAS 
(depending OIi gross weighi) 
on final appraada. 

To11eh down at 25 knots less than 

Hold nose whttl off IS long IS possi\le. 
Flaps .,, speed brakes in, and nose wlieel 
dwnn!I ............. taxing. 

72 

final approach spHd, with tail 
down. Keep wings level to prevent 
.... wingtips. 

NOTE 
FOR A IRCRAFT WITH EXTENDED 
LEADING EDGE, ADD 10 K NOTS 
T O ABOVE APPROACH S P EEDS. 

Figure 2-10 Normal Approach and Landing 
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(a) Safety belt and shoulder 
tightened. Shoulder harness lock 

unlocked. 

(b) Armament switches O FF, 

harness 
handle 

(c) Check hydraulic pressures normal. 

6 6 See figure 2-10 for complete approach 
andlandingprocedures. Observe the following 

~recautions: 

(a) Rapid incre ases in thrust are possible 
only above approximately 63% rpm. To ensure 
adequate acceleration in an emergency it is 
desirable to use full flaps and speed brakes and 
to hold 60% to 70% rpm on final approach. 

(b) Do not lower gear in turns, pull-ups, 

while side slipping ,or above 185 knots IAS . 

(c) During night landings , do not lo w er 
landing lights until final approach. 

Normal Landing 
67 See figure 2-10 for landing pattern and 
Part 4 for estimated landing distances. 
Observe the following precautions: 

(a) Do not attempt a 
becaus e the angle of attack 
high the tail will drag. 

full-stall landing 
at the stall is so' 

(b) Rapid increases in thrust are possi b l e 
only abo ve approximately 63% rpm . To e n su r e 
ad e quat e acceleration in an e merg e nc y, it is 
desirabl e to u se full flaps and speed brake s and 
to hold approximat e ly 60% to 70% rpm on f inal 
appr o ach. 

RETURN LANDING GEAR HANDLE TO "COMBAT! / 
AND FLAP CONTROL LEVER TO "HOLD" . ·~ 

GO-AROUND 

WARNING 
Make decision to go around as 
early as possible, because of 
the slow acceleration of a 
jet airplane. 

CLEAR TRAFFIC 

FLAPS UP 
AT 155 KNOTS IAS 

CLOSE SPEED BRAKES 
OPEN THROTTLE 

TO TAKE-OFF POWER 

/1 
.( 

I 

If. AIRPLANES 19102 T O 19452 INCL . 

Figure 2-11 Go Around 
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Do no t apply brakes before nose w heel is 
on run w ay. Do no t u s e nose wheel 
steering during la n ding run e xcept in the 
case o f a main tire failure. 

Cr os s - Wind L an ding 

6 8 A cro ss-wind landing may be accom-
plished as follows: 

(a) Maintain 160 knots IAS in turn onto final 
approach . 

(b) 

Approach speed s h ou ld be increased with 
an incr e ase in th e cross-wind velocity . 

S low to 110 knots IAS for touchdown. 

On aircraft with ext e nde d leading edge, slow 
to 120 knots IAS. 

(c) At touchdown, get nose whee l do w n as 
soon as possible . 

Minimum-Run Landing 
~9 Proceed as follows: 

(a) Maintain 150 to 160 knots IAS rn turn 

pnto final approach. 

(b) On final approach, maintain l 00 to 11 0 
knots IAS, ( 110 to 120 knots IAS on aircraft 
with extended leading edge) using 70% to 80% 

rpm. 

{c) G et nose wheel down quickly, after 
touch-down, to permit braking. Use brakes 
evenly, smoothly and apply as hard as runway 
conditions will permit without locking the 

wheels. 

Mis landing 
70 See figure 2-11 for complete go -around 

procedure. 

END OF FLIGHT PROCEDURE 
Stopping Engine 
71 To stop engine, proceed as follows: 

I WARNING I 
To minimize dang e r of explosion due to 
accumulation of fuel vapor, always park 
ai re raft headed into the wind , and w ait 

(a) 

at least 15 minutes after any engine 
ope ration ( flight or ground) before moving 
aircraft into hanga r. 

Set parking brakes. 

(b) Op e rate the engine at between 60% and 

10 ·71o r p m for three minutes to stabilize engine 
t e mperatures . 

(c) Pull throttle control sharply to OFF. 

(d) Wh en engine stops rotating, turn engin e 
master switch and battery switch OFF. 

(e) Dump utility s y stem hydraulic pressure 
by opera t ing speed brakes. 

(f) Turn off all switches with the exception 
of the gene r ator switches. 

Turbine N o ise During Shutdown 
72 The light scraping or squealing nois e 
which may be heard during erigine shutdown 
results from interfe rence between the turbine 
buc kets and turbine shroud. Contact of th e two 
parts is due to the tendency of the shroud to 
shift and disto rt u nder varying temperature 
conditions such as are induced by engine shut­
do w n . The scraping, while undesirable, does 
not damage either part. To minimize it, idle 
the engine for approximately 5 minutes before 
shutdown after any high-power operation, either 
flight or ground. If heavy scraping occurs on. 
shutdown, do not attempt to restart engine ' 
until turbine temperature has dropped suffi- · 
ciently to provide adequate clearance between 
the buckets and shroud, since a starting 
attempt might result in destruction of the 
starter. If a start must be made when inter- ' 
ference i s suspected, station an observer 
at leading edge of wing at fuselage to c heck 
audibly that engine begins to turn as soon as 
starter is engaged and note tachometer indica- ' 
tion. 

73 If engine does not begin turning at starter 
engagement, depress PUSH TOSTOPSTARTER 
button immediately. 

Smoke From Turbine During Shutdown 
74 When the engine is shutdown, fuel may '. 
accumulate in the turbine housing, where heat 
of the turbine s e ction of the engine causes the 
fuel to boil. A l thou gh a turbine housing drain 
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is provided, the drain may not prevent accumu­
lation of some fuel. Presence of this residual 
fuel in the engine will be indicated by emission 
of fuel vapor or smoke from the tail pipe or 
inlet duct. Boiling fuel, indicated by appearance 

of white fuel vapor, is not injurious to the 
engine, but does create a hazard to personnel 
because of the possibility of explosion if the 
vapor is allowed to accumulate in the engine 
and fuselage. The appearance of black smoke 
out of the tail pipe subsequent to shutdown 
indicates burning fuel, which will damage the 
engine and should be cleared immediately as 
follows: 

(a) External power source connected. 

(b) Station an observer at leading edge of 
wing at fuselage to audibly check that engine 
starts to turn as soon as starter is engaged. 
Note tachometer indication. 

(c) 

(d) 

Throttle control OFF. 

Engine master switch ON. 

(e) Hold the battery-starter switch momen-
tarily at STARTER. 

(f) Allow engine to crank to approximately 
6% rpm (20 seconds maximum), then depress 
PUSHTOSTOPSTARTERbutton. Turn engine 
master switch OFF , 

Before Leaving Aircraft 
75 Make following checks before leaving the 
aircraft: 

NOTE 

Leave landing gear handle DOWN when 
aircraft is on the ground. 

(a) Check all electrical controls are OFF, 
except generator switch. 

(b} Drop tank pressure shut-off valve OFF. 

(c) 

(d) 

Hydraulic power switch at NORMAL. 

Rudder lock engaged . 

( e ) Install safety pins in ejection seat 
han dgrips. 

(f) Wheels chocked and nose gear ground 
safety lock installed. 

(g) Release parking brakes. 

(h) Install ground safety pins in seat and 
canopy catapults. 

(j) Close canopy. 

(k) Install intake duct plug and tail-pipe 
cover. 

(1) Remove destructors, if installed, from 
IFF equipment. 

HOT-WEATHER OPERATION 

NOTE 

Do not attempt to take off in a sandstorm 

or dust storm. Park aircraft crosswind 
and shut down engine. 

Take -off 
76 The increase in required take -off 
distances commonly associated with hot-
weather 
greater 

ope ration of any aircraft is even 
when the aircraft is po\J{ered by a jet 

engine. 

After Take -off 
77 Follow normal flight procedures, being 
particularly careful to maintain a power setting 
that will keep the tail-pipe exhaust temperature 
within its prescribed limits . 

Before Leaving Aircraft 
78 Make sure that protective covers are 
installed on pitot head, canopy and intake and 
exhaust ducts. Leave canopy slightly open to 
permit air circulation within the cockpit. 

ARC TIC OPERATION 
General 

79 The normal operating procedures should 
be adhered to, with the following additions and 
exceptions. 

Before Entering Cockpit 
80 Proceed as follows: 

(a) 
plugs. 

Remove all protective covers and dust 

(b) At temperatures below -26°C use pre-
heat in the cockpit and on the canopy seal. 

(c) Check the entire aircraft for freedom 
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from frost, snow and ice. Brush off all light 
snow or frost. Remove all ice by. a direct flow 
of air from a portable ground heater. Do not 
chip or scrape away ice as this may damage 
the aircraft. 

(d) Check bottom section of front stator 
blades for evidence of ice. Moisture, 
collected on previous flights and from 
condensation after landing, can accumulate and 
freeze on this part of the engine. If ice is 
present or suspected, check freedom of engine 
by hand. If engine does not rotate, apply 
external heat to forward engine section and, 
after thawing, start engine immediately b efore 
further freezing occurs. 

I WARNING I 
The collection of snow, frost and ice on 
the aircraft surfaces constitutes one of 
the major flight hazards in low-temper­
ature operation and will result in the loss 
of lift and treacherous stalling character­
istics. 

(e) B e sure wing slats move freely and that 
they can be moved manually into the closed 
position. 

(f) Make sure shock struts and actuating 
cylinders are clear of ice and dirt. Clean 
with a cloth moistened with hydraulic fluid. 
Check shock struts for proper inflation. 

(g) Check oil cooler drain, fuel filter and 
fuel tank drain cocks for ice. Drain condensate. 

(h) Inspect pitot tube, fuel tank v ent and 
oil tank vent. Remove any ice. 

(j) 

(k) 

C heck oil system for correct lubricant. 

Check fuel system for correct fuel. 

NOTE 

3-GP-22a (JP-4, MIL-F-5624A) fuel, or 
gasoline, 3-GP-25b {MIL-F-5572A). if 
fuel 22a is not available, should be used 
at all temperatures below -18°C to pro­
vide satisfactory low temperature engine 
starts. In an emergency, when 3-GP-
22a fuel or gasoline (3-GP-25b) is not 
available, 3-GP-23a (JP-1, MIL-F-5616) 
fuel may be used for starting at temper­
atures between -l 8°C and -29°C. 

(1) Check that the fuel filter de-icing 
alcohol tank has been filled. 

(m) Be sure that an external power source 
of 28 . 5 volts at 1500 amperes is available for 
starting. Use preheat on engine accessory 
section, if necessary, to reduce starter loads. 
Ground heating equipment can be connected to 

the air intake duct of the engine compartment 
if preheating is necessary. 

On Entering Aircraft 
81 Proceed as follows: 

(a) Ext e rnal power source connected. 

(b) Check flight controls for proper oper-
ation. 

(c) Check that the canopy can be fully 
closed. 

(d) Check electrical and radio equipment. 

Starting Engine 
82 Carry out the normal starting procedure 
with the following exceptions: 

(a) Wait until 9% rpm is reached before 
advancing the throttle with both hands to obtain 
a fuel flow of 700 pounds per hour. Retard the 
throttle slightly on ignition to control exhaust 
temperature. 

{b) If there is no indication of oil pressure 
after 30 seconds of engine operation at idle, or 
if oil pressure drops to zero after a few minutes 
of ground operation, stop engine and investigate. 

Warm-up and Ground Check 

I WARNING I 
Use firmly anchored wbeel chocks for 
engine run -ups. The aircraft should be 
tied down securely before attempting a 
full power run-up. Because of low outside 
air temperatures, the thrust developed 
at all engine speeds is noticeably greater 
than normal. 

83 Proceed as follows: 

(a) Turn on cabin heat and windshield d e­
frosting system as required immediately after 
engine start. 
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(b) Check surface controls, speed brakes, 
rudder trim tab, aileron and horizontal tail 
trim for proper operation. 

NOTE 

Cycle the normal and alternate flight 
controls approximately six times on each 
system. 

(c) Check wing flap operation. 

Taxiing 
84 Proc ee d as follows: 

(a) Avoid taxiing in deep snow, as taxiing 
and steering are extremely difficult and frozen 
brakes are likely to result . 

(b) Increase taxi interval at subfreezing 
temperatures to ensure safe stopping distance 
and to prevent icing of aircraft surfaces by 
melted snow and ice in the jet blast of a pre­
ceding aircraft. 

(c) Minimize taxi time to cons erve fuel and 
reduce amount of ice fog generated by jet 
engines. 

Before Take -off 
85 Proceed as follows: 

(a) Chec k that the canopy is prope rly 
closed. 

(b) Make normal full-power check . If field 
conditions make this impossible, final instru­
ment check must be mad e during the first part 
of the take -off roll. 

(c) Turn pitot heater switch ON just before 
moving into take -off position. 

Take -off Procedure 
86 At low temperatures, excessive tail-pipe 
temperatures may result at high engine speeds 
and zero or low ram air pressures . Therefore, 
exhaust temperatures may be a limiting factor 
for take -off rpm during the first part of the 
take -off roll. Any reduction in engine speed 
necessary to reduce exhaust temperature to 

flaps through several complete cycles to pre­
clude their freezing in retracted position. 
E x pect conside rably slower operation of the 
landing gear in cold weather du e to stiffening 
of all lubricant s . 

After Take -off 
87 Proceed as follows: 

(a) After take-off from a wet snow or slush­
covered field, operate the landing gear and 

permissible limit will be more than compen­
sated for by the thrust augmentation resulting 
from increased air density; e.g . , 100% rated 
thrust is reached at 94% rpm at -18°C and at 
88% rpm at -54°c. 

(b) Turn on gun heaters immediately after 
take -off. 

(c) Check instruments. Many flight instru­
ments may be unreliable at extremely low 
temperatures. 

Du ring Flight 
88 Proceed as follo w s: 

(a) Use cockpit heat and d e froster as 
required. 

(b) Operate fuel filter de-icing syst e m as 
required. 

Icing 

NOTE 

Since the de -icing alcohol supply will 
last for only one minute of de -icing 
operation, make sure the light burns 
steadily before depressing the de-icer 
button. Use the de-icer system for 15 
seconds at a time. 

89 lee will adhere to the windshield, leading 
edge of the wings, empennage, and nose of the 
external fuel tanks. It is recommended that the 
altitude be changed immediately so that 
reduction in airspeed, due to ice accumulation, 
will not reduce the range of the aircraft. 

I WARNING I 
Heavy ice accumulations can cause the 
stalling speed to be greatly increased, 
and extreme caution must be exercised 
when landing under such conditions. Icing 
of the engine air intake area is an ever­
present possibili ty when operating in 
weather with temperatures near the 
freezing point. A reduction in fuel pres -
sure and rpm with a loss of thru s t (no 
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mechanical difficulties present} can in­
dicate engine icing. A major rise in tail­
pipe temperature is one of the normal in­
dications of engine icing on this type of 
engine. Low airspeed and high engine 
rpm conditions are the most conductive 
to engine icing. 

90 Dur ing take-offs into fog or low clouds, 
when temperature is at or near freezing , the 
eng ine could be subject to icing. Climbs should 
be made at higher than normal indicated air­
speeds under such conditions. 

I WARNING I 
When engin e icing is d e tected, r e duce 
power to m1n1mum cruising rpm and 
change altitude imme diately to leave icing 
layer. If throttle is not retarded imm e -
diat e ly to maintain normal tail - pipe 
temperatur es, eng ine failure may oci::ur 
rapidly because of ove rheating of turbine 
and exhaust system. Engine icing does 
n ot necessarily occur with wing icing. 

Desc e nt 
91 Proceed as follows: 

(a) Operate defroster to clear armour glas s 
panel of frost usually formed during rapid 
descent from altitude . 

Approach 
92 Proceed as follows: 

(a) Make normal pattern and landing but 
allow for flatter glide due to thrust augmenta­
tion caused by extremely low ambient tempera­
tures. 

{b) Turn off all electrical equipment not 
necessary at least one minute before final 
approach to reduce battery load when rpm i s 

lowered and ge nerator cuts out. 

(c) Pump brake pedals several times. 

(d) Energize the fuel filter de-icer system 
for 15 seconds prior to initial approach to 
preclude the possibility of an engine failure at 
low altitude. 

After Landing 
93 Proceed as follows : 

(a) If snow and ice tires are installed on 
aircraft, apply brakes intermittently and care­
fully to keep treads from filling and glazing 
over. 

(b) If conditions permit, taxi with sufficient 
rpm to cut in generator, as low temperatures 
d ec rease battery output. 

(c) Turn pitot heater switch OFF. 

Stopping En g ine 
94 The engine is stopped in the normal 
manner. If 3-GP-22a (JP-4, MIL-F-5624A} 
fuel is used, it is unnecessary to drain the fuel 
lines and tanks. If 3-GP-23a (JP-1, MIL-F-
5616} fuel is used, operate engine until fuel is 
exhausted, or drain fuel and lines, and service 
with 3-GP-22a or gasoline (3-GP-25b) if a cold 
engine start is anticipated. 

Before Leaving Aircraft 
95 Perform the following: 

(a) Release brakes after the wheels are 
chocked. 

{b) If weather conditions permit, leave 
canopy partly open to allow circulation within 
the cockpit, to prevent canopy cracking from 
differential contraction and to decrease wind­

shield and canopy frosting. 
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EMERGENCY HANDLING 

EMERGENCY TAKE-OFF 
General 
1 The aircraft is ready for take-off as soon 
as the engine is started. No warm-up period 
is necessary except to ensure correct oil 
temperature during cold weather starts. 

EMERGENCY RELIGHTING IN FLIGHT 
General 
2 Typical flame -outs at altitudes above 
25,000 feet are caused by too rapid movement 
of the throttle control or by a faulty regulator. 
Flame-outs can be identified by a loud explosion 
in the aft section of the aircraft and may be 
accompanied by a slight vibration. This type 
of explosion has not yet damaged an aircraft, 
and is not to be considered dangerous. Flame­
outs that are not accompanied by an audible 
explosion are usually caused by failure of the 
main engine fuel control system and any 
attempt at an air restart will have to be made 
on the emergency system . 

Engine Air Restart 
3 Engine air restarts are most successful 
at 15,000 feet or below. Attempts to start at 
higher altitudes should not be made unless 
absolutely necessary, as high altitude engine 

restarts are unpredictable and an unsuccessful 
attempt at a high altitude restart might prevent 
a successful start when a lower altitude is 
reached. Never attempt a restart above 25,000 
feet. Restarts should be made with the air­
speed stabilized to obtain 12 - 15% engine rpm 
through windmilling. Restarts at higher engine 
rpmareverydifficultandcan result in excess­
ive exhaust temperatures. 

Engine Restarts at 15,000 Feet and Below 
4 At altitudes of 15, 000 feet or below, 
restart engine as follows: 

(a) Throttle control OFF immediately 
after engine failure. 

(b) Check engine master, generator and 
battery starter switches ON. 

(c) If altitude is available, hold aircraft 
as level as poesible for at least 5 seconds to 
drain any fuel that may have accumulated in 
the combustion chambers or turbine section. 

(d) Slow aircraft to minimum safe airspeed 
in order to obtain an engine windmilling speed 
of 12 - 15%. 

Restarts in flight with the engine wind­
milling in excess of 15% rpm are difficult 
and may result in excessive and damaging 
exhaust temperature. 

(e) Turn off all non-essential electrical 
equipment as the generator i s not operating. 

(f) If main engine 
suspected, 

fuel 
turn 

control system 
emergency fuel failure is 

switch ON. 

(g ) 

NOTE 

If flame-out was caused by too rapid 
throttle control movement, do not turn 
on the emergency fuel system. Unless 
the main system has actually failed, the 
emergency system should not be used. 
Starts made with the main fuel system 
1n operation have greater chance of 
success. 

Emergency ignition switch ON. 

(h) Move throttle control to slightly below 
the IDLE detent and wait until rising exhaust 
temperature shows that engine has started. 

(j) If combustion do e s not take pla~e within 
20 seconds, slowly retard the throttle control 
to reduce fuel pressure and then re-advance 
to just below IDLE. Repeat this procedure 
until ignition occurs or until one minute has 
elapsed. 

(k) If initial restart is unsuccessful, and 
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altitude is still sufficient, turn emergency 
ignition switch OFF and retard throttle control 
to OFF. Hold aircraft level as long as is 
practical to drain combustion chambers and 
turbine section, then repeat starting procedure. 

(1) When combustion takes place and 
exhaust temperature stabilizes, turn emerg­
ency ignition OFF and adjust throttle control 
to keep exhaust temperature at not over 500°C 
until idle rpm is reached. 

Ignition units may be damaged if eme r­
gency ignition is left on more than 3 min­
utes. Ifstartisevidencedby low exhau st 
temperature (approximately 200°C) and 
temperature does not increase when 
throttle control is advanced, shut off 
engine and restart, as this condition 
indicates that not all burners are lighted. 
The engine may be damaged if this condi­
tion is allowed to continue. 

( m) If ignition does not occur before aircraft 
descent to an altitude of 5,000 feet, make a 
forced landing, or abandon the aircraft. 

Engine Restarts Above 15,000 Feet 
5 Air restarts above 15,000 feet should n o t 
be attempted unless absolutely necessary , as 
the procedure is critical and results are 
unpredictable. Restarts above 20,000 feet 

should not be attempted when 3-GP-23a (JP-1) 
fuel is used. Restarts above 25, 000 feet should 
not be attempted when gasoline, 3-GP-25b is 
used. High altitude restarts are possible and 
best results will be obtained by following the 
same procedure outlined for starts at 15,000 
feet and below, but making definite allowances 
for the following facts: 

(a) At very high altitudes, the engine can 
be on the verge of a compressor stall with the 
throttle control at IDLE. Any advancement of 
the throttle control could cause a complete 
stall. Should stall occur, throttle control must 
b e moved to OFF, and restart procedure 
attempted again at a suitable height using a 
slig htly lower initial throttle control s e tting. 

NOTE 

PULL GEAR EMERGENCY RELEASE; 
HOLD EXTENDED FOR MINIMUM OF 
11 SECONDS. (IF FAILURE WAS ELEC­
TRICAL, GEAR WILL LOWER NOR­
MALLY WHEN RELEASE IS PULLED.) 

CAUTION 
PUU EMERGENCY RELEASE 
TO FULL EXTENSION 
(APPROXIMATELY 28 INCH.) 
TO ENSURE RELEASE OF AU 
UP-LOCKS 

4 

OPERATE EMERGENCY 
HANO.PUMP TO LOWER AND 
LOCK NOSE WHEEL 

NOTE 
OPERATION REQUIRES 
APPROXIMATELY 30 TO 
3S SECONDS. 

6 . . 

AIRPLANES I 9102 TO I 94 52 

It may be necessary to use a sett ing 
considerably below IDLE, because of the 

F igur e 3 -1 L a n din g G ea r Emergency 
Exte n s ion (Aircraft 19102 to 19452 ) 
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reduced fuel pressures necessary for 
combustion at high altitudes . 

(b) Slow , careful movement of the throttle 
control is important in restart procedures, as 
very small changes in fuel pressure make a 
great deal of difference at higher altitudes. 

(c) Exhaust temperatures during high alti­
tude restarts will be critical and care must be 
used to keep them within safe limits. 

TRIM FAILURE 
Horizontal Tail Normal Trim Failure 
6 If a failure of the normal trim control 
for the controllable horizontal tail oc curs, the 

(AIRCRAFT 19453 AND SUBS.) 

1 . . 

PULL GEAR EMERGENCY RELEASE; 
HOLD EXTENDED FOR MINIMUM 
OF 11 SECONDS TO LOWER GEAR. 

CAUTION 
PUU EMERGENCY RELEASE 
TO FULL EXTENSION 
/APPROXIMATELY 28 INCHES) 
TO ENSURE RELEASE OF 
ALL UP-LOCKS. 

Figure 3-2 Landin g Gear Emergency 
Extension (Aircraft 19453 and Subsequent) 

tail can be trimmed through use of the alternate 
longitudinal trim switch. 

Aileron Normal Trim Fallure 
7 In-event of a failure of the normal aileron 
trim control, the ailerons can be trimmed 
through use of the alternate lateral trim switch 
on the left console, aft of the throttle control. 

Wing Flap Failure 
8 No emergency flap control system is 
provided. If unequal retraction or extension 
of the flap occurs during normal flap operation, 
hold aircraft level and return flap control to 
original position. Land as soon as possible 
without further attempts to operate the flaps. 
Aileron control is sufficient to overcome the 

rolling effect of unequal flap extension. 

SPEED BRAKE SYSTEM FAILURE 
General 
9 To close speed brakes in case of 
electrical or hydraulic failure, move the 
emergency speed brake control to EMERG. 
CLOSED. To open speed brakes in case of a 
hydraulic failure, use the normal speed brake 
control. A hydraulic accumulator will provide 
pressure for one complete cycle of the speed 
brakes. 

Sticking of Slats 
IO Uncle r certain conditions of flight, such as 
a high speed stall in a steep climbing turn, it 

may be possible to have one slat jam at the 
outboard edge while the other slat opens 
normally. This causes the aircraft to flick 
out of control in a very erratic spiral dive. 
The method of recovery is to increase speed 
by closing the dive brakes if open , keep ing the 
nose down and opening the throttle. 

LANDING GEAR EMERGENCY OPERATION 
Landing Gear Emergency Retraction 
11 If it is necessary to retract gear while 
aircraft is on the ground, move normal gear 
control handle to UP and hold emerg~ncy-up 
button depressed until gear retracts. The gear 
will retract only if hydraulic pressure is 
available. 

Landing Gear Emergency Extension 
12 See figures 3-1 and 3-2. Before using 
emergency gear lowering procedure, check 
gear indicator light bulbs for operation. When 
the landing gear indicators or the horn indicate 
that one or more of the wheels are not locked 
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down, a v isual check, if feasible, should be 
made by the control tower. In the wheel down 
cycle, the do wnlock microswitches, wired in 
s e ries, w ill not close the landing .gear doors 
until all three wheels are down and locked. If 
the tower confirms that the wheels are down 
and the doo rs closed, the landing gear must 
be locked down and continued evidence by the 
indicators or horn of an unsafe gear can be 
at tributed to an electrical fault in the system. 

NOTE 

On aircra_ft 19102 to 19452 inclusive, 15 
to 20 strokes of the emergency hand pump 
are required to lower and lock the nose 
gea r. This procedure takes approx ­
imately 30 to 35 seconds, therefore 
attempt to have the operation completed 
before final approach. 

M ain G ea r Down, Nose Gear Up or Unlocked 
13 If the nos e gear willnotextendorlock 
down, j e ttison all external loa.d and, if tim e 
and conditions permit, fire all ammunition 
and expen d any exc e ss fuel to establish an aft 
centre of gr a vi ty condition and to minimize 
possible fire hazard. A landing should be 
made, in the following manner: 

(a) 
IAS) . 

(b) 

C anopy switch OPEN (below 215 knot s 

Plan approach to touch down as near 

en d of runway as possible. 

(c) Make a no rmal approach with flaps 
down an d speed brakes open. 

(d) Throttle control OFF. 

(e ) Just before touchdown, engine master, 
generator, and battery-starter switches OFF. 
(Batte ry-starter switch last so that power will 
be available to close fuel shut-off valve w hen 
e ngine master switch is turned OFF.) 

(f) Lock shoulder harness, and unbuckl e 
parachute harness. 

(g) At touch down, pull stick full back. 
Hold the nose wheel off as long as p o ssible . 
Ease nose down before horizontal stabilizer 
control is ineffective, to prevent nose or nose 
wheel from dropping abruptly to the ground. 

(h) Do not use brakes unless necessary. 

NOTE 

If nose gear i s down and every other 
method of locking has failed, attempt to 

snap it in to the locked position by making 
a touch-and-go landing. Make a power 
approach and touch the main gear to the 
runway with a slight bounce, and then go 
around. 

One Main Gear Up or Unlocked 
14 If one or both main gears will not extend 
or lock down, jettison all external load, and 
if conditions permit, fire all ammunition and 
e xpend any excess fuel to minimize fire hazard. 
If possible, retract gear and make a b e lly 
landing. If gear cannot be retracted, land on 
the runway with as many wheels down as 
possible. Use the following procedure: 

(a) 
IAS). 

Canopy switch OPEN (below 215 knots 

(b) Justbeforetouchdown, throttle control 
OFF, and engine master, generator, and 
battery-starter switches OFF. (Battery­
starter switch last so that power will be 
available to close fuel shut-off valve when 
e n gine master switch is turned OFF.) 

CABIN PRESSURIZATION EMERGENCY 
OPERATION 

WARNING I 
Always have oxyg e n available for 
immediate use when flying above 10 , 000 
feet with cockpit pressurized. 

Emergency Depressurization 
15 Should sudden depressurization of cockpit 
be necessary, proceed as follows : 

(a) On aircraft 19102 to 19500 inclusive, 
turn oxygen regulator dial control to ABOVE 
45M, and tighten mask to hold pressure. 

(b) On aircraft 19102 to 19452 inclusive, 
move cabin pressure control lever to OFF . On 
aircraft 19453 and subsequent, move cockpit 
pre ssure switch to RAM. 

(c) lfathighaltitude, descend below 25,000 
feet immediately. 
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Cooling Unit Failure 
16 Failure of the cooling unit of the cockpit 
air conditioning and pressurizing system will 
allow air at high temperatures to enter the 
cockpit. If very high temperature air enters 

the cockpit, proceed as follows: 

(a) Ifathighaltitude, immediately descend 
to 20,000 feet or less. 

(b) On aircraft 19102 to 19452 inclusive 
move cabin pressure lever to OFF. (RAM 
AIR ON-DUMP OPEN). On aircraft 19453 and 
subsequent, move cabin pressure switch to 
RAM. 

OXYGEN SYSTEM EMERGENCY OPERATION 
(Aircraft 19102 to 19500 Inclusive) 

General 
1 7 With symptoms of the onset of anoxia, 
or if smoke or fuel fumes should enter the 
cockpit, set the diluter lever to 100% OXYGEN. 

18 If the oxygen regulator should become 
inoperative, descend to a cockpit altitude not 

requiring oxygen. 

NOTE 

After emergency is over, set diluter 
lever of regulator to NORMAL OXYGEN 
and the pressure dial as required by 
altitude. 

OXYGEN SYSTEM EMERGENCY OPERATION 
(Aircraft 19501 and Subsequent) 

General 
19 Should symptoms suggestive of the onset 
of anoxia occur, or should the regulator 
become inoperative, immediately deflect the 
EMERGENCY toggle switch to the right or left 
and descend below I 0, 000 feet. 

20 Whenever excessive carbon monoxide or 
other noxious or irritating gas is present or 
suspected, the diluter lever should be set at 
100% OXYGEN regardless of aircraft altitude 
until the danger has passed or the flight 
completed. 

ARMAMENT EMERGENCY OPERATION 
Bomb, Rocket and Chemical Tank Erne rgency 
Release 

NOTE 

For emergency jettison procedure during 

take-off refer to Paragraphs 32 and 33 

following. 

21 To jettison demolition bombs unarmed, 
press the bomb-rocket-tank salvo button. 
These bombs can also be dropped safe by having 
the bomb arming s witch OFF and the demolition 
bomb single -all selector switch at ALL, and 
then depressing the bomb release button on the 

control stick grip. 

22 Fragmentation bombs are automatic ally 
armed as they are released from the rack, so 
that unarmed release 0£ individual fragmenta­
tion bombs is impossible. If the complete 
fragmentation bomb rack is released with 
bomb s installed, the bombs w ill be dropped 
safe. This unarmed release of fra gmentation 
bombs is accomplished by depre s sing t he 

bomb-rocket re lease button on the control 
stick grip after po sitioning the fragmentati on 
bomb selector switch at OFF and the demolition 
bomb single - all selector s witch at ALL . O n 
aircraft 19301 and subsequent, d emol i tion and 
fragmentation bombs may be j et tisoned m e ch­
anically by pulling the eme r gency jettison 
handle . D emolit ion bombs ar e releas e d 
unarm <! d, as the bomb arming circuit i s b r oken 
when . the handle is actuated. Fragm e ntation 
bombs are dropped safe, as the complete 
fragm e ntation bomb racks ar e rel e as e d. 

23 Rocket s may be jettisoned by positioning 
the rocket fu s e arming switch at DELAY or 
OFF and the rocket jettison switch at JETTISON 
READY, and then depressing the bomb-rocket 
rel e ase button on the control stick. 

24 To salvo rockets, hold bomb - rock e t ­
tank salvo button on momentarily, or, on 
aircraft 19301 and subsequent, pull the 
emergency j ettis on handle. 

I WARNING I 
To prevent accidental rocke t ign1t1on 
during jettison release on airc r aft 19102 
to 19300 inclusive, the rocket releas e 
selector must be at OFF. 

25 The chemical tanks may be droppe d by 
operation of the bomb r<;>C Ket-tank salvo switch, 
the normal bomb release syst e m, or , on 
aircraft 19 3 01° and subs e quent, the emergency 
j e ttison handl e . 
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Amm unition Heat Erne rgency Shut-off 
26 Should ammunition compartment over­
heat indicator light come on, indicating excess -
ive ammunition compartment temperature, pull 
the ammunition heat emergency shut-off to its 
full extension to shut off the supply of heated 
air to the ammunition compartment. 

NOTE 

The emergency shut-off cannot be reset 
in flight, consequently preventing the use 
of ammunition compartment heat for the 
remainder of the flight. 

FIRE 

NOTE 

There is no fi re extinguishing system on 
this aircraft. 

Engine Fire During S tarting 
2 7 If a fire detector light comes on or there 
are other indication 'of fires, proceed as follows: 

(a) Throttle control OFF. 

(b) Depress PUSH TO STOP 
button, if necessary. 

(c) Engine master switch OFF. 

(d) Battery switch OFF. 

(e) Leave aircraft as quickly as 

Engine Fire During Flight 
28 Proceed as follows: 

STARTER 

possible. 

(a) If forward fire detector light comes on, 
shut down engine immediately. 

{b) If aft fire detector light comes on, 
reduce power to see if light will go out. If light 
goes out, continue flight at reduced power, 
landing as soon as possible. If light does not 
go out, shut down engine immediately. 

(c) Generator and battery switches OFF, 
if fire does not go out when engine is dead. 

Whenitisnecessary to turn off the elec­
trical power source, most of the elec-

trical equipment including fire warning 
lights will be inoperative. 

(d) If indication of fire persists after engine 

is shut down, or if fire goes out and an emer­
gency landing is impossible, abandon aircraf't 
immediately. 

Smoke or Fumes in Cockpit 
29 Ifsmokeorfumes should enter the cock-
pit, proceed as follows: 

(a) Move cabin pressure c ontrol lever to 
OFF, ram air ON, dump OPEN, or cockpit 
pressure control switch to RAM. 

(b) Oxygen regulator diluter lever 100% 
OXYGEN. 

(c) On aircraft 19102 to 19500 inclusive, 
set oxygen regulator pressure dial as required 
by cockpit altitude. 

Electrical Fire 
30 Circuit breakers and fuses protect most 
of the electrical circuits and will tend to isolate 
an electrical fire . If electrical fire occurs, 
turn battery and generator switches OFF and 
land as soon as possible, since battery power 
for surface control emergency hydraulic pump 

operation will last only from eight to twenty­
five minutes. 

ENGINE FAILURE 
Engine Failure Before Leaving Ground 
31 Proceed as follows: 

(a) Throttle control OFF. 

(b) Apply brakes. 

(c) Canopy switch OPEN. 

32 ll gear must be retracted because of 
insufficient remaining runway: 

(a) Press bomb-rocket-tank salvo button 
when bombs, rockets, or drop tanks are 
installed . 

(b) 

NOTE 

Rockets cannot be jettisoned electrically 
when weight of aircraft is on gear . 

Landing gear handle UP. Hold gear 

8 4 RESTRICTED 

-· ... 



• 

RESTRICTED 
EO 05-5C- l 

PART 3 

emergency up button depressed uritil gear 

retracts . 

(c) Engine master switch and battery-
starter switches OFF. 

Turn engine master switch OFF, while 
battery-starter switch is still at BAT­
TERY, so that power will be available 
to close the fuel shut-off valve. 

Engine Failure During Take -Off 
33 If the engine fails on take -off after the 
aircraft is airborne, prepare f or an emergency 
landing, accomplishing as much of the following 
as possible. 

(a) Throttl e control OFF . 

(b) Press bomb-rocket-tank salvo button 
if external stores are carried. 

(c) Landing gear handle UP. 

(d) Canopy switch OPEN. 

(e) Check flaps control lever DOWN. 

(f) Engine master, generator, and battery­
starter switches OFF before ground contact. 

(g) 

Turn engine master switch OFF while 
battery-starter switch is still at BAT­
TERY, so power will be available to 
close the fuel shut-off valve. 

Shoulder harness locked. 

(h) Land straight ahead, changing course 
only enough to miss obstacles. 

Engine Failure During Flight 
34 If engine failure occurs during flight, 
follow this procedure: 

(a) Throttle control OFF. 

(b) Establish glide at 18 5 knots IAS with 
gear and flaps up and spe ed brakes clos e d fo r 
maximum g lid e distanc e . 

(c) Turn off non-essential electrical equip-
ment. 

(d) Attempt an air restart (refer to Para-
graph 2, preceding). 

(e) If an air restart is impossible, jettison 
all external load and make a forced landing. 

(f) If no suitable landing area is available, 

bail out. If a forced landing is contemplated, 
maintaining the glide at 185 knots IAS (gear 
and flaps up, speed brakes in), will provide 
the maximum gliding distance. Unless the 
engine is damaged, it will windmill at sufficient 
speed to provide power for the hydraulic sys -
tern, although landing gear operation may be 
slower than usual. The surface control hydrau­
lic system will operate normally, but excessive 
use of the controls should be avoided in order 
to conserve accumulator pressure. At normal 
gliding speeds, engine windmilling does not 
provide adequate generator output and the bat­
tery is then the only source of electric power. 
With engine master switch, IFF radar, radio, 
a rmament equipment, pitot heater, and lights 
turned off , the battery can supply power for 
only approximately 7 to 28 minutes. 

I WARNING I 
If engine damage prevents windmilling 
(causing normal hydraulic system pres­
sure failure), the automatic operation of 
the surface c ontrol e mergency hydraulic 
pump imposes the maximum drain on 
battery power and results in minimum 
time of battery output. 

FUEL SYSTEM EMERGENCY OPERATION 
General 
35 Sudden loss of fuel pressure and a 
decrease in engine rpm indicates failure of 
some portion of the main fuel control system 

and n ecessitates switching to the emergency 
fuel control system for continued operation. In 
order to switch safely fr om the main to the 
emergency fuel system, either the emergency 
system must be turned on before engine rpm 
drops below 80% rpm, or the throttle control 
must be retarded t o IDLE, the e m e r gency 
system switched ON, and the throttle control 
re-advanced slowly. 

I WARNING I 
Do not turn on emergency fuel switch if 
rpm is below 80% without first retarding 
throttle control to IDLE. To do so may 
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cause dangerous engine overheating or 
compressor stall. 

No automatic engine overspeed protection 
is provided when the eme rgency fuel 
control system is being used and throttle 
movement must be smooth and gradual 
to avoidflameout or engine ove rspeeding , 
particularly at high altitudes . 

36 If the flame is not extinguished and only 
a partial loss in power exists, proceed as 
follows : 

(a) Retard throttle to IDLE . 

(b) Switch emergency fuel system ON . 

(c) Open throttle s lowly and check that rpm 
increases. 

3 7 

Avo id rapid throttle m o vement when 
operating on the eme rgency fuel system, 
particularly at altitude. 

If c omplete failur e o f main fuel system 
is experienced, proceed with an air restart 
as outlined in Paragraphs 2 to 5, preceding, 
using the emergency fuel system. 

38 If engine stops bef ore emergency system 
is turned on, attempt an air restart. 

EXTERNAL LOAD EMERGENCY RELEASE 
General 
39 To drop any external load during an 
in flight emerge ncy, follo \\· this proc e dure: 

(a) 

(b) 

Push bomb-rocket-tank salvo button. 

Check to make sure load is released. 

(c) If load failed to release, pull emergency 
release handle on aircraft 19301 and sub­
sequent. 

(d) Ifcheckrevealsthatloaddidnot release 
and i f time permit s , check circuit breakers in, 
and demolition bomb release selector switch at 
M,-'\.NUAL RELEASE . Place demolition bomb 
single -all selector switch at ALL and rocket 
j ettison switch at READY , then press bomb­
r ocket releas e button on s ti ck grip. 

ELECTRICAL SYSTEM EMERGENCY 
OPERATION 

General 

40 If a complete electrical failure should 
occurorifforanyreas onit becomes necessary 
to turn off both battery and generator, proceed 
as f ollows : 

(a) If possible, before turning off electrical 
power, reduce airspeed and adjust trim, as 
trim or flaps are not adjustable without elec -
tri cal power. 

(b) The fuel booster pumps will be inoper­
ative when electrical power is shut-off and it 
may be necessary to reduce altitude and rpm 
in order to maintain satisfac tory engine oper­
ation. 

(c) Reduction of rpm for satisfactory engine 
operation w ithout booster pumps m ay require 

that th e ai rcraft be held in a s lightly nose-high 
attitude to maintain altitude . If prolonged flight 
in this condition is necessary, app roximately 
21 Imperial (25 U.S.) gallons of fuel may be 
trappedintheaftfuselage tank since the trans­
fer pump will als o be inoperative. The actual 
quantity of fuel trapped will depend upon the 
total fuel in all tanks at the time of electrical 
failure . When sufficient altitude is available , 
some trapped fuel can be drained into the centre 
wing tank by levelling off or nosing down slightly 
f or a short period. 

(d) Land as soon as possible. 

Generator Failure 
41 If the generator -off warning light illu­
minates indicating generator failure or drop 
in generator output all non-essential equipment 
should be turned off to reduce the load on the 
battery. If generator output is off because of 
engine failu re, the engine master switch should 
be moved to OFF to lessen battery loads. The 
length of time that useable battery power is 
available for continued operation is approxi ­

mately 7 to 28 minutes. Battery output duration 
may be decreased, however, by a number of 
variable factors including low state of battery 
charge, excessive electrical loads, and low 
b attery temperature . 

On aircraft 191 OZ to 19300 inclusive, when 
generator fa ils, drop any external load 
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immediately, because the normal and 
emergency release controls will be oper­
ative only as long as battery power is 

a vailable. 

WARNING I 
In case normal surface control hydraulic 
system fails while generator is out, bat­
tery power for emergency hydraulic pump 
operation will last only from 6 to 7 min­
utes with the dead engine wiM.dmilling. 

Generator Overvoltage 
42 If generator overvoltage is indicated by 
warning light or voltmeter, attempt to bring the 
generator back into the circuit as follows: 

(a) Hold the generator switch as RESET 
momentarily, then turn switch OFF. If the 
voltmeter shows normal system voltage, it 
indicates the overvoltage was temporary. Turn 
generator switch ON. 

(b) On aircraft 19102 to 19200 inclusive, if 
overvoltage is still indicated by voltmeter, 
attempt to bring voltage below allowable limit 
(28 volts) by adjusting voltage rheostat, with 
generator switch OFF. A maximum of 31 volts 
is allowable in an emergency if voltage cannot 
be decreased to 28. Hold generator switch 
momentarily at RESET again and then turn 
switch ON. If overvoltage warning light remains 
out, check voltage and readjust rheostat as 
necessary to obtain normal system voltage. 
On aircraft 19201 and subsequent, the rheostat 
is not installed, and pilots cannot adjust for 
o ve rvoltage. 

(c) If voltage cannot be brought within 
allowable limit, leave generator switch OFF, 
reduce load on battery as much as possible, 
and land as soon as practicable. 

43 Iftheammeteratanytimereads zero and 
the generator-off warning light is not illumi­
nate d, move the generator switch to the RESET 

position, as it is quite possible the warning light 
has bu rned out and therefore will not indicate 
an ove rvoltage condition. 

Inverter Failure 
44 On aircraft 19102 to 19452, if failu:Fe of 
the single-phase inverter is indicated by illu­
mination of the instrument power off warning 
light, move instrument power switch to ALT. 

On aircraft 19453 and subsequent, move the 
instrument power switch to ALT when the main 
instrument (three -phase) inverter off warning 
light is illuminated. 

Loss of a. c. power results in failure of 
the fuel flowmeter and totalizer, and the 
hydraulic, fuel, and oil pressure gauges . 
These instruments, while inoperative, 
will provide erroneous indications as 
pointers continue to register conditions 
which existed when power failed. 

FLIGHT CONTROL HYDRAULIC SYSTEM 
FAILURE 

General 
45 In case of failure in the normal flight 
controlhydraulic system, the alternate system 
will automatically take over, as indicated by 
the emergency-on warning light. If the a lternate 
system fails to take over automatically, move 
the power controls switch to ON EMERG. 
(Aircraft 19102 to 19452) or ALTERNATE ON 
(Air craft 1945 3 and Subsequent). If this fails 
to engage the alternate system, 1)ull the manual 
override hanc le (Aircraft 19453 and Subse­
quent). 

WARNING I 
B ecause of the lower output of the eme r­
gency pump, control movement should be 
held to a minimum to avoid the possibility 
of exhausting hydraulic accumulator 
pressure supply. 

ABANDONING IN FLIGHT 
Emergency Exit 
46 In all cases of emergency exit in flight, 
escape must be acc omplished by means of seat 
ejection. 

4 7 For seat ejection procedure, see figure 
3 -3. 

NOTE 

Stow all loose equipment before ejection. 

48 Following ejection and after kicking away 
from seat, delay opening parachute as long as 
possible to reduce parachute opening shock , 
and to allow seat to fall clear so it will not fou l 
parachute when ope ned. For ejection below 
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----1 AT ALTITUDE, PULL BALL HANDLE ON BAil-OUT BOTTLE. 

NOTE 
SHOULD CANOPY FAIL TO EJECT, OPEN ELEC­
TRICALLY AT SPEEDS BELOW 215 KNOTS I A 5. 
ONCE OPEN , AIR LOADS SHOULD REMOVE 
THE CANOPY WHEN IT IS DECLUTCHED. 

5 SIT ERECT, HEAD HARD BACK AGAINST 
HEADREST, CHIN TUCKED IN. 

6 SQUEEZE TRIGGER. 

2 LOWER HEAD - PULL UP RIGHT 
HANDGRIP TO EJECT CANOPY. 

WARNING 
LOWER HEAD AND BODY AS 
FAR AS POSSIBLE BEFORE 
EJECTING CANOPY. DO 
NOT ACCIDENTALLY HIT 
SEAT EJECTION TRIGGER. 

PULL UP LEFT HANDGRIP 
{LOCKS SHOULDER HARNESS). 

HOOK HEELS IN FOOTRESTS AND 
BRACE ARMS ON ARMRESTS. 

7 AFTER EJECTION, RELEASE 
SAFETY HARNESS AND KICK 
AWAY FROM SEAT. 

8 DELAY OPENING PARACHUTE 
AS LONG AS ALTITUDE WILL 
PERMIT. 

Figure 3-3 Ejection Seat Operation 
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2000feet, if proper position on the seat can be 
maintained, unfasten the seat belt before pro­
ceeding with the ejection s equence. 

EMERGENCY ENTRANCE 
General 
49 For emergency access to cockpit on 
ground if canopy cannot be opened by external 
electrical push button, pull emergency canopy 
release on l eft side of fuselage just below canopy 
frame and slide canopy to rear of fuselage deck. 

CRASH LANDING 
General 
50 See f igure 3 - 4 for maximum glide dis -
tance obtaina ble from different altitudes, and 
see figure 3 -5 for procedure to follow in case 
of a forced landing. 

If utility hydraulic system is out, do not 
cycle the speed brakes at any time during 
the glide, as remaining hydraulic accu­
mulator pres sure will b e exhausted and 
will not be available when needed for 
landing. 

Practice Forced Landin g 
51 When p racticing forced landings, it should 
be realised that a jet engine at idling rpm con -
tinues to give several hundreds pounds thrust, 
whereas a powerless, windmilling engine 
creates drag. If the speed brakes are opened 
and the throttle set at 72%, the gliding angle 
will approximate that given by a windmilling 

engine with the undercarriage raised. With the 
undercarriage lowered, set the throttle at 69% 

rpm. 

DITCHING 

NOTE 

Inspect emergency equipment, para­
chute, life vest and raft pack before each 
over water flight. 

General 
52 Ditch only as a last resort. All emer­
gency survival equipment is carried by the 
pilot and there is no advantage in riding the 
aircraft down. If altitude is not sufficient for 
emergency exit and ditching is unavoidable, 
proceed as foll ows: 

(a) Follow radio distress procedure. 

(b) Jettisondroptanks, bombs, or rockets . 

(c) See that no personal equipment will 
foul when leaving the cockpit. D isc onnect anti­
G suit and oxygen hose. 

(d) 

( e) 

(f) 

( g) 
IAS). 

Make sure s"afety belt is tight. 

Check gea r up and speed brakes m. 

Throttle control OFF, 

Canopy switch OPEN (below 215 knots 

NAUTICAL MILES - (NO WIND) 
MAXIMUM POSSIBLE GLIDE DISTANCE 

Fi gure 3-4 Glide Distance with Dead En gine 
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forced landing 
dead engine 

OPEN CANOPY 
( JETTISON IF 
NECESSARY) 

LOWER GEH ONLY 
IF LANDING ON A 
PREPARED IIUNWAY 
OF SUFFICIENT 
LENGTH 

WHEN NECESSAfrt,LOWER 
FLAPS ( USUAL.LY ON BASE 
LEG); THEN Oft£N SPEED 
BRAK!S . 

--~~ / ~·~ - ~ 

(_ ~ \ APPROXIMATELY 
__,--, , - ' ~ ------.,,, , 1500 FEET ON 

~

- _ ~-~-~ _ \ BASE LEG 

~ - -~ ~--- -' m~ _, ~ ~ 

•OVER THE FENCE" AT 130 
KNOTS IAS ( 145 KNOTS IAS 
WITH FULL INTERNAL FUEL). 

WHEN COMPELLED TO MAU A 
- FORCED LANDING : 

JETTISON EXTERNAL ~ -

ENGINE MASTER, GENERATOR, 
AND BATTERY-STARTER 

SWITCHES OFF. 

NOTE 

SLIP OR FISHTAIL IF 
NECESSARY, ANO PLAY 

THE BASE LEG AND THE 
TURN ONTO FINAL 

APPROACH TO TOUCH 
DOWN AT PROPER POINT. 

150 KNOTS 

IF OVERSHOOTING, USE SPEED BRAKES 
SOONER TO STEEPEN GLIDE. 

IF UNDERSHOOTING WITH GEAR AND 
FLAPS DOWN , CLOSE SPEED BRAKES 
AND SLOW TO 120 KNOTS I AS . 

Figur e 3 -5 F orced L anding 
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(h) Lower wing flaps. Flaps collapse on 
impact and do not tend to make aircraft dive. 

(j) Engine master, gene r ator, and battery­
starter switches OFF. (B attery-starter switc h 
last so tha.t power will be available to close 
fuel shut-off valve when engine master switch 
is turned OFF). 

(k) Shoulder harness locked. 

(i) Unless wind is hi g h or sea is rough, 
plan approach heading parallel to any uniform 
swell pattern and try to touch down along wave 

crest or just after crest passes. If wind is as 
hi gh as 25 knots or surface is irregular, the 
best procedure is to approach into the wind 
and touch down on the fallin g side of a wave. 

(m) Make normal approach and flare out to 
normal landing attitude, being careful to keep 
the nose high. 

WARNING I 
If aircraft is ditched in a near-level 
attitude, it will dive vio lentl y shortly 
after contact. 
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OPERATING DATA 

FLIGHT RESTRICTIONS 
General 
1 The following tabulation summarizes the aircraft load factor 
limits and restrictions for various configurations and manoeuvres. 
The aircraft has been demonstrated within these boundaries, but not 
beyond. Do not exceed. 

LOAD FACTOR LIMITS 

Rolling 
Symmetrical Pull out 

Configuration Speed Limits Max. Min. Max. Min. Miscellaneous 

Clean 600 KTS IAS 7. 0 G 4. 5 G 
or airspeed at at 
where wing 15000' -3. 0 G 15000' -1. 0 G 
roll is excessive or or 

below. below. 
6. 0 G 4. 0 G 
over over 
15000' 15000' 

Rockets Max. obtainable, 6. 0 G -2. 0 G 4. 0 G -1. 0 G No continuous 
except avoid rolls (A contin-
buffet regions ous roll is defin-

ed as one exceed-
ing 360 degrees} 

100 Imperial Above 15000' 
(120 U, S,) gallon Max. obtainable, 
drop tanks unless excessive 
(Aircraft 19102 to wing heaviness is 
19452 inclusive) encountered. 6. 0 G -2.0 G 4. 0 G -1. 0 G 

At 15000' and below. 
Mach. 90 
or 555 KTS 
whichever is less. 
Do not exceed 
buffet initiation 
speed. 

Figure 4-1 (Sheet 1 of 5) Load Factor Limits Chart 

RESTRICTED 93 



PAR T 4 

Configur ation 

1 6 7 Imper ia 1 
(200 U.S.) ga llon 
drop tanks 
(Ai r craft 19453 and 
subsequent) 

S peed Limit s 

Above 15000 ' 
M a x . obta inable , 
u n le ss excessive 
wing heavines s 
is enc o unte red. 
15000' and b e l ow. 
Mach. 9 5 or 555 
KTS . whichever 
is less . Do not 
exceed buffet in­
iti a ti o n speed. 

RES TRICTED 
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LO AD FACTOR LIMITS 

Symmetrical 
Roll ing 
Pull ou t 

Max . 

5. 0 G 

Min . Max. Min. Miscella neous 

- 2 . 0 G 3 . 33 G -1. 0 G N o continuous 
r o lls 

Bomb 100 o r 1(100 lb . P.ny A lt . Mach . 8 5 
D o no t exceed 
buffet in i tiation 
speed. 

6 . 0 G - 2 . 0 G 4 . 0 G -1. 0 G No c ontinuous 
r olls 

Bomb 500 lb.' 

B omb 500 lb, 
wi thT-127 
fins installed 

Bomb 250 lb GP 

P. n y Alt . M a ch . 70 
D o not exceed 
buffet initiation 
speed. 

Ab ove 25000' 
M ach. 90 

Below 25000' 
. 85 M a ch or 500 
KTS. !AS which­
ever is less. 

Above 15000' 
Max. obtainab le, 
unless excessive 
wing he a viness 

6. 0 G 

6. 0 G 

is encountered . 6. 0 G 
15000' and below. 
Mach . 90 or 555 KTS 
whichever is less. 
Do not exceed 
buffet initiation 
speed. 

-2. 0 G 4. 0 G -1. 0 G No c ontinuous 
rolls 

-2. 0 G 4. 0 G -1 . 0 G No c ontinuous 
r o lls 

-2 . 0 G 4. 0 G -1. 0 G 

In turbulent air, manoeuvres over 2 G applied are not recommended. 

Figure 4-1 (Sheet 2 of 5) Load Factor Limits Chart 
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P ART 4 

TACHOMnER EXHAUST TEMPERATURE 
- 78% rpm - 200°c 
- 78% - 93% rpm 

Minimum Cruise 
Continuous - 200°C to 6SS°C 

Minimum 
Continuous 

- 93% rpm 

- 100% rpm 

Max Continuous (Operation 
Above This Point Limited) 

Take-off and Military Power 
(30 Minutes Max) 

- 690°C 

- 870°C"' 

Maximum (Take-off and 
Military Power-30 Min Max) 

Max During Starting and 
Acceleration Only 

"'Refer to warning on hot starts in starting 
procedure,part II. 

BASED ON ANY FUEL 
NOTED IN 

FLIGHT OPERATIONAL 
INSTRUCTION CHARTS 

OIL PRESSURE FUEL PRESSURE 
- 2 psi Minimum 
- 2 -SO psi Continuous 
- SO psi Maximum 

Above 70% rpm, minimum 
oil pressure limit is S psi. 

~2700 psi 

- 2700-3000 psi - 3400 psi 

- 40psi 
- 40-400 psi - 600 psi 

HYDRAULIC PRESSURE 
UTILITY FLIGHT CONTROL FLIGHT CONTROL 

HYDRAULIC NORMAL HYDRAULIC ALTERNATE HYDRAULIC 
SYSTEM SYSTEM SYSTEM 

Malfundion within system-
Normal only if system 
is engaged and controls 

unit operation sluggish. are operating. 

Normal 
Normal when controls 
are not in use. 

Maximum 

Fi gure 4-1 (Sh eet 3 of 5) Load Factor Limits C hart 

RESTRICTED 

Minimum 
Continf,lous 
Maximum 
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PART 4 

MANOEUVRES PROHIBITED 

RESTRICTED 
EO 05-5C- l 

(a) Opening canopy above 215 knots. 

(b) Lowering landing lights above final approach speed. 

(c) Raising or lowering landing gear or flaps above 185 knots. 

(d) Spins with bombs, rockets or 167 Imperial (200 U.S.) gallon 
drop tanks installed. 

(e) All aerobatics when bombs or rockets are installed. 

(f) Inverted flying or any manoeuvre resulting in negative 
acceleration must be limited to 10 seconds duration . 

(g) Continuous rolls when rockets, 500 pound or 1,000 pound 
general purpose bombs, or 167 Imperial (200 U.S.) gallon 
drop tanks are carried. 

(h) RefertoEO 05-1-1, Pilots Operating Instructions - General, 
Part 1, Chapter l, for standard prohibited manoeuvres . 

Figure 4-1 (Sheet 4 of 5) Load Factor Limits Chart 

CAUTION 
I! accelerome t er indicates over 7. 33G 
during fl ight, the aircraft should be 
inspected after landing for sig ns of 
s t ructu r al .:iamas;:c . 

MAX ALLOWABLE AIRSPEED ACCELEROMETER 

Figure 4-1 (Sheet 5 of 5) Load Factor Limits Chart 

WEIGHT AND BALANCE DATA 
General 

(a) Check take -off and anticipated landing 
gross weight and balance. 

2 

NOTE 

Refer to Weight and Balance Data, EO 
05-SC -8, for loading information. 

Proceed as fo llows: 

(b) Make sure weight and balance clearance 
is satisfactory. If no guns or ammunition are 
installed be sure proper ballast is installed. 

(c) Make 
armament, 

sure total weight of fuel, oil, 
oxygen and special equipment 

RESTRICTED 
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PAR T 4 

carried is suited to the mission to b e per­

formed. 

s pe ed (CAS) is considered equal to indicated 
airspeed (IAS). A Compressibility Correction 
Table (see figure 4-2) is provided for computing 
equivalent airspeed (EAS) from calibrated air­
s peed (CAS). An Airspeed Conversion Graph 
(see figure 4-3) is also included to assist the 
pilot in obtaining the approximate true airspeed 
(TAS). 

AIRSPEED CORRECTION TABLES 
General 
3 Airspeedinstallationerrorisvery minor 
and may be considered negligible with aircraft 
in any configuration, therefore calibrated a ir-

COMPRESSIBILITY CORRECTION TABLE 

PRESSURE 
ALTITUDE 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 · 

35,000 

40,000 

600 

5 z 500 
::at 
I 

0 ... ... 
a. 
x:! 400 
:c 
0 ... s 
1111 300 
~ u 

200 
/. 

150 

0 

0 

1 

1 

2 

2 

3 

4 

SUBTRACT CORRECTION FROM CALIBRATED 
AIRSPEED TO OBTAIN TRUE INDICATED AIRSPEED 

CAS-KNOTS 
200 250 300 350 400 450 

0 1 2 2 3 5 

1 2 3 5 7 10 

2 3 5 8 12 16 

3 5 8 12 17 23 

4 7 11 17 24 32 

5 9 15 23 32 

7 12 20 29 

9 16 25 

Figur e 4-2 C ompress ibility Correction Table 

I .) 

LJ' • 
1.;1 • 

L, • I 17 
A I.JI' ,, 

I/ ;J i,, r~ 
LIL, :: 1.- V ... -1.;1;, ,, V L.,,~-; 

LI LI I~,, I'! v. I; 

1/V 1.- ., ,,f V' ~v ,, 

. ' 
0 5000 10 000 15 000 

LI VI V ~ 

I/ ' V y I.J ,, 
LI ~ V / I f ~ 

I.A V' V I V r,... 
1./ I V V ,r .-1 ~ 

/ , ,, )" ir I L;' 

L i, • ,.. ,, 
I/ --~ ,,(j v 

r; . I' • . ' L, L, I!, ,!..""' I_," 
·, 1., i;., :,4 1., . Y" 
J ., ., ii V IV ,, L, 

I.J' V ',, "' IA V 

,, ,, I I_, ,, ,,VI Y" 
I~ .... I.J 1 ... L L,, 

"' 
., ,, .. I,, l v" 

:. ~ ,,, , i. L, 

V V ..... I L-" I v 
. ,, L.J. '-" 

L, ... 11 .... ;1 .... 1.2·MACH NU 
I,, _...., 

1. ... ·1.1 

20,000 

25,000 

t:; 
30,000 ~ 

I 
35,000 ~ 

::, ... 
40,000 !S 

c( 

45,000 

50,000 

MBER 

1/1." v..i,, ., 1 ..... I/ I, V ·(.'; I/, l."V ;,, ,, JV L; ,, ~ -
/, ,, ..., ,, IV ., .,,,. 

0.9 
,, L-"I,, .,,,, ... 

500 550 600 

6 8 10 

13 17 21 

21 27 

31 

TO USE CHART: 
Enter with CAS Q, move 

horizontally to altitude Q 
to find Mach No. 

To find TAS, drop to 
vertical index scale of 
graph Q . 

TAS values from the 
graph are correct only on 
an NACA standard day. 
Otherwise TAS values will 
tend to be conservative 
when true free air temper­
ature is higher than stand­
a rd, and optimistic when 
true free air temperature is 
lower than standard. 

EXAMPLE: 
7~ '., ~ ,;...,. "i, .. I,; .... .... -o.s -. , On an NACA standard 

day, 330 knots CAS at 25,000 
feet is.SZ Mach No. and 
470 knots T AS. 

i/ ~ ;,::, I, I,; ,"0.1 
GI~ ~ r;,.- ""L,, L.,,, l-1 ... t::~.6 

~ r;,, . ,, ... I, L. 0.5 
100 200 300 400 500 600 700 800 

TRUE AIRSPEED-KNOTS 

F igure 4-3 Airspeed Conversion Graph for NACA Standard Day 
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WADC 

F o rm 241G 

( 11 J.in II) 

MODEL: F - 86E 

CONFIGURATION -5 DEGREES CENTIGRADE 

AND PRESSURE 

GROSS ALTITUDE 1U0 W INO 30-ICNOT WIND 

WEIGHT GROUND TO CLEAR GROUND TO CLEA.It 
RUN so FT oesr. RUN SO FT 08ST. 

TWO 167 IMP . SL 2Ml0 3UOO 1450 2400 

(200 U.S.) 1000 2750 4200 1600 2600 

GAL. TANKS 2000 3000 4500 1750 2800 

17 , 700 
3000 3300 4800 1950 3000 

POUNDS 
,ooo 3600 5100 2150 3300 

5000 suoo 5000 2400 3700 

SL 2300 3600 1300 2200 

16 l 000 2500 3800 1450 2400 
ROCKE TS 

16,900 2000 2700 4100 1550 2550 
POUNDS 

3000 2900 4400 1700 2750 

,ooo 3200 4700 1900 3000 

5000 3500 5100 2150 3300 

TWO 100 IMP. SL 2150 3400 1200 2100 
(120 U .s.) 

1000 2350 3700 1350 2250 
GAL . TANKS 

16,400 2000 2550 3900 1450 2400 

POUNDS 3000 2750 4200 1600 2600 

4000 3000 4500 1750 2800 

5000 3300 4800 1900 3000 

SL 1650 2750 900 1650 

CLEAN 1000 1800 2950 1000 1800 

14,600 2000 1950 3100 1100 1950 
POUNDS ·--· 

3000 2100 3400 1200 2050 

4000 2300 3600 1300 2200 

5000 2600 4000 1400 2350 

REMARKS, Toke -off distances ore aircraft reqvi1emenh 
vnde, normal service conditions. 

I. Take -off with full flaps and 100'{,rpm . 
2. Chart values based on normal take~off technique. 
3 . Red dat• ts estimated only . 

DATA AS OF 3 - 25-52 
BASED ON FLIGHT TEST A;,I, ESTI MA T ED 0 /,Th 

TAKE-OFF DISTANCES 
(FEn) 

HARD-SURFACE RUNWAY 

ENGINE (S): (1) J47-GE-13 

+ 15 DEGREES CENTIGRADE + 35 DEGREES CENTIGRADE + 55 DEGREES CENTIGRADE 

ZERO WINO JO.KNOT W INO ZERO WINO JO.KNOT WINO ZERO WINO JO.KNOT WINO 

GROUND TO ClEAR GROUND TO CLEAR GROUND TO CLEAR GROUND TO ClEAR GROUND TO CLEAR GROUND TOClUR 
RUN 50 FT 08ST. RUN 50 FT OBST. RUN .SO FT OBST. RUN .SO FT 08ST. RUN SO FT 0 8ST. RUN 50 FT 08ST. 

3200 4700 1850 2950 4200 5900 2550 3800 6600 7700 3500 5100 

3500 5100 2050 3200 4600 6400 2850 4200 6!00 34 00 3900 5700 

3800 5500 2300 3600 5000 7000 3200 4600 6700 9300 4300 8300 

4200 5900 2550 3900 5500 7600 3500 5100 7300 10, 200 4700 7100 

4600 6400 2850 4200 6000 8300 3800 5600 8000 11, 400 5200 8000 

5000 7000 3200 4600 6600 9100 4200 6200 8800 12 , 700 5800 8900 

2850 4300 1650 2650 3800 5400 2250 3500 5000 6900 3100 4500 

3200 4600 1850 2900 4200 5900 2500 3800 5400 7500 3400 5000 

3500 5000 2100 3200 4600 6400 2800 4200 5900 8200 3800 5500 
-- -

3800 5400 2300 3500 5000 6900 3100 4500 6500 9000 4200 6000 

4200 5900 2550 3800 5500 7500 3500 5000 7100 9900 4600 6700 

4500 6300 2800 41 00 6000 8200 3900 5500 7900 11,200 5200 7700 

2750 41 00 1600 2550 3600 5100 2100 3300 4700 6500 2800 4200 

2950 4400 1700 2700 3900 5600 2450 3600 5100 7100 3300 4700 

3200 4700 1900 2950 4300 6000 2600 3900 5600 7700 3500 5200 

3500 5100 2100 3200 4700 6500 2900 4200 6100 8500 ·3900 5600 

3900 5500 2450 3600 5100 7100 3200 4600 6800 9300 4400 6300 

4300 6000 2650 3900 5700 7700 3400 5000 7500 10,300 4800 7000 

2100 3300 1150 2000 2650 4000 1500 2450 3500 5000 2100 3200 
--

2250 3500 1300 2150 2900 4300 1700 2650 3800 5400 2250 3400 

2450 3800 1400 2300 3300 4700 1900 3000 4200 5900 2450 3700 

2650 4000 1500 2450 3500 5000 2050 3200 4600 6400 2700 4100 
-

2850 4300 1700 2700 3800 5400 2300 3500 5000 6900 3000 4500 

3200 4700 2000 2950 4200 5900 2550 3800 5500 7600 3400 5000 

FUEL GRADE, 
172-93-1207 B FUEL DENSITY: BASED ON ANY FUEL 

"{j 

~ 
~ 
o-,J 

>I>-

M~ 
0~ 
0 o-,J 
U1 ~ 
I H 

U1 (') 
(') o-,J 

'M 
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PART 4 

NOTE 

Indicated airspeed (IAS) is the airspeed 
indicator reading. Calibrated airspeed 
(CAS) is indicated airspeed (IAS) cor­
rected for installation error. Equivalent 
airspeed (EAS) is calibrated airspeed 
(CAS) corrected for compressibility 
error. True airspeed (TAS) is equivalent 
airspeed corrected for atmospheric den­
sity. 

Sample Problem 
4 For purposes of explaining the use of the 
Compressibility Correction Table, consider an 
aircraft flying at 20 ,000 feet with a true free 
air temperature of -29°C, and an airspeed 
indicator reading of 393 knots. The value of 
393 knots is also the calibrated airspeed (CAS) 
as installation error is negligible in any con­
figuration. Use CAS and true free air temper­
ature with a type D-4 or Type G-1 airspeed 
computer to determine true airspeed (TAS) of 
512 knots. When using the dead -reckoning 

computer (TypeAN58 35 -l), the CAS (393 knots) 
must be corrected for compressibility. The 
Compressibility Correction Table shows that 
17 knots must be subtracted from CAS (393 
knots) to obtain equivalent airspeed (376 knots). 
Use the dead-reckonin8 computer and the value 
of 376 knots and - 29 C to determine the true 

airspeed of 512 knots. 

FLIGHT PLANNING 
General 
5 A series of charts on the following pages 
pre sen ts performa nce of the aircraft. Fuel 
quantities are given in pounds so that the charts 
can be used with 3-GP-22a, 3 -GP-2 3a or 
3 -GP-25b fuel (MIL-F-5624A; MIL - F-5616; 
MIL-F-5572A, grade 100/1 30 ). Conversion 
factors for the three fuels are given at the 
bottom of each chart. All charts except the 
Take -off and Landing Distance Charts are based 
on operation in NACA standard atmosphere; 
however, Flight Operation Instruction Charts 
are applicable in non-standard atmosphere if 
the recommended CAS values are maintained. 
Range marking is shown in figure 4-1. 

Take-off Chart 
6 Ground run distances, for obstruction­
free take -off and to clear a 50 ft. obstacle, are 
tabulated in figure 4-4. Distances are given 
for zer o wind, a 30 knot wind, various ground 
temperatures and a dry, hard surface runway. 

The charted distances contain estimated and 
flight-tested data. 

Climb Chart 
7 From the Climb Chart (see figure 4-5) 
and the Military Power Climb Chart (see figure 
4-6) can be determined the be st climb speed, 
fuel consumed, time to climb, distance covered, 
and rate of climb for either maximum contin ­
uous thrust or military thrust. A fuel allowance 
for warm-up and take -off is listed at sea level. 
Fuel requirements at other altitudes include 
this allowance plus the fuel needed to climb from 
sea level. Fuel required for an inflight climb 
from one altitude to another is the difference 
of the tabulated fuel required to climb to each 
altitude from sea level. Time and distance 
covered during an inflight climb may be obtained 

in the same manner. The Formation Climb 
Chart (see figure 4-7) should be used for form­
ation climbs only. 

Desc e nt Chart 
8 The descent chart (see figure 4-8) is 
based on airspeed corresponding to approxi­
mately Mach. 5for descents with speed brakes 
in and approximately Mach . 6 to . 8 with speed 
brakes out. 

Landing Chart 
9 Figure 4-9 shows landing distances, both 
ground run and total to clear 50-foot obstacle, 
for landings with speed brakes open. A per­
centage increase noted on the chart may be 
applied to estimate the additional distance 
required for landings with speed brakes closed. 
A dry hard-surface runway and no wind are the 
only landing conditions cons ide red . The ta bu -
lated distances are 125 percent of the distance 
obtainable in high-performance landings. 

Combat Allowance Chart. 
10 The Combat Allowance Chart (see figure' 
4 -1 0) presents fuel flow at military thrust and 
at maximum continuous thrust. 

Maximum Endurance Chart 
11 The Maximum Endurance Chart, (figure 
4-11), gives the best rpm and airspeed to use 
in obtaining the lowest possible fuel consump­
tion. 

Maximum Range Summary Chart 
12 The maximum range summary chart, 
figure 4-12, summarises the cruising operating 
procedures for ze ro wind condition entered on 
the Flight Operation Instruction Chart. 
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WADC 

Form Z41J 
( 11 J un 51) 

MODEL, F-86E 

RESTRICTED 
EO 05-5C-l 

NORMAL POWER CLIMB CHART 

STANDARD DAY 
93'l, RPM 

ENGINE(S), (1) 147-GE-13 

CONFIGURATION, TWO 167 IMPERIAL (200 U.S. ) GALLON DROP TANKS CONFIGURATION, TWO 167 IMPERIAL (200 U S. ) GALLON DROP TANKS 

GROSS WEIGHT, 1 7, 700 POUNDS GROSS WEIGHT, 14, 700 POUNDS 

APPROXIMATE APPROXIMATE 
PRESSURE 

UOM SEA LEVEL CAS ALTITUDE CAS FIOM SEA LEVEL 
RATE Of (KNOTS1 (KNOTS) IATE Of 

CUMI (FEET) CUM& 
DISTANCE TIME FUEL FUEL ""' DISTANCE 

2300 0 0 200 (5) 340 SEA LEVEL 335 zoo C5l 0 0 2900 

1900 15 2. 5 420 325 5,000 320 370 2 10 2500 

1500 30 5. 5 680 305 10,000 305 550 4 20 2100 

1100 50 9 . 0 940 285 15,000 285 750 6. 5 40 1600 

800 85 14. 0 1280 '1A!li 20,000 270 980 10. 0 80 1200 

400 135 23 . 0 1790 245 25,000 250 1260 15. 0 90 800 

30,000 230 1690 24 . 0 140 400 

35,000 

40,000 

,45,000 

CONFIGURATION, 16 ROCKETS CONFIGURATION, TWO 100 IMPERIAL (120 U.S.) GALLON DROP TANKS 

GROSS WEIGHT, 16, 900 POUNDS GROSS WEIGHT, 16 , 400 POUNDS 

APPROXIMATE APPROXIMATE 
PRESSURE 

FROM SEA LEVEL CAS ALTITUDE CAS FROM SEA LEVEL 
RATE OF (KNOTS) (l:NOTS) RATE Of 

CUMI 
DISTANCE ,,,.. FUEL 

(FEET) 
FUR TIME DISTANCE 

CLIM& 

200 
{5) SEA LEVEL 

{5) 
2200 0 0 280 330 200 0 0 3000 

1800 10 2. 5 420 265 5,000 310 380 2. 0 10 2600 

1400 25 5. 5 660 250 10,000 295 530 4 . 0 20 2100 

1100 45 9. 5 940 240 15,000 280 720 6. 5 35 1800 

700 75 15. 0 1300 225 20,000 260 940 10. 0 80 1200 

300 130 26. 0 1850 215 25,000 245 1220 15. 0 85 800 

30,000 .225 1630 24. 0 140 400 

35,000 

«l,000 

.C.S,000 

REMARKS, lEG£NO 

l Divide pounds by 8. 15 to obta i n gallons of 3-GP-Z3A (MJL-F -56 16) fuel. RATE OF CLIMB - FEET PER MINUTE 
2 Divide pounds by 7. 8 lo obtain gallons of 3-GP-22 {MIL-F -5624 ) fuel. DISTANCE - NAUTICAL MILES 
3 Divide pounds by 7 . 8 to obtain gallons ol 3-GP-ZZA (MJL-F-56Z4A} fuel. TIME - MINUTES 

• Divide pounds by 7.Z to obtain gallons of 3-GP-Z5A (MIL-F-5572 } 100/130 grade . FUEL - POUNDS 
s Warm-up a.nd t.ake-oU a.Uowance. CAS - CALIBRATED 
6 Multiply nautical units by 1. 15 to obtain •t.atute units . AIRSPEED IN KNOTS 
7 Red dau. is estii:n.at ed only (Ai rplane s 19453 a.nd subsequent) . 

DATA AS Of 8-23 - 51 FUELGIIADE, 
&ASED ON FLIGHT TEST AND ESTIMATED DATA 172-93-1208 C FUEt DENSITY, ANY FUEL LISTED IN REMARKS 

Figure 4-5 (Sheet 1 of 2) Climb Chart 
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PART 4 

Form UIJ NORMAL POWER CLIMB CHART ( l l J"" !I) 

STANDARD DAY 
93% RPM 

MODEL, F-86E ENGINE(S), (I) 147-GE-13 

CONFIGURATION, CLEAN CUNFlGURATION, TWO 100 IMPERIAL ( 120 U S.) GALLON IJROP TANKS 

GROSS WEIGHT, 14, 600 POUNDS GROSS WEIGHT, 14 , 600 POUNDS 

APPROXIMATE APPROXIMATE 
PRESSURE 

FROM SU lf't"fl CAS ALTITUDE CAS ftOM SEA LEVEL u.n: o, (KNOTS) (KNOTS) U .TE OF 
CUMI CllMI 

DISTANCE TIME FUEL 
(FEET') 

FUEl TIME DISTANCE 

\0/ SEA LEVEL 
\5) 

4200 0 0 200 355 325 200 0 0 3500 

3600 5 I. 5 320 340 5,000 305 340 1. 5 10 3000 

3100 15 3 . 5 440 325 10,000 295 480 3 . 5 20 2500 

2500 30 4, 5 570 310 15,000 275 630 5. 5 30 2000 -
2000 40 7. 0 700 295 20,000 260 810 8. 5 50 1500 

1600 60 10. 0 870 280 25,000 245 1020 12. 0 70 1100 

1100 90 14 . 0 1050 265 30,000 225 1290 18 . 0 105 600 

600 130 20.0 1290 245 35,000 210 1750 30 . 0 175 200 

100 235 35. 0 1770 225 ,1(),000 

~5.000 

CONFIGURATION, CONFIGURATION, 

GROSS WEIGHT, GROSS WEIGHT, 

APPROXIMATE APPROXIMATE 
PRESSURE 

FROM SU LEVEL CAS ALTITUDE CAS ,.OM SU. LEVEL 
IATf: 01- (KNOTS) (KNOTS) IATE OF 

CLIMI 
DISTANCE TIM( FUEL 

(FEET) 
FUEL TIME DISTANCE 

CUMI 

SEA LEVEL 

5,000 

10,000 

15,000 

20,000 

25,000 
·-

30,000 

" ·000 

~.000 

45,000 

REMARICS, LEGEND 

I Divide pounds by 8 . 15 to obta i n gallons of 3-GP - 23A (MIL-F-56 16) fuel. RATE OF CLIMB - FEET PER MINUTE 
z Divide pound• by 7 . 8 to obtain gallons of 3-GP-ZZ (MIL-F-S624 ) fuel. DISTANCE - NAUTICAL MILES 
3 Divide pounds by 7 .8 to obtain gallons of 3-GP-ZZA (MJL-F-5624A) fuel. TIME - MINUTES 
4 Di vide pounds by 7 .2 to obtain gallons of 3-GP-ZSA (MIL-F-SS72) 100/130 grade. FUEL - POUNDS 
s Warm-up and ta.ke:-oU allowance:. CAS - CALIBRATED AIRSPEED 
6 Multiply nautical units by 1. IS to obtain atatute: units. IN KNOTS 

DATA AS Of 8-23-51 FUEL GIADE, 
IASEDON FLIGHT TEST 172-93-1567 B FUEL DENSITY, ANY FUEL LISTED IN REMARKS 

Figure 4-5 (Sheet 2 of 2) Climb Chart 
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( 11 Jun 51) 

MODEL, F-86E 

RESTRICTED 
EO 05-SC-l 

MILITARY POWER CLIMB CHART 

STANDARD DAY 
100\{, RPM 

ENGINE(S), (1) 147-GE-13 

CONFIGURATION, TWO I 67 IMPERIAL (200 U S.) GALLON DROP TANKS CONFIGUR.ATION: TWO 167 IMPERIAL {200 U S.) GALLON DROP TANKS 

GROSS WEIGHT, 17, 700 POUNDS GROSS WEIGHT, 14 , 700 POUNDS 

APPROXIMATE APPROX I MATE 

CAS 
PRESSURE 

CAS FltOM SU lfVfl ALTITUDE FROM SU LEVEL 
U.TE OF (KNOTS) (KNOTS} MTI Of-

CllMI 
DISTANCE TIME FUEL 

(FEET) 
FUEL TIME DISTANCE 

Cl-

\5/ SEA LEVEL 
(5) 

4200 0 0 200 400 400 200 0 0 5200 

3700 10 1.0 370 375 5,000 375 330 1.0 5 4700 

3200 20 2 . 5 540 350 10,000 350 470 z.o 15 4100 

2700 30 4 . 5 710 325 15,000 325 610 3 . 5 25 3500 

2200 45 6 . 5 890 300 20,000 300 750 5. 0 35 2900 

1100 60 9 . 0 1080 275 25,000 280 890 7 . 0 45 2300 

1100 85 12. 5 1300 255 30,000 255 1050 9 . 5 65 1700 

600 125 18. 5 1600 235 35,000 230 1240 13.0 85 1100 

,40,000 205 1670 23 . 5 155 200 

45,000 

CONFIGURATION, 16 ROCKETS CONFIGURATION, TWO 100 IMPERIAL (120 U.S.) GALLON DROP TANKS 

GROSS WEIGHT, 16, 900 POUNDS GROSS WEIGHT, 16, 400 POUNDS 

APPROXIMATE APPRO XI MATE 
PRESSURE 

CAS FROM SEA LEVEL CAS 
ALTITUDE FROM SEA LEVEL 

RATE OF (KNOTS) (KNOTS) IATE Of 
CllM8 (FEET) 

DISTANCE 
CllMI 

DISTANCE TIME FUEL FUEL TIME 

\0 , 
SEA LEVEL 

\5/ 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

,40,000 

45,000 

REMARKS, LEGEND 

I Divide pounds by 8 . 15 to obtain gallons of 3 - GP-23A (MJL -F-5616) fuel. RATE OF CLIMB - FEET PER MINUTE 
2 Divide pounds by 7. 8 to obtain gallons of 3-GP-ZZ (MIL-F-5 624) fuel. DISTANCE - NAUTICAL MILES 
3 Divide pounds by 7. 8 to obtain gallons of 3-GP-ZZA (MJL-F - 5624A) £uel. TIME - MINUTES 
4 Divide pounds by 7. 2 to obtain gallons of 3-GP-ZSA {MIL-F-5572) 100/ 130 grade. FUEL - POUNDS 
5 Warm-up and lake-of! allowance. CAS - CALIBRATED AlltSPEED 
6 Multiply nautical units by l. 15 to obta in sta tute units . IN KNOTS 
7 Red data is es t imated only (Airplanes 19453 and subsequent ). 

DATA AS OF 12-17-51 FUEL GRADE, 
BASED ON FLIGHT TEST AliD BSTOIATED DATA 172-93-!209D FUEL DENSITY, ANY FUEL LISTED IN REMARKS 

F igure 4-6 (Sheet 1 of 2) Military Power Climb Chart 
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WADC 

Form UIJ 

( 11 J w, SI ) 

MODEl , F -86E 

RESTRICT ED 
E O 0 5 - 5C- l 

MILITARY POWER CLIMB CHART 

STANDARD DAY 
100% RPM 

ENGINE(S), (1) 147-GE-13 

P A RT 4 

CONFIGURATION , CLEAN CONFIG U RATION ; TWO 100 IMPERIAL ( 120 U S.) GALLON DROP TANKS 

GROSS WEIGHT, 14, 600 POUNDS GROSS WEIGHT, 14,600 POUNDS 

A PPROXIM A T E A P PP OXIMATE 

CAS 
PRESSURE CAS 

FROM SEA l EVEL AlTITUDE FROM SEA l EVEl 
IATE OF (KNOTS) (K NOTS) IATE OF 

CltMI 
DISTANCE TIME 

(FEET) 
FUEL FUEl TIME DISTANCE 

CllMI 

7100 0 0 200 (5) 430 SEA LEVEL 400 200 \~J 0 0 5900 

6200 5 I. 0 300 410 5,000 375 320 1. 0 5 5200 

5400 10 I. 5 390 390 10,000 350 430 2. 0 15 4600 

4700 20 2. 5 490 365 15,000 330 550 3 . 0 20 3900 
-

3900 30 3. 5 590 340 20,000 310 670 4. 5 30 3300 

3200 40 5. 0 690 320 25,000 290 790 6. 0 40 2600 

2500 50 7. 0 790 295 30,000 270 920 8. 5 55 1900 

1800 70 9 . 0 910 270 35.000 250 1080 12. 0 80 1200 

900 100 13. 0 1070 240 40,000 230 1320 18. 0 120 500 

45,000 

CONFIGURATION, CONFIGURATION, 

GROSS WEIGHT, GROSS WEIGHT, 

APP RO XIMATE A PP ROXI M ATE 

CAS 
PRESSURE 

CAS FIIOM SU. LEVEL AlTITUDE FROM SEA lEVEl 
RATE OF (KNOTS) (KNOTS) UTE Of 

CllMI (FEETJ CllMI 
DIST ANC E TIME FUEL FUEl TIME DISTANCE 

SEA LEVEL 

5,000 

10,000 -- - ·- · - -
15,000 

--
;10,000 

25,000 
·-

30,000 

35,000 

40,000 
~ - -

45,000 

REMA RKS, LEGEND 

I Div ide pounds by 8, 15 to obta in gallon& of 3 -GP-23A (MIL-F - 561 6 ) fue l. RAT E OF CLIM B - FEET PER MINUTE 
2 Divi d e pounds by 7. 8 to obtain gallons of 3-GP - 22 (MIL-F-5 624) fu e l. DISTANCE - NAUTICAL MILES 
3 Divide pound s by 7. 8 to obta in gallons of 3 - GP - 2ZA (MJL-F-5 624 A ) fue l. TIME - MINUTES 
4 Divide pounds by 7 , 2 to obta in gallons of 3 -GP- 2.SA ( MlL-F-5572 ) 100/130 grade. FUEL - POUNDS 
5 Warm-up and take -o(( a llowance. CAS - CALIBRATED AIRSPEED IN KNOTS 
6 Multiply nautical units by I. 15 to obtain 1tatute units. 

DATA AS OF 8-23 -5 1 FUEL GRADE, 
BASED ON FLIGHT T EST 172-93-1277 C FUEL DENSII Y, ANY FUEL LISTED IN REMARK S 

F igur e 4 - 6 (Shee t 2 of 2 ) Milita r y Power C lim b C h a r t 
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PART 4 

WADC 

Form 241J 
( 11 Jun 51) 

MODEL, F- 86E 

CONFIGI./RA TION, NO EXTERNAL LOAD 

GROSS WEIGHT, 14 , 600 LB 

APPROXIMATE 

FIOM SU. l fVEl 
U.TE 0, 

CUM.I 
DISTANCE TIME 

5500 0 0 

5000 5 I 

4400 15 2 

3800 25 3. 5 

3300 35 4 . 5 

2800 45 6. 5 

2200 60 8. 5 

1600 80 11 

550 115 16 

CONFIGURATION, 

GROSS WEIGHT, 

APPROXIMATE 

u.n Of 
FROM SU tEVEL 

CllMI 
DISTANCE TIME 

REMARKS 

RESTRICTED 
E005-5C-l 

FORMATION POWER CLIMB CHART 

STANDARD DAY 

97% RPM 

ENGINE(S), 147- GE-13 

CONFIGURATION, TWO 100 IMPERIAL (120 US ) GAL DROP TANKS 

GROSS WEIGHT, 16,400 LB 

APPROXIMATE 
PRESSURE 

CAS ALTITUDE CAS FIOM SEA lfVEl 
(KNOTS) (KNOTS) 

FUEL 
(FEET) 

FUEL TIME DISTANCE 

200 (5) 430 SEA LEVEL 375 200 l 5) 0 0 

310 405 5,000 350 340 1.5 5 

410 380 10,000 330 480 3 15 

520 360 15,000 310 620 4. 5 25 

620 335 20,000 290 760 6 40 

720 31 5 25,000 270 910 9 55 

830 295 30,000 250 1070 12 75 

960 270 35,000 230 1290 17 110 

1130 240 40,000 

'5.000 

CONFIGURATION, 

GROSS WEIGHT, 

APPROXIMATE 
PRESSURE 

CAS ALTITUDE CAS FIOM SEA lfVfl 
(KNOTS) (KNOTS) 

FUEL 
(FEET) 

FUEL TIME DISTANCE 

SEA LEVEL 

5,000 

10,000 

15,000 

.10,000 

25,000 

30,000 

35,000 

«>.000 

'5,000 

LEGEND 

U.TE Of 
CllMI 

4200 

3700 

3300 

2800 

2400 

1900 

1300 

700 

I.A.TE OF 
CllMI 

1 Divide pounds by 8. 15 to obtain gallons of 3 - GP-23A (MIL- F - 56l6) fuel. RATE OF CLIMB • FEET PER MINUTE 
2 Divide pounds by 7. 8 to obtain gallons o f 3 -GP - 22 {M IL- F - 5624 ) fuel. 

DISTANCE · NAUTICAL MILES 
J Divide pounds by 7. 8 to obtain gallons of 3 -G P - ZZA (MIL -F- 5624 A) fuel. 

TIME • MINUTES • Divide po unds by 7. 2 to obtain ga ll ons o f 3 -GP- ZS A ( MIL -F- 5572 ) fuel. 
FUEL • POUNDS s Warm-up a nd take - o ff a llowance . 
CAS • CALIBRATEO AIRSPEED b Mult i ply na utical uni ts by 1. 15 to obtai n statute units. 

DATA AS Of 8-23-51 FUEL GRADE, 
BASED ON FLIGIIT TEST 170-93-1170A FUEL DENSITY, Based on any fuel listed in remarks . 

Figure 4-7 Formation Climb Chart 
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WADC 
Form 2410 
( 11 Jun 51 ) 

MODEL, F - 86E 

CONFIGURATION, WITH OR WITHOUT DROP TANKS 
SPEED BRAKES CLOSED 

GROSS WEIGHT, 12, 000 POUNDS 

APPROXIMATE 

TO SEA lfVfl 
lATf Of 
OE"SCENT 

DtSTANCf TIM( FUfl 

2,500 45 9.0 160 

3, 000 35 7. 0 130 

3,500 25 5. 5 105 

4,000 20 4.0 80 

5, 000 15 3.0 60 

6, 500 10 2. 0 45 

7,500 10 1. 5 35 

9,000 5 1.0 20 

10, 000 5 o. 5 10 

0 0 0 0 

CONFIGURATION, 

GROSS WEIGHT: 

APPROXIMATE 

U.TE Of 
TO SEA LEVEL 

DESCENT 
DISTANCE TIME FUEL 

REMARKS: 
1. Speed brakes open - maintain 40 psi fuel pressure . 
2. For maximum range without power, descend at 185 

knots CAS with speed brakes closed. 

DATA AS OF 
BASED ON FLIGHT TEST 

RESTRICTED 
EO 05-SC-l 

DESCENT CHART 

STANDARD DAY 

PART 4 

ENGINE(S), (1) 1'7-GE-13 

CONFIGURATION, WITH OR WITHOUT DROP TANKS 
SPEED BRAKES OPEN 

PRESSURE 
GROSS WEIGHT, 13,000 POUNDS 

ALTITUDE 
(ffETJ ArrROXIMAH 

CAS CAS 
(KNOTS) !KNOTS) TO SEA lMl 

IATf OJI 
DfSCENT 

FUR TIME DtSTANCf 

140 '5,000 160 40 3. 5 18 13,000 

155 .j(),000 180 35 3.0 16 14,000 

175 " ·000 210 30 2. 5 14 15,000 

190 30.000 270 25 2.0 12 16,000 

210 25,000 320 25 1.5 10 17,000 

225 20,000 370 20 1. 0 8 18,000 

245 15.000 390 15 l. 0 6 19,000 

260 10,000 400 10 0 . 5 4 17,500 

280 5,000 410 5 0 . 5 2 15,000 

295 SEA LEVEL 420 0 0 0 0 

CONFIGURATION, 

PRESSURE 
GROSS WEIGHT, 

ALTITUDE 
(fEET I APPROXIMATE 

CAS CAS 
(KNOTS) (KNOTS) TO SEA lfVfl 

1.4.TE Of 
DHCENT 

FUf.l TIME OISTANC! 

'5,000 
--

.j(),000 

35,000 

30,000 

25,000 

20.000 

15,000 

10,000 

5,000 

SEA LEVEL 

LEGEND 

RATE OF DESCENT - FEET PER MINUTE 
DISTANCE - NAUTICAL MILES 
TIME - MINUTES 
FUEL - POUNDS 
CAS - CALIBRATED AIRSPEED 

172-93-12130 

F igure 4-8 Descent Chart 
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PART 4 RESTRICTED 
E005-5C-l 

Maximum Continuous Power Chart 
13 Air speeds and fuel flow rates in level 
flight at maximum continuous power (norma l 
rated power) are shown for different gross 
weights and altitudes in the Maximum Contin­
uous Power Chart, figure 4-13. 

FLIGHT OPERATION INSTRUCTION CHARTS 
General 

14 The Flight Operation Instruction Charts 
(figures 4-12 to 4-19) are provided to facilitate 
flight planning. They show the range of the 
aircraft at maximum range airspeeds, and the 
procedure required to obtain this range . The 
charts contain columns for each 5000 - foot 
increase in altitude up to the maximum altitude 
at whjch 93% rpm operation is possibl e . On 
line opposite availa ble fuel in the upper h alf of 
the chart, ranges are shown for each initial 
altitude . In general, two range values are 
quoted for each altitude and fuel quantity. One 
is for continued flight at the initial altitude a nd 
one is for the maximum range obtaina ble by 
climbing to a highe r altitude. The cha rted 
ranges do not include fuel consumed a nd di s -
tance covered during warm-up, take -off, and 
initial climb at the start of a flight. Howe ver, 

: 
WADC LANDING Form 241Q 

fuel u se d and distance c ove red during letdown 
or during in-flight climb to an optimum altitude 
are taken into acc ount. No allowances are made 
for navigational errors, combat, formation 
flight, landing or other contingencies. Such 
allowances must b e made as required . 

15 The lower half of each chart presents 
operating procedure to obtain the ranges quoted 
in the upper half. When altitude is changed, 
operating instructions in the column according 
to the new altitude must be used if the ranges 
listed are to b e obtained. 

16 Under differ e nt wind conditions, ranges 
(in ground miles) ar e va ri e d by th e effec t of 

wind on ground s pee d. L e t down di stances are 
affec t e d for the same reason. Recommended 
CAS also may cha nge in order to maintain the 
most favorable ground miles per pound. To 
facilitate range computation under wind con­
ditions, the operating procedure in the lower 
h alf of e ach c hart contains in st ru c tions for 
var ious w inds a t each altitude listed. Ground 
miles in a wind a r e obtained 'by multiplying 
chart air mile s by the range factor found 
opposite the effective wind a t the c ruising 

DISTANCES 
(11 Iun 51) (f&T) 

STANDARD DAY 

M()[)B., F-36E ZERO WIND ENGINE(S}. (1) 147- GE-13 

BEST CAS FOR 
FINAL APPROACH HARD-SURfACE-NO WIND 

GROSS 
,owe AT 1000 FT AT «m A AT 600D FT 

WEIGHT 
,owe AT SEA l£VB. 

OH Off 
(U) 

GllOUND TO ClfAII GllOUND TO ClfAII GllOUND TOClfAII GllOUND TO ClVJI 
(KNOTS} (KNOTS) IOU ,on oen IOU .sonmsr. IOU .50 n Ol,ST~ IOU :,OfloeSI. 

18000 150 150 ,2900 4600 3000 4900 3200 5100 3400 5300 

16000 14 5 145 2600 4300 2700 4500 2900 4700 3100 4900 

14000 135 135 2200 3900 2400 4000 2500 4200 2700 4400 

12000 I 2 5 I ZS 1900 3500 2000 3600 2200 3800 2300 4000 

LEGEND 
CAS - CAUUATED AJIISl'£fO 
08St - OBSTACLE 

I. L a nding dis t anc,·s arc airc r a rt r equi r e m ent s unde r 

n o rmal service condi t ion. 

l. If speed brakes a r e closed, increase distance 20 per c ent. 
NOTE 

3 . D ec r ease speeds 15 knots at 5 0 f t. obs tacle. FOR ALRCRAFT WITH EXTENDED 

-- LEADING EDGE, ADD 10 K NOTS 
TO ABOVE A P PROACH SPEEDS. 

DATA AS OF 8 - 23-51 
BASED ON FLIGHT TEST 172-93-1214 B 

F igur e 4 -9 L anding D istance Chart 
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altitude. Thus, range factors may be used to 
determine the best altitude for cruising when 
there is a known wind difference at different 
altitudes. 

17 Although a wind maybe from any direction 
with respect to the aircraft course, it may be 
expressed as an effec ti ve wind. An effective 
wind has the same effect on the aircraft ground 
speed as if it we re a straight head wind or tail 
wind, in other words the wind component in the 
d ir ection of the airc raft heading is the effective 
wind. For example, a 100-knot wind at 30 
degrees to th e course is an effective head wind 
of approximately 85 knots. If the a ircraft true 
a irspe ed is 485 knot s the true ground speed is 
approximately 400 knots. 

18 Th e approximate rpm values quoted on 
any one chart are based on the gross weigh t 
equal to the high limit of the chart weight band. 
If the r ec ommended CAS values are maintained, 
the rpm va lues will decrease slightly as the 
gross weight decreases . 

Pre -flight Range Planning 
19 Select the a pplicable Flight Operation 
Instruction Chart. Determine the amount of 
fuel available for flight p l anning. Available 
fuel is equal to the total amount in th e aircraft 
before starting the engine, minus the amount 
needed for warm-up, taxi, take -off, initial 

COMBAT ALLOWANCE CHART 
STANDARD DAY 

MODEL, F-86E ENGINE(S), J47-GE-13 

PRESSURE 
FUEL REQUIRED 

(LB PER MINUTE) 
ALTITUDE MAXIMUM MILITARY POWER 

(fEfT} 
100• .,. .. (,O Nlllf LI M IT) CONTINUOUS POWER ., ... ...... 

SEA LEVEL 140 95 
5,11111 125 85 

10,000 105 80 
15,0IIO 90 70 
20, DOI 80 60 
25,000 65 50 
30,000 55 45 
35.00G 45 40 
40,00G 35 30 
45,000 30 25 
50,00I 

REMARKS, 
I DIVIDE PM BY 8. 15 TO OBTAIN GPM OF 3GP23 (JP-I) FUEL. 
2 DIVIDE PMBY7 .8 TO OBTAIN GPM OF 3GP22 (JP-3) FUEL. 
3 DIVIDE PM BY 7 . 2 TO OBTAIN GPM OF 3GP25 GASOLINE. 
4 MILITARY POWER EXHAUST TEMP. LIMIT 690° C. 
5 MAX. CONTINUOUS POWER EXHAUST TEMP. LIMIT 655° C. 

DATA AS OF 8-21-51 BASED ON FLIGHT TEST. 

F igure 4-10 Combat Allowance Chart 

climb, andnecessaryreserves . Selectafi gu re 
in the fuel column equal to, or less than, the 
amount available for flight planning. Interpolate 
if ne c e s s a ry. 

20 To determine maximum range at a given 
altitude, mo ve horizontally right or left to the 
d es ired altitude column. Multiply the r ange 
value thus obtained by the correct range factor 
and add the distance cove red in initial climb to 
obtain total r a nge with a given wind at altitude. 
Fly acco rdin g to the instructions in the lower 
h a lf o f the chart. 

2 1 To fly a given distance, determine r ange 
fac tors for the effective winds and altitudes to 
be c onsidered. From the desired distance 
subtract the miles covered in climb. Divide 
the resultant f igure by the range factor to obtain 
miles to be covered in cruise and descent. 
Enter the chart as de scribed in Parag raph 19, 
preceding . M o ve hori z ontally right or left to 
a range figure w hich exceeds the calculated air 
di s tance to be covered in crui se and d e scent. 
Fly according t o the instru ction s for the altitude 
so obtained. 

22 If altitud e, wind or exte rnal load does 
not remain reasonably cons tant, break the flight 
up into several sections and plan each section 
separately. 

In - flight Range Planning 
23 To use the charts in flight, de'termine 
altitude, available fuel and effective wind. 

Available fuel is equal to total fuel l ess neces ­
sary reserves. 

24 Enter the a ppropriate Flight Operation 
Instruction Chart at a fu el quantity equ a l to or 
less than the available fuel. Move hori z ontally 
right or left to the applicabl e altitude column. 

25 From the range s and wind factors li sted, 
determine the altitude at which the flight will 
be continue d. F or continu e d crui s ing at the 
presentalti tude, refer to th e instructions dir­
ectly below. When changing charts , refer to 
cruising instruction s on th e ne w chart at the 
altitude of flight. 

26 To obtain the r a nge shown at optimum 
altitude when flying at a given altitude , climb 
immediately according to the recommended 
climb procedure. For cruising instructions at 
the n ew altitude , refer to the lower h alf of the 
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WADC 

Form 241R 

(II J- 51) 

MODEL F - 86E 

RESTRICTED 
EO 05-SC-l 

MAXIMUM ENDURANCE CHART 

STANDARD DAY 

ENGINE(S), (1) 147-GE-13 

CONFIGURATION, TWO 167 lMPERIA.L (200 U.S.) GALLON DROP TANKS CONflGURA TION, TWO 167 lMPERIA.L (200 U.S. ) GALLON DROP TANKS 

GROSS WEIGHT, 17,700 POUNDS GROSS WEIGHT, 14,700 POUNDS 

APPROXIMATE 
CAS PRESSURE CAS 

APPROXIMATE 
ALTITUDE 

UI/ HR % RPM {ICNOTSJ (fffT) (KNOTS) % tPM UI/HR 

2050 74 220 SEA I.EVB. 200 70 1800 

Oft<ft 7R ,.,,. 5.000 ~- ~· 1•<n 

1900 79 220 
10.000 

200 75 IRIV\ 

1900 81 220 15.000 
200 78 1550 

1950 83 225 20.000 200 80 1550 

1950 86 225 25.000 205 83 1550 

2000 89 235 30.000 205 85 1600 

35.000 210 88 1650 

«>.000 

~ -000 

.S0,000 

CONFIGURATIONJ 6 ROCKETS CONFIGURATION, TWO 100 IMPERIAL (120 U S. ) GALLON DROP TANKS 

GROSS WEIGHT, 16, 900 POUNDS GROSS WEIGHT, 16, 400 POUNDS 

APPROX I MATE CAS PRESSURE CAS APPROXIMATE 
ALTITUDE 

LB / HR % RPM (KNOTS) (FEET ) (KNOTS) % RPM LB/ HR 

1950 73 185 SEA LEVEL 
195 70 1850 

1950 75 185 5,000 195 73 1750 

1950 77 185 10,000 195 75 1700 

1950 81 185 15,000 195 78 1850 

2000 83 185 20,000 195 80 1650 

2050 86 185 25,000 195 83 1850 

2200 90 185 30,000 195 85 1700 

35,000 195 89 1800 

«l,000 

'5,000 

.S0,000 

REMARKS, LEGEND 

I Divide pounds by 8 . 15 lo obtain ga.Jlona of 3-GP-23A (MlL-F-5616) fuel. CAS - CM.IIIATtD AIISPER> .. KNOTS 
2 Divide pounds by 7. 8 lo obtain gallorus of 3-GP-22 (MJL-F-5624) fuel. LIIHI - fUEl CONSUMl'TION 
3 Divide pounds by 7. 8 to obtain pllons ol 3-GP-22A (MlL-F -5624A) fuel. 
4 Di"1de pounda by 7.Z to obtain g;tl.lons of 3-GP-ZSA (MIL-F-5572) fuel. 
5 Red d~ta is estimated only (Airpbnes 19453 ~ aubaequenl) . 

DATA AS OF 8-23 - 51 FUB. GRADE, 
aASED ON FLIGHT TEST AND ESTIKATED DATA 172-93-1211 C FUB. DENSrrY, ANY FUEL LISTED IN REMARKS 

F igure 4-11 (Sheet I of 2) Maximum Endurance Chart 
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RESTRICTED 
EO 05-5C-l 

PART 4 

WADC 

Form24lR MAXIMUM ENDURANCE CHART 
fl I Jun SI) 

STANDARD DAY 

MODEL, F-88E ENGINE(S), (I) 147-GE - 13 

CONFIGUR.,_ TION, CLEAN CONFIGURATION, TWO 100 !MPERIAL:IZO U S.) GALLON DRO P TANKS 

GROSS WEIGHT, 14, 600 POUNDS GROSS WEIGHT, 14 , 600 POUNDS 

APPROXIMATE c ... s PRESSURE c ... s "'PPRO X IMATE 

A LTITUDE 

LI/ HR % RPM (KNOTS) {FEET ! (KNOTS) % RPM LB/ HR 

1750 67 195 SEA LEVEL 195 67 1750 

1800 89 195 5.000 195 d9 1600 

1450 71 195 10,000 195 71 1450 

1400 74 195 15,000 195 74 1400 

13~0 76 195 20,000 195 76 1350 

1300 78 195 25,000 195 78 1300 

1300 81 195 30,000 195 81 1300 

1300 83 195 35,000 195 83 1300 

1400 88 195 .0.000 195 88 1400 

1350 91 190 •5.000 

50,000 

CONF IGURATION , CONFIGURATION, 

GROSS WEIGHT, GROSS WEIGHT, 

.,_PPRO X IM.,_TE c ... s PRE ~SURE c ... s .,_PPRO XI M ATE 
ALTITUDE 

LB ' HR % RPM UCNOTSI (FEET ! (KNOTS) % RPM LB HR 

SU LEVEL 

5,000 
-

10,000 

15,000 

20,ooci 

25,000 

30.000 

35,000 

.0,000 

'5,000 

50,000 

REMARKS, LEGEND 

I Divide pounds by 8 . 1S to obtain gallons of 3 -GP-23A (MIL - F- 56 16) fuel. C.S - CAllBIATED AIRSPEED IN KNOTS 

z Divide po unds by 7 . 8 to obta i n gallons of 3-GP-22 (MIL - F-5624 ) fuel. l l HI - fUfl CONSUMPTION 

3 Divide pounds by 7 . 8 to obtain ga llons of 3-GP - ZZA (M l L-F - 5624A} fuel. 
4 Divide pounds by 7 . 2 to obtain gallons of 3-GP-25A (MIL-F-5 572 ) fuel. 

D.,_TA .,_S Of 8- 23 - 51 FUEL GRADE, 
1.,_SED ON FLIGHT TE~T 172 -93-1569 B FUEL DENSITY, ANY FUE L LISTED IN REMARKS 

Figure 4-11 (Sheet 2 of 2) Maximum Endurance Chart 
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Form 2415 

( 11 Jun 51) 

MODEL, F-86E 

MAXIMUM 

RESTRICTED 
EO 05-5C- l 

RANGE SUMMARY CHART 

STANDARD DAY 

ENGINE(S), (1) 147-GE-13 

CONFIGURATION, TWO 167 IMPERIAL (ZOO U 5 .) GALLON DROP TANKS CONFIGURATION, TWO 167 !MPERIAL(ZOO U . S. ) GA LLON DROP TANKS 

GROSS WEIGHT, 17,700 POUNDS GROSS WEIGHT, 14, 700 POUNDS 

APPROXIMATE PRESSURE APPRO XIMATE 
MACH CAS ALTITUDE CAS MACH 
NO. (KNOTS) (ICNOTS I NO. 

% RPM Ml / LB (FEET) Ml/LB % RPM 

78 . 105 . 42 280 SEA LE VEL 275 . 41 . 111 77 

81 . 116 . 47 285 5,000 285 . 44 . 125 78 

83 . 129 . 51 285 10,000 260 . 48 . 141 80 

85 . 141 . 57 285 15,000 260 . 52 . 156 82 

87 . 154 . 62 280 20,000 280 . 56 . 172 83 

88 . 187 .ee 275 25,000 250 . 61 . 188 85 

91 . 178 . 72 270 30,000 250 . 67 . 202 87 

35,000 240 . 72 . 214 go 

40,000 

45,000 

50,000 

CONFIGURATION, 16 ROCKETS CONFIGURATION, TWO 100 IMPERIAL (1 20 U. S. ) GA LLON DROP TANKS 

GROSS WEIGHT, 16, 900 POUNDS GROSS WEIGHT, 16,400 POUNDS 

APPROXIMATE PRESSURE APPRO XIMATE 
MACH CAS ALTITUDE CAS MACH 
NO. (KNOTS) (KNOTS) NO. 

% RPM Ml/ LB (FEET) Ml/ LB % RPM 

78 . 099 .39 255 SEA LEVEL 290 .44 . 114 77 

80 . 109 . 41 250 5,000 280 . 46 . 129 78 

82 . 119 . 45 250 10,000 275 .50 . 145 60 

84 . 128 . 50 250 15,000 270 . 54 . 160 82 

86 . 136 . 54 245 20,000 265 . 58 .175 83 

90 • 143 . 59 245 25,000 265 .64 • 191 86 

92 . 148 . 63 235 30,000 260 . 69 .203 88 

35,000 255 • 76 . 213 91 

<10,000 

,15,000 

50,000 

REMARKS, LEGEND 
CAS - CAllBU.TEO AIRSPEED 

I. Red data is e stima ted (Airplane• 194S3 and subsequent) only. Ml / ll - NAUTICAL MILES PEit POUND 
OF FUEL CONSUMED 

DATA AS OF 8-23 - 51 
BASED ON FLIGHT TEST A.MD BSTOIATED DATA 172-93-1210 B 

Figure 4-12 (S heet 1 of 2) Maximum Range Summary Chart 
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Form l41S 

( 11 Jun SI) 

MOOEl, F-88E 

CONFIGURATION, CLEAN 

GROSS WllGHT, 14,800 POUNDS 

APPIOXIMATf 
MACH 

NO. 
% RPM Ml/LI 

77 . 125 . 49 

77 . 145 . 50 

78 . 188 . 53 

80 . 190 . 57 

81 . 215 . 62 

82 • 242 .66 

84 . 266 . 72 

86 . 287 . 78 

91 .302 . 82 

93 . 329 .84 

CONFIGURATION, 

GROSS WEIGHT, 

APPROXIMATE 
MACH 
NO. 

% RPM Ml/ LI 

REMARKS, 

DATA AS Of 8-23 -51 
BASED ON FLIGHT TEST 

RESTRICTED 
E005-5C-l 

MAXIMUM RANGE SUMMARY CHART 

STANDARD DAY 

ENGINE(S), '1) 147-GE-13 

PART 4 

CONFIGURATION, TWO 100 IMPER IA L (1 20 U.S. ) GALLON DROP TANKS 

GROSS WEIGHT, 14,600 POUNDS 

PRESSURE APPROXIMATE 
CAS ALTITUDE 

CAS MACH 
(ICNOTSl (KNOTS) NO. 

{FEET I Ml/ lB % APM 

325 SEA lEVEL 280 . 42 . 117 76 

305 5,000 275 . 45 . 133 77 

295 10,000 285 . 48 . 151 79 

290 15,000 265 . 52 . 168 80 

285 20,000 255 . 56 . 186 83 

275 25,000 255 . 61 . 205 84 

270 30.000 250 . 67 . 220 86 

265 35,000 245 . 73 . 233 88 

250 ,o.ooo 220 . 74 . 248 93 

225 ,s.ooo 

50,000 

CONFIGUAA TION, 

GROSS WEIGHT, 

PRESSURE APPRO XI MATE 
CAS CAS MACH 

(KNOTS) ALTITUDE 
(ICNOTSJ NO. 

(FEET) Ml/ta % RPM 

SEA LEVEL 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

'0,000 

,s.ooo 

50,000 

LEGEND 
(AS - (AllBRATED AIRSPEED 
Ml ll - NAUTICAL MIL ES PER POUND 

Of FUEl CONSUMED 

172-93-1568 

Figure 4-12 (Sheet 2 of l) Maximum Range Summary Chart 

RESTRICTED 111 



L 

PART 4 

WAOC 

Form 241T MAXIMUM 
( 11 fon 51) 

MODEL, F-86E 

RESTRICTED 
EO 05-5C -l 

CONTINUOUS POWER CHART 

STANDARD DAY 

ENGINE(S), (1) 147-GE-13 

CONFIGURATION , TWO 167 IMPERIAL (ZOO U S,) GALLON DROP T ANKS CONFIGURATION, TWO 167 IMPERIAL (200 U S. ) GALLON DROP TANKS 

GROSS WEIGHT, 17, 700 POUNDS GROSS WEIGHT, 14, 700 POUNDS 

APPROXIMATE 
PRESSURE APPROXIMATE 

'M, RPM ALTITUDE % RPM 
LB/ HR TAS CAS CAS TAS LB/ HR (K NOTS) (KNOTS) 

(FEET) 
{KNOTS) (KNOTS) 

5400 445 445 93 SEA LEVEL 
93 445 445 545!)_ 

4850 450 42.5 93 5,000 93 425 455 4900 
4350 460 400 93 10,000 93 405 460 4350 

3850 460 375 93 15,000 93 380 465 3850 

3350 460 350 93 20,000 93 355 465 3350 

2900 455 320 93 25,000 93 325 4S5 2900 

2450 445 285 93 30,000 93 295 460 2450 

35,000 93 260 445 2050 

'40,000 

45,000 

50,000 

CONFIGURATION, 16 ROCKETS CONFIGURATION, TWO 100 IMPERI A L (IZO U.S. ) GALLON DROP TANKS 

GROSS WEIGHT, 16,900 POUNDS GROSS WEIGHT, 16,400 POUNDS 

APPROXIMATE APPROXIMATE 

% RPM 
PRESSURE 

% RPM 
LB/ HR TAS CAS ALTITUDE CAS TAS LB/ HR 

!KNOTS) (KNOTS) (FHl) (KNOTS) (KNOTS) 

SEA LEVEL 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

«>.000 

45,000 

50,000 

REMARKS, LEGEND 

I Maximum exhaust temperature 655° C. LB/HR - FUEL CONSUMPTION 
2 Divide pounds by 8. 15 to obtain gallons of 3-GP-23A (MIL-1'·-5616) fuel. TAS - TRUE AffiSPEED IN KNOTS 
3 Divide pounds by 7 . 8 to obtain gallons of 3-GP-ZZ (MIL-F-5624) fuel. CAS - ~ALIBRATED AffiSPEED IN 
4 Divide pounds by 7. 8 to obtain gallons of 3-GP-ZZA (M IL-F-5624A) fuel. KNOTS 
5 Divide pounds by 7. 2 to obtain gallons of 3-GP-25A (MIL-F-5572) fuel. 
6 Red data is es t imated only (Airplanes 19453 ar'ld subsequent ). 

DATA AS OF 8-23-51 FUEL GRADE, 
BASED ON FLIGHT TEST AllD SSTDIATBD DATA l 72- 93-1212A FUEL DENSITY: ANY FUEL LISTED IN REMARKS 

Figure 4-13 (Sheet 1 of 2) Maximum Continuous Powe r Chart 
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WADC 

Form Z41T MAXIMUM 
( 11 Jun 51) 

MODEL, F-86E 

R E STRICTED 
E O 05-5C-l 

CONTINUOUS POWER CHART 

STANDARD DAY 

ENGINE(S), (1) 147-GE-13 

PART 4 

CONFJG\JRATION, CLEAN CONFIGURATION, TWO 100 IMPERIAL (120 U.S .) GALLON DROP TANKS 

GROSS WEIGHT, 14 ,600 POUNDS GROSS WEIGHT, 14,600 POUNDS 

A P P R O X I M A T E· 
PRESSURE 

APPROXIMATE 

% RPM ALTITUDE % RPM 
LB/ HR TAS CAS CAS TAS LB/ HR 

(KNOTS} (K NOTS) 
(FEET ) 

(KNOTS) (KNOTS) 

5750 520 520 93 SEA LEVEL 93 465 465 5700 

5150 530 500 93 5,000 93 445 475 5100 

4650 535 470 93 10,000 93 420 480 4550 

4100 535 440 93 15,000 93 395 485 4050 

3500 525 400 93 20,000 93 370 490 3600 

3050 520 370 93 25,000 93 340 485 3200 

2550 510 335 93 30,000 93 305 470 2600 

2300 500 300 93 35,000 93 270 460 2200 

1700 490 260 93 ,1(),000 93 220 425 1700 

1450 480 225 93 45,000 

50,000 

CONFIGURA ! ION, CONFIGURA !ION, 

GROSS WEIGHT, GROSS WEIGHT, 

APPROXIMA T E APPROX I MATE 

% RPM 
PRESSURE 

% RPM 
LB/ HR TAS CAS ALTITUDE CAS TAS LB/ HR 

{KNOTS) (ICNOTSI (FEET) (KNOTS) (K NOTS) 

SEA LEVEL 

S,000 

10,000 

15,000 

20,000 

25,000 

J0,000 

35,000 

40,000 

45,000 

50,000 

LEGEND 
REMARKS, 

LB/BR - FUEL CONSUMPTION 
I Maximum exhaust temperature 655° C. TAS - TRUE AIRSPEED IN KNOTS 
2 Divide pounds by 8 . 15 to obtain gallons of 3-GP-Z3A (MIL- F-56 16) fuel. CAS - CALIBRATED AIRSPEED IN 
3 Divide pounds by 7. 8 to obtain gallons of 3-GP-22 (MlL-F-5624) fuel. KNOTS 
4 Divide pounds by 7 . 8 to obtain ga.Llons of 3-GP-ZZA (M1L-F-56Z4A) fuel. 
5 Divide pounds by 7. Z lo obtain ga.J.Jons of J-GP-ZSA (MIL-F-5572) fuel. 

DATA AS Of 8 -23 - 51 FUEL GRADE, 
IASED ON FLIGHT TEST 172-93 -1570 FUEL DENSITY, ANY FUEL LISTED IN REMARKS 

Figure 4-13 (Sheet 2 of 2) Maximum Conti nuous Power Chart 
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--,j>. 
WADC 

MODEL FOMI 2UM 

~ .... 
(111un SI ) 

F -88E 
(JQ 

C 
'i ENGINE(S), 147-0E -13 
ro 
,j>. 
I 

TIME 1All on 
LIMITS llMIT 

~ R,M '"'' HUS, 
TIM'( Cl ('Ill -.... - 30 100 890 50 MILITIIRY 

(/l 
::;' 
ro NORMAL NONE 93 85& 50 
ro .... -
0 ..... 
N -
~ IF YOU 1111 IIT SEIi LEVEL 
...... .... 

(JQ UNOI IN All MIU5 fU!L 

::;' .... IY CIUISINC O,T ALT 1Y CIUISING tl'OUNDI) 

0 
., $1 (1000 fT I AT 0'1. ALT 

'"d 

7-' ro 
'i 

M pl 
(/1 .... .... ..., 0 

(370) 45 (770) 3000 

:;i:J ::, 
H H 
(') ::, ..., Ul .... 
M 'i 

310 45 600 2500 

250 40 440 2000 

ti C 
() 190 30 290 1500 .... ... . 
0 120 25 160 1000 
::, 
(') 
::;' 80 5 70 500 
pl 
'i .... 
I -,j>. 

CRUISING IIT SEIi LEVEl 
EffEC, 

IIPPROXIMIITE TIVE 

0-
0 
0 

WINO 

"' G.S. IANCf 
LIT , 

CIIS Lt/ HI DOWN RPM ,ACTOII (ICNOTS ! 
(U"l 0111 . 

'tJ 
0 1:!0 H.W. 

C 
::, 80 H,W, 
p.. 
Ul 350 79 2850 310 . 85 0 olO H.W, 

0 
'i 

t"' 
325 77 2800 325 1.00 0 0 

ro 
Ul 300 75 2400 
Ul 

340 1. I& 0 olO T,W, 

10 T.W. 

170 T.W. 

FLIGHT OPERATION INSTRUCTION CHART EXTERNAL LOAD ITEM 

NONE 

CHART WEIGHT LIMITS, 14, 600 OR LESS POUNDS NUMBER OF ENGINES OPERATING, ONE 

FUEL INSnUCTIONS fOI USING CHIIRT, (II) IN FLIGHT - S.le<t figu,e ;n fu•I column equal 
PRESS. to, o, ltu Iha" , fuel ovallablt for cruise (fuel on boord minus allowance for reserve, combat, 

NOTES: Aonge, shown at optimum altitudes ore mo1iimum, In Of'de, to obtain 

(PSI) maximum range on flights r1tquiring mOf'e than one chart (becou,e of uternol 
novlgotlonal 1r,ot1, formation fUghh, etc). Move hori1on1olly rtght °' left to ~ction accord- configuration or grou weight change,), ir i, neceuory to observe the optimu m 

800 
Ing lo prtttnl oltlNdt and read total range ava ilable (no wind) by cruising at that altitude cruising altitude rn each chart; i.e., when changing charts, o climb may be 
or by cilmblng to onoth., oltih.ide of ma•imum range , For a fl ight at initial altitude, operot - required to obtain o ma1dmum range . All range ¥alues include allowancH 
Ing lntlr uctlont art gl¥tn directly below. Fo, a flight at higher ahitude, climb immediately for deKent distance and fuel . Cl imb distance and fuel ore included where 
to dttlttd olrltudt and ttod cruising instruction in appropriate cruising altitude sect ion. climbs are indicated. 

400 (I) HIOHT f'LANNINO - From initial fuel on board subtract fuel required for talr.e-off and 
cllmb to d .. l,ed m.1ltlng oltih,dt and all other necenary allowance,. Then use chart as DIITII 115 OF 8-23-51 
for IN fllOHT abo¥e, odd Ing Initial cl imb dittonct to range ¥Olue1, DAT A BELOW CON-
T IIINS NO IU!L RESERVE fOI lllNDING. &IISED ON FLIGHT TEST 

LOW-ALTITUDE CHART 172-93 - 1222 

11 YOU AAE AT 5000 fT If YOU 1111 IIT 10,000 FT IF YOU 1111 IIT 15,000 FT IF YOU IIRE IIT 20,000 FT 

IANOI IN All MIUI UNGf IN All MIUS IAN(;f IN All MllfS FUEL IANGE IN All MIUS 

IT CIUIIINO o,r All IY CIUISINO IY CIUIStNG OPT All IY CRUISING IY CRUISING OPT All IY CIUISING (P'OUNDS) 
IY CIUISING OPT Al l IY CIUISING 

AT 5000 ,r 11000 "I AT 0'1, ALT AT 10,000 fT pooo m AT OPT Alf AT lS,000 fT 11000 m AT O,T AlT AT 10,000 fl 11000 n, AT OPT AlT 

(IANOI '10Ulll INCLUDI AUOWANCl5 FOi PIESCIIHD CLIMI AND DESCENT TO SEA LEVEL.) 

(440) 45 (810) (500) 45 (810) (570) 45 (840) 3000 (650) 45 (860) 

360 45 640 420 45 640 480 45 670 2500 540 45 700 

290 45 480 330 40 480 380 40 500 2000 430 45 530 

220 35 310 250 35 330 290 35 350 1500 320 40 380 

150 25 180 170 30 200 190 30 220 1000 220 30 230 

80 80 15 90 100 500 110 

CRUISING AT 5000 fl CRUISING IIT 10,000 FT CRUISING II T 15,000 FT CRUISING II T 20,000 FT 
EFFEC-

AnROX IMIITE IIPPA OXIMIITE IIPPROXIMIITE TIVE IIPPROXIMIITE 
WIND 

"' G.S. IANOI LIT· "' G.S. RANGf lfT • "' G.S. IANGf 
lfT • "' G.S. •ANG( 

lfl , 
CAS LI/ HR DOWN CIIS L&/ HR DOWN CIIS L&/ HA 00WN CIIS l&/ HA 00WN RPM ,Acr01 RPM FACTOR RPM fA(TOtt (ICNOTS t RPM FACTOR lkN I DIST '"""' OtSl , (KN) DIST. {ltNi DIST 

120 H.W. 325 84 2100 310 . 70 5 

335 81 2400 305 . 75 5 315 82 2100 310 . 75 10 80 H.W. 315 83 2000 340 . 80 10 

325 79 2450 310 ' 8& 0 315 80 2200 320 . 85 5 300 81 2000 330 . JO 10 40 H.W. 300 82 1900 360 . 90 10 

305 77 22b0 325 1.00 0 295 78 2050 340 1.00 5 290 80 ! COO 360 1.00 10 0 285 81 1750 380 1.00 10 

290 7d 2150 350 1. 15 0 280 77 1950 365 1.15 s 275 79 1800 380 1.10 10 40 T.W. 275 80 I 700 410 I. 10 10 

285 7C 1800 385 1. 25 5 265 78 1700 410 I. 25 10 110 T.W. 265 80 1650 435 I. 25 10 

120 T.W. 260 79 1600 4 70 I . 35 15 

'tJ 
:i> 
~ ..., 
,j>. 

M :;i:J 
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I 1-1 
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HIGH-ALTITUDE CHART 
MOOEL, F·86E ENG, 147-GE-13 CHART WT LIMITS, 14,600 OR LESS LI EXT LOAD, NONE NO. OF ENGINES OPERATING, ONE 

If YOU ARE AT 25,000 n If YOU ARE AT 30.000 FT IF YOU ARE AT 35,000 FT IF YOU ARE AT ol0,000 FT IF YOU ARE AT '5,000 FT 
FUEL 

IANGI IN•• MIi.ES FUEL IANGf IH AUi MtlfS IANGf IN Atl MIU$ I.ANGE IN ASI MllfS U.NGt: IN All MllfS 

IT Cltl.lSING orT. AU I Y CI\IISING ('()UNOSI I Y Cll.lSING OPT. All IT CIUISING I Y (IUISING o,r, M1' IY CIUIS,ING IY CIUISJNG °"· Alt IY CIUISING (P'OON0S) 1Y CI\MSING orT . All IY CIUISING 
., 25,000 n 11000 Ill Af on. Alf AT '>o,000 n (1 000 fl) AT O,J. All Al 35,000 fl CIOOO fl ) AT 0'1'. All AT 40,000 fl (1000 fl) AT O,T. Alf Al d ,000 FT (1000 fl) AT Ol'T. All 

(IIANGI l'IOUIES INCWDE ALLOWANCIS FOi PRESCIIIIO CUMI AND DISCPIT TO SIA LEVIL) 

(730) 45 (880) 3000 (800) 45 (900) (860) 45 (920) (900) 45 (950) 3000 (980) 

- . -

810 45 720 2500 (880) 45 (740) (71 0) 45 (760) (750) 45 (780) 2500 (820) 

480 45 550 2000 530 45 570 570 45 600 800 45 820 2000 (650) 

360 40 400 1500 400 40 410 420 40 430 450 1500 480 

240 30 250 1000 i70 280 300 1000 320 

120 500 130 140 150 500 150 

CIUISING AT 25,000 FT CRUISING AT 30,000 n CRUISING AT 3.5,000 FT CRUISING AT ol0,000 FT CRUISING AT 45.000 n 
EFFEC- EFFEC, 

A,,ROXIMATE TIVE APPROXIMATE APPROXIMATE TOVE 
WIND WIND ,., G.S. 

m. 
<KNOTS) ,., G.S. IANGE llT• ,., G.S. 

llT, 
'II, G.S. tANGE Lfl-

(KNOTS) 'II, G.S. IANGE 
lff. 

CAS LI/HR ltAHGI DOWN CAS LI/ HR DOWN CAS LI/ HR RANGE DOWN CAS LI/ HR DOWN CAS LI/ HR DOWN 
RPM (IN) •ACTOI DIST. 11PM (KN) 

fACTOI OfST. RPM ('lN) fACTOI 01$J. RPM 
(l(N) 

FACTOI OlST . RPM (KN ) 
f ACTOI DIST. 

310 85 1950 325 . 70 10 120 H.W. 295 88 1800 340 . 70 15 275 87 1650 345 . 70 20 255 91 1600 360 . 75 25 120 H.W. 225 93 1450 360 . 75 35 

295 8~ 1800 345 .80 10 10 H.W. 285 85 1700 365 . 80 15 270 86 1600 380 . 80 20 255 91 1600 400 . 80 30 10 H.W. 225 93 1450 400 . 85 40 

285 83 1700 370 . 90 15 <IC) H.W. 275 84 1850 390 . 90 20 270 86 1600 420 . 90 20 250 91 1550 435 . 90 30 ,10 H.W. ·225 93 1450 440 . 90 40 

275 82 1850 400 1.00 15 0 270 84 1800 425 1.00 20 265 85 1600 450 1.00 25 250 91 1550 475 1.00 35 0 225 93 1450 480 1.00 45 

270 82 1800 430 1.10 15 <IC) T.W. 280 83 1500 450 1. 10 20 260 85 1550 485 1. 10 30 250 91 1550 515 1.10 40 olO T . W. 225 93 1450 520 1.1 0 50 

265 82 1800 485 1. 20 20 10 T.W. 25& 83 1500 480 1.20 25 260 85 1550 525 1. 20 30 250 91 1550 555 1. 15 40 BO T.W. 225 93 1450 560 1.15 50 

280 81 1550 495 uo 20 120 T.W. 250 82 1450 515 1.30 25 255 85 1500 555 I. 30 30 245 90 1500 585 I. 25 45 120 T .W. 225 93 1450 600 I. 25 55 

REMARKS, EXAMPlE LEGEND 
I. Climb at 100% rpm . U you are flying at 10,000 feet with 2500 pounds EfPKTIVf WINO - H W,, HEAD WINO: T W , TAil WINO 

2 . All distances and speeds are nautical units. of available fuel , you can fly 420 nautical air IANGf fACfOI - IA.TIO Of GROUND OISU.NCf TO AIR MILES 

3 Multiply all nautica l units by 1. I 5 to obtain statute units . miles by holding 295 knots CAS . However I you FOi CORRlSf0N01NG WINDS 

(4 ) D1 v1 rl@ l b/ h; by 8.l~ to oh tatn ga.ls /h r o f 3GP2a {Jt~- 1., 1\1e l, can fly 640 nautical air miles by Immediately G.S. - GROUND SPEED IN KNOTS 

Dtv t rl e l b/h r by 1.8 t o obtain gals/ h r o f 3GP22 (JP-3) fuel. climbing to 45 , 000 feel using 100% rpm . At CAS - CAlllRA TEO AlllSPHO IN KNOTS 

Ot v i rle l b/h r by 7. 2 to obta i n gals/h r or 3GP25 gasol t_ne , 45 , 000 feet , cruise at 225 knots CAS and start ll/ HR - fUEl CONSUMPTION - ,OONDS n1 HOUI 
RANGE - NAUHC:Al MllfS 

5. Multiply ~allons by factor In Note· 4 to obtain pounds . letdown 45 nautical miles from home . With an 
•N - KNOTS 

8. Mu lt iply 36 Z Im p . Ga llons b y fa c to r i n No te 4 to obtai n m a ximu m available fuel in pounds 80- knot head wind , the range at 45 , 000 feet O,T, Alf - OPTIMUM AlTlfUOE 
7. iiaxlmum weight at 45 , 000 teer la 13', 600 pounds . would be . 85 x 640 , or 545 nautical ir,iles . DISfANCf - HAUl lCAl MllES 

Cruise at 225 knots CAS with this wind and start 
letdown 40 nautical miles from destination . 

WAOC 
Form 241N 

DATA AS OF 8-23-51 IASEDON FLIGHT TEST 
(11 Jun 51) 
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°' WAOC MODEL 
F o rm 241M F-86E 
(11 Iun 51) 

"l 
ENGINE(S}: 147- GE-13 

... . 
OQ 
.:: 
>i 

TIMf 
TAil Oil 

LIMITS % t,M "" ,eus. 
LIMIT TEM1'( Cl , ... , 

(1) ... MILITARY 30 100 690 50 
I ..... 

- Vl NOR/Ml NONE 93 6 55 50 
..... -N U) 
0 ::r 
C ~ .... 
U) ..... 

0 
Cl ..., 
Pl N 
...... -

IF YOU ARE AT SEA LEVEL 

IANGE IH All MllfS FUEL 

"l n CRUISING O'f Al l IY CIUISING ('OUNDS) 

t-l l:;'. •• Sl CI OOOfT ) AT 0'1 ALT 

Pl OQ 

~ 
;:l ::r 
:,;-- .... 

M Cll 0 U) 

t-l 
"Cl 

I (1) 

(520) 30 (910) 4500 

~ >i 
...... ...... Pl 
(") °' .... 
t-l 

... . 
... 0 

M 0 ;:l 

460 30 780 4000 

400 30 660 3500 

t:l OH 
.... ;:l 
0 Cll .... 

350 30 530 3000 

290 30 420 2500 
...... >i ... .:: . n 
O' !!. 
00 
0 ;:l 

'"Cl (") 
0 ::r 
C Pl 
;:l >i 
p. .... 
Cll I 

t-l 

CRUISING AT SEA LEVEL 
EFFEC-

APPROXIMATE TIVE 
WIND 

% G.S. UHGf LET · 
CAS LB/ HR DOWN RPM FACTO• (KNOTS, 

(l( N) 01ST. 

~ 
0 120 H.W. 

...... 
0 

80 H.W. 

0 
310 79 28 270 . 85 0 ,40 H.W . 

H 

3 
"Cl 290 77 2550 290 1.00 0 0 

26 5 75 2300 30 5 1.15 0 ,10 T.W. 

80 T.W. 

120 T.W. 

FLIGHT OPERATION INSTRUCTION CHART EXTERNAL LOAD ITEM 

TWO 1 0 0 ( 12 0 U , S.) GA L L ON DROP TAN IC S 

CHART WEIGHT LIMITS, 16 , 400 TO 14 , 600 POUNOS NUMBER OF ENGINES OPERATING, 0 1" , -
FUEl INSTRUCTIONS FOR USING CHART, (A) IN FLIGHT - Soled figu,o in fuot colul"n oquol NOTES: RongH shown ot optimum oltitudes ore maximum. In o,der to obta in PRESS. 
(PSI) to, o, le11 than, fuel O'lailoble for cr11i1e (fuel on board minus allowance for ,.,.,.,.., combat, ma• imum ra nge on fl ighh requiring more than one chart (because of e xte rnal 

no'ligotionol erro,s, formation fl ights, etc). MO'le ho,izontally rtght or ieh to wction accord, configuration o, gross weight changes), it is neceuory to observe the optimum 
ing to prewnt altitude and reod total range available (no wind) by cruiling at that altitude crui, ing altitude on each chort; i.e ., when changing chom, o climb moy be 

600 o, by climbing to another altitude of moa imum ronge. FDf' o fl ight of initial a ltitude, operot- required to obtoin o moa imum range . All ronge Yolues include allowa nces 

Ing Instructions ore given directly below. FOf' o flight ot higher altitude, climb immediately fOf' descent distance and fuel . ClilTlb d istance and fuel ore included where 

to d"ired altitude ond reod cruising instruction in oppt'opriote cruising altitude section. climbs ore indicated. 

400 (I) FLIGHT PLANNING-From initial fuel on boord subtract fuel required fOf' toke-off and 
cl imb to desired cruising altitude and all other neceuory ollowoncn . Then use chart as DATA AS OF 8 - 23 - 51 
for IN FLIGHT obo¥e, add ing initial climb distance to range values. OAT A BELOW CON-
TAINS NO FUEL RESERVE FOR LANDING. BASED ON FLIGHT TEST 

LOW-ALTITUDE CHART 172- 93 - 1220 

If YOU ARE AT 5000 FT If YOU ARE AT 10,000 FT IF YOU ARE AT 15,000 FT IF YOU ARE AT 20,000 FT 

IANOf IN All MIUS 1.A.NGE IN All MILES I.A.NG! IN All MllfS FUEL UNGE IN .A. II Mll fS 

IY CII.NSING Of'T . ALT IY OUISING IY CIUISING OPl..A.l T I Y CRUISING IY CIUISING O'f . .A.LT IY CRUISING 
(PO UNDS) 

BY CRUISING OPT . .A. l T IY CRUISING 
AT 5000 n 11000 m AT 0'1. Alf AT 10,000 FT (1 000 FT ) AT O PT All AT 15,000 FT (1 000 fl ) AT OPT . .A.LT AT ,0,000 FT (1 000 FT) AT O PT All 

(IANGI FlGUIIS INCLUDE AU.OWANCES fOI ,.ESCRIBED CllMI AND DESCENT TO SU. LIVEL) 

(590) 30 (930) (670) 30 (950) (750) 30 (980) 4500 (820) 30 (1000) 

530 30 800 590 30 820 660 30 860 4000 730 30 880 

460 30 680 520 30 700 580 30 73 0 3500 640 30 750 

JOv 30 550 440 30 570 490 30 610 3000 540 30 630 

33U 30 440 370 30 46 0 410 30 500 2500 450 30 520 

CRUISING AT 5000 FT CRUISING AT 10.000 FT CRUISING AT 15,000 FT CRUISING AT 20.000 FT 
EFFEC-

APPROXIMATE APPROXIMATE APPROXIMATE TIVE APPROXIMATE 
WIND 

% G.S. UNGE 
l£T. % G.S. AANGf LET · % G.S. I.A.NGE 

l£T . % G.S. •ANGE lET-
CAS LI/ HR DOWN CAS LB/ HR DOWN CAS LI/ HR DOWN CAS LI/ HR 

RPM FACTa. RPM FACTOlt RPM FACTa. (ICNOTS 1 RPM FACT OR DOWN 
(IC N) DIST. {KN) 01ST . (KN) DIST. (KN i DIST. 

120 H.W. 305 86 2450 285 . 65 5 

305 83 2500 270 . 75 3 300 84 2400 290 . 75 5 80 H.W. 290 8 5 2300 305 . 75 6 

300 80 2550 280 . 85 2 290 81 2350. 295 . 85 4 285 83 2250 315 . 85 5 ,40 H.W. 275 84 2100 330 . 90 7 

280 78 2300 300 1.00 2 275 80 2200 315 1.00 4 270 82 21 00 335 1.00 6 0 265 83 2050 355 1. 00 8 . 

265 77 2200 325 1.15 2 265 79 21 00 345 I. 15 4 26 5 8 2 205 0 370 1.15 7 ,10 T.W. 260 . 83 2000 390 1. 10 ~ 

255 78 2000 375 I. 25 5 25 5 81 195 0 395 I. 25 7 80 T.W. 25 5 83 1950 420 I. 25 10 

120 T.W. 250 8 2 1900 455 I. :t5 11 
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HIGH-ALTITUDE CHART 
MODEL, F -86E ENG, 147- GE - 13 CHART WT LIMITS, 16 , 400 TO 14 . 600 lBI EXT LOAD, n o Io o 1120 U. S . ) GALLON DROP TANI S NO. OF ENGINES OPERA TING, ON E 

IF YOU ARE AT 25,000 fT IF YOU ARE AT 30.000 fT IF YOU ARE AT 35.000 FT IF YOU ARE AT -40.000 FT IF YOU ARE AT 45.000 FT -U ,NGf IN A .. MILES FUEL IANGf IN Alt MIL ES U.NGE IN All MILES UNGE IN All MIU S F UEL 
•Al'fGf IN A llt M ILES 

IY C•UISING °'1'. Alf IY CRUISING lftOVNDS) IY CRUISING °'1'. ALT IY CRUISING IY CRUISING OPT . Alf I Y CRUISING av CRWSING O Pr. ALT SY CRUISING (POUNDS) 8Y CRUI SING O PT Al l 9Y CRUISING 
At ·u ,ooo n (1000 "l AT O,T. ALT "' 30,000 fT (1000 fT) AT OPT ALT AT 3.S,000 FT (1000 FT) AT O PT. All AT 40,000 FT (1 000 fT J Al O PT. All AT H , 000 FT (l OOO FT J AT O PT . All 

·-
(IANGI FIGURES INCLUDE AUOWANCH FOR PRESCRIBED CUMI AND DESCENT TO SEA LEVEL.) 

(900) 30 (1030) 4500 (970) 35 (1040) (1020) 35 (1050) 4500 
·-· 

800 30 890 4000 (860) 35 (910) (900) 35 (930) 4000 

700 JO 770 3500 750 35 790 790 35 800 3500 

600 30 640 30()0 640 35 670 670 35 680 3000 

490 30 530 2500 530 35 550 550 2500 

CRUISING AT 25,000 FT Cl!IJISING AT 30,000 FT CRUISING AT 35,000 FT CRUISING AT -40,000 FT CRUISING AT 45.000 FT 
EFFEC- EFFEC-

APPROXIMATE TIVE APPROXIMATE APPROXIMATE TIVE 
WIND WIND 

"' G.S. LET- (KNOTS) "' G.S. LET• 

"' G.S. 
l fl • 

"' G.S. LET· (KNOTS! "' G.S. RANGE 
lET · 

CAS LI/ HR lANGf DOWN CAS LI/ HR IIANGE DOWN CAS LI/ HR ltANGE DOWN CAS LB/ HR RANGE DOWN CAS LB/ HR OOWN 
RPM (KN) 

fACTOI DIST. RPM FACTOR DIST. RPM FACTOR 0 1ST. RPM fACTell DIST. RPM (KN) 
FACTOR DIST. (KN) (K N ) (KN} 

290 88 2300 295 . 70 7 120 H.W. 280 90 2250 315 . 70 8 265 93 2150 330 . 70 10 120 H.W. 

280 87 2200 325 . 80 8 80 H.W. 275 89 2200 350 . 80 10 265 93 2150 370 . 80 11 80 H.W. 

270 86 2050 350 . 90 9 -40 H.W. 265 88 2050 375 . 90 11 260 92 2100 405 . 90 13 -40 H.W. 

265 86 2000 385 1.00 10 0 260 88 2000 410 1.00 12 255 91 2050 435 1.00 14 0 

260 85 1950 415 1. 10 11 «> T.W. 255 87 1950 440 1. 10 13 255 91 2050 475 1. 10 15 -40 T .W. 

255 85 1900 450 I. 20 12 80 T.W. 255 87 195() 480 I. 20 14 250 91 2000 505 1. 20 17 80 T . W. 

250 84 1900 485 1. 35 13 120 T.W. 250 87 1950 515 I. 30 16 245 90 1950 540 I. 30 18 120T . W. 

REMARKS, EXAMPLE LEGEND 

Climb al 100% rpm . 
EHECTIVI: WINO - H.W .• HEAD W INO; T W ., TAil WINO 

1. 1f you are al 10,000 fee l with 4000 pounds of IANGE FACTOR - RATIO O F GROUND OISlANC E TO AIR MILES 

2. All cllstances and s peeds are nautical units . available fuel, you can fly 590 nautical air FOi CO A:RESPONOINC WINOS 

s. llulllplv all naullcal_unlts by 1. 15 lo obtain statute units . miles by holding 275 knots C AS. However, you G.S. - GROUND SPEED IN KNOTS 

{4 ) Dtvirle lb/ h r by tf.! 5 to obtain gals/h r o f 30P23 {JP- 1) fu e l . can fly 820 nautical air miles by immedia tely CAS - CAUIAATl:O AIASPl:EO IN KNOTS 

ll / HI - fUH CONSUMPT ION - POUNDS PER HOUR 
D1 v t rle l b/h r by 7.8 to ob ta i n ga l s / hr o f 3GP22 (JP-3) fu e l. climbing to 30, 000 feet using 100% rpm. Al 

IANGE - NAUTIC Al MN. ES 
Divtrle l b/h r by 7 . 2 to obtain ga l s/hr o f 3GP25 gasolin e . 30, 000 feel , cruis e at 260 knots CAS and s tart <N - KNO TS ~- Mull1ply gallons by !actor In Nole 4 lo obtain .JlOUnds . letdown 12 nautical miles from home. With an OPT. ALT - OPTIMUM Al TITUDI: 

e. Multiply 562 Imp . gallons by factor in note 4 to obtain maximum fuel 80-knol head wind, the range at 30 , 000 feet would DISTANCE - NAUTICAL MllES 

availabl e in pounds. be .80 x 820, or 660 nautical miles . Cruise at 
275 knots CAS with this wind and start letdown 
10 nautical miles from des tination . 

WADC 
F orm 241N 

DATA AS OF 8-23-51 BASED ON FLIGHT TEST (11 J une 51) 
172- 93 - 1221 
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WADC MODEL 
F orm 241M F-8BE 
(ll 1un ~l) 

ENGINE(S), 147-0E-13 

TIMI 
U,I~ 01< 

LIMITS ,-. t,M ~"1 .. ,u. 
llMl r llMfl( Cl 1,SII 

MlllTAIY 30 100 890 50 

~OIMAL NONE 93 6~5 ~o 

If YOU Al! AT SEA lEV!l 

UNO( IN All MllU ,uu 

IY CIUISING o,r AlT I'( (IUISINO ,,ouNCS) ., .. ,1 000 m AT o,T ALT 

350 40 800 3000 

290 40 470 2500 

230 35 3~0 2000 

180 30 240 I 800 

120 15 130 1000 

BO 800 

CIUISINO A,T SEA LEVEL 
u,Ec-

APPIOXIMAT! TIVE 
WIND 

% o.s. U.NCI 
UT . 

CAS LI/ HI DOWN RPM ,Aero• (C NOTS 1 
(KN) CllT, 

120 H.W. 

10 H.W. 

305 78 28~0 285 . 85 ~ ,IQ H.W. 

--.... _ 
280 78 2400 280 1.00 0 0 

2110 74 2200 300 I. 18 0 ,IQ T.W, 

10 T.W. 

120 T.W. 

FLIGHT OPERATION INSTRUCTION CHART EXTERNAL LOAD ITEM 

r,o 1 oo 1120 U.S.} CALLON OHOP T ANJ; ~ 

CHAAT WEIGHT LIMITS, 14 , 600 OR LESS POUNDS NUMBER OF ENGINES OPERATING, ONE 

FUEL INSTRUCTIONS ,oR USING CHART, (A) IN FLIGHT - Select~.,. ;n fuel column equal NOTES: RongH , hown ot optimum altitude• ore mo.1 imum In order to obto,n PRESS. 
to, or ltH thon, h,•I o'folloble for crwiae (fuel on boord minus ollowonu for rHern, combcrt, moaimum rong• on flight, requiring more thon one chort (becau,e of uternol (Pal) 
na¥1gallonal e,ron, formation ft lghh, etc). Move ho,izOfltolly right o, I.ft to iection accord- configurat ion or grou weight changes), it i , necenory to ob1erve the optimum 
Ing to prt1tnl altlh.tde and reod totol ,ange available (no wind) by crui,ing at thot altitude crui, ing altitude ....,, each chart ; i e ., when changing charh , o cl,mb may be 

800 o, by cllmblng to another oltltude of maximum range . For a Right at initial alt itude, operol· required to obtain a maximum range. All range value, include allowance, 
Ing ln1truction1 ore g iven directly below. For a flight at h igher altitude , climb immediately for deicent d i,tonce ond fuel . Climb distance and fuel ore included whe re 

to de1lrttd altitude and r.od crui1ing in1truction in appropriate cru ising altitude ,ection . climb• ore indicated. 

400 (I) ,LIGHT Pl.ANNING - ,,om Initial fuel on boord subtract fuel required for talfe.off and 
cllmb to de,lred crt.i lt ing altitude and all other necessory ollawance1, Then use chart 01 DATA AS Of 8 - 23-51 ror IN PLIGHT above, add ing initial climb d i1tonce to range value,. OAT A &ELOW CQN. 
TAINS NO ,uel R!StlVE FOi LANDING. BASED ON FLIGHT TEST 

LOW-ALTITUDE CHART 172-93 - 1218 

IP YOU Al! AT 5000 FT IF YOU ARE AT 10,000 FT IF YOU ARE AT U ,000 FT IF YOU ARE AT 20.000 FT 

IANOI tN All Mllll IANGf IN All MllH UNGI: IN All MllU FUEL UNGf IN All MllU 

l't' CIUISINO Oll'T ALT IY CIUISING 1Y CIU151NG 0,T . All IY CIUISINC IY (IUISINC 0'1 Al l IY CIUISING (,OUNOS) 
IY OUISING o,r AlT I Y CIU1 SINC 

AT 1000 '1 (1 000 ,., Al 0". ALT AT 10.000 fl ( IOOOfT ) AT Q,T Alf AT U ,000 fl 11000 fl ) Al O,T. All AT 10,000 fl 11000 fl ) AT ()PT Alf 

(Lt.NOi PIOUIH INClUDI AUOWANCH ,01 ,usc1111D CLIMI AND DESCENT TO HA lfVEl.) 

400 40 820 460 40 640 510 40 660 3000 560 40 ~80 

330 40 490 380 40 520 430 40 540 2500 470 40 560 

370 40 370 30U 40 390 340 40 410 2000 380 40 430 

. 

200 30 260 230 30 270 260 35 290 1500 280 35 310 

130 20 l~O 150 25 170 I 70 25 180 1000 190 25 200 

·-
70 80 90 500 100 

CIUISINO AT 5000 FT CRUISING AT 10,000 FT CRUISING AT 15,000 FT CRUISING AT 20,000 FT 
EFFEC-

AHIOXIMATE APPROX I MATE APPROXIMATE TIVE APPROX IMATE 
WIND 

% o.s. UNOI lfl• % G.S. UNGI: 
l fl , 'II, G.S. IANCf 

llf , % G.S. IAN(if '" CAS LI/ HI DOWN CAS l&/ HR DOWN CAS LB / HR DOWN CAS LB/ HR OQWN 1PM ,Ac,o• RPM ,..,no, RPM ,AcT01 (kNOTS J RPM fA CTOll (U,r,j ) 01ST , (fll:N ) 01ST . (l( N ) OIIT. (l(N , 01 ST 

120 H.W, 300 85 2300 280 . 65 5 

300 82 2400 265 . 75 3 290 83 2200 280 . 75 5 10 H.W. 285 84 2100 300 . 80 6 

290 79 2380 270 . 85 2 280 80 2250 285 . 85 4 275 81 2050 300 . 85 5 40 H.W. 270 83 1950 320 . 90 7 

278 77 2200 298 1.00 2 285 79 2050 305 1.00 4 265 80 1950 330 1.00 6 0 255 83 1850 340 1. 00 8 

280 78 2050 320 I. I 5 2 255 78 1950 335 I. I 5 4 250 79 1850 350 1.15 7 40 T.W. 245 81 1750 370 1.10 9 

245 77 1850 365 I . 30 5 145 79 1800 385 I. 25 8 80 T.W. 235 80 I 700 400 I . 25 10 

120 T.W. 230 80 1650 430 I . 35 II 
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HIGH-ALTITUDE CHART 
MODEL: F-86E ENG, 141-GE-13 CHART WT LIMITS, 14,600 OR LESS LI EXT. LOAD TI O IO O ( 120 u.s., GALLON DROP TANX S NO. OF ENGINES OPERATING, ONE 

IF YOU ARE AT 25,000 FT IF YOU ARE AT 30,000 FT If YOU ARE AT 35,000 FT IF YOU ARE AT ..0,000 FT IF YOU ARE AT 45,000 FT 

IANGf IN Alt MILfS FUEL U,J',K;f IN Alt MM.fS u.HGflN .t.•MA.U RAJr,,fG.f IN AJI MkfS FUEL IA....cil: IN AHi Mil.ES 

IY CIUISING Of'T. ALT IY OU/SING (,OUNOS) IY CIUtSING OPT. ALT IY CIUISING IY CIUIS.NG Of'T. AlT IY OUISING IY CIUISING Ol't. All IY CIUIS,NG (POUNDS) n CllNSING OPT. All IY CIUISING 
AT 2S,000 n c1ooon) AT 0,f. ALT AT l0,000 n (1000 FT) AT O,T. All AT lS,000 fT (1000 "' AT OPT. All ., 40,CQ) fT (1000 FT) AT 0,T. All AT 45,000 fT (1000 fT) AT OPT . All 

(IANOI FIGURES IHClUOI AUOWANCES FOIi l'HSCIIIED CUMa AND Dl5CINT TO SIA LIVIL) 

no 40 700 3000 670 40 720 710 40 740 760 3000 

520 40 570 2500 560 40 600 590 40 620 630 2500 

410 40 450 2000 450 40 470 470 40 490 500 2000 

310 40 330 1500 340 40 350 360 40 370 380 1500 

210 1000 230 240 260 1000 

110 500 120 120 130 500 

CRUISING AT 25,000 FT CRUISING Af 30,000 FT CRUISING AT 35,000 FT CRUISING AT ..0,000 FT CRUISING AT "5.000 FT 
EFFEC, EFFEC, 

APPROXIMATE TIVE APPROXIMATE APPROXIMATE TIVE 
WIND WIND 

% G .S. lfT - (l MOTS) % G .S. lfT- % G .S. 
lfT. 

% G .S. RANGE 
lfT• 

(KNOTS) % G .S. U.NGE 
lfT -

CAS LI/ HI OANGf oow ... CAS LI/ HR lAHGf OOWN CAS LI/ HR OANGf OOWN CAS LI/ HR OOWN CAS LI/ HA 00WN 
RPM fACJO, 0151 RPM fACTOI 0 1ST. RPM (ICN) 

FACTOII 01ST. RPM (KN ) 
FACTOI 01ST. RPM 

{JtNI 
f ACTOt om (ICM) {ICM) 

285 86 21 00 290 . 65 7 120 H.W , 270 87 2000 3GO . 70 8 260 90 1950 325 . 70 lu 220 93 1700 305 . 70 11 120 H.W . 

270 85 1950 31 0 . 60 8 10 H.W . 260 87 1900 330 . 80 JO 255 90 1900 355 . 80 11 220 ~3 1700 345 .80 13 BO H.W. 

2&0 S4 1850 335 . 90 9 «> H.W. 255 86 1800 360 . 90 11 255 90 1900 395 . 90 13 22.; 93 1700 :i;J5 . 90 14 ..cl H.W . 

255 84 1800 370 I. Ou 10 0 250 88 1800 400 1. 00 12 245 88 1800 · 420 1.00 14 220 93 1700 425 1. 00 16 0 

245 83 1700 400 1.10 11 «> T.W. 245 85 1750 435 I.JO 13 24·.; 88 1750 450 1.10 15 220 93 1700 465 1.10 18 ..cl T . W. 

240 83 I 700 430 I . 25 13 10 f .W . 240 85 1700 460 I. 20 14 240 88 175c 490 1 . 20 17 220 93 1700 505 I. 20 rn 10 T .W . 

235 82 1650 460 I. 35 14 120 T,W, 240 85 17()0 5uJ I. 30 16 235 88 1700 525 I. 30 19 220 93 1700 545 I. 30 21 120T . W. 

REMARKS, EXAMPLE LEGEND 
tFPKTIVE WINO - H.W ., HEAD WINO; T.W ., TAil WINO 

I. Climb at JUD% rpm . U you are at JO, 000 !eet with 2500 pounds or IANGE FACTOI - IA.TIO OF GROUND DISTANCE TO AIR MllES 

2. All distances and s peeds are nautical units . available !uel, you can fly 380 nautical air FOi COIRESl'ONDING WINOS 

3 . Mull iply all nautical units by 1 . 15 to obtain stalute units . miles by holding 265 knots CAS. However . you G .S. - GIOUNO SN:EO IN ltH01'S 
(AS - CA1.UA1'f0 AIRSPEED IN KNOTS 

•I Dt v trte 1b/ hr by ti. US to ootatn gal a/h r or 3GP23 (JP- lJ f\JeJ. can fly 520 naulical air miles by immediately LI/ HI - fUEl COHSUMrTIOH - P'OUNOS l"U HOUR 
D1v1cte 1b/hr by 7.8 to obtain gala/hr or 3GP22 (JP-3) fuel climbing to 40,000 !eel using 100% rpm. At ... NGf - HAUHCAl MllES 
Div ide lb/hr by 7.2 to obtain tr11.l 11/hr or 3GP2G gasol ine . 40. 000 reel, cruise at 220 knots CAS and KN - KNOTS 

~- Mull1ply gallons by factor In Note 4 10 obtain pounds . start le tdown 16 nautical miles (rom home . With Of'T. ALT - Of'llMUM Al TITUOf 

an 80- knot head wind . the range at 40,000 feet OtSTANCE - NAUTICAL MllES 

would be .BO x 520 , or 420 nautical miles . Cruise 
at 220 knots CAS with this wind, and start 
le tdown 13 nautical miles (rom destination . 

WADC 
F orm 241N 

DATA AS Of 8-23 - 51 IAS£0 ON FLIGHT TEST 
172-93-1219 

(1 1 Iun 51) 
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-N 
0 w~ MODEL 

Form 241M F - 86E 
(11 lun 51) 

ENGINE(S), 147-GE - 13 

TIMI 
TAil °" LIMITS ~ a,M .... NESS. llMIT TfM'( Cl ('511 

>zj MILITARY 30 100 690 50 ... . 
OQ 
~ .., NORMAL NONE 93 655 50 
(1) 

(/)~ .... I 

~ -(1) -.-J 

ro-
::, C/l 

~;; 
0 (1) 

(') ... 
If YOU .UE AT 51:A LEVEL 

IANGf Ill Art MtlfS FUEL 

:,;-- IT ClutSING OPT. ALT n c•u1s1NG (,OUNOS) 

(1) 
... 0 
(Jl H, 

AT 5' (1000 fl) AT Ol'T. All 

~ I ~ 
M ;;:: >zj C/l 
..,] . -.... 
~ 

-.OO'Q 
0 ::r 

(SOO) 30 (41 0) 3000 

250 30 330 2500 

0 0 ... 

..,] "cl 0 
M 0 'O 

ti ~ (1) 
;:, .., 
0.. p, 
(Jl 

... .... 
0 

0 
.., ::, 

200 30 260 2000 

150 30 180 1500 

10v 30 llO 1000 

I-< r<;:, 
(1) (Jl 
(Jl ... 
(Jl .., 

~ 

50 500 

(') ... ... . CRUISING AT SEA LEVEL 
EFFEC· 

0 APPROXIMATE TIVE 
::, 
() 
::r 

WINO 

"' G.5. IANGE LET · 
CAS 

RPM 
18/ HR F.t.ClOI DOWN (KNOTS 1 

111:H I DtST . 

p, .., 120 H.W. ... 
110 H.W . 

275 80 2850 235 . 85 0 ~ H.W . 

255 76 2600 255 1.00 0 0 

240 77 2400 280 1.15 0 ~ T.W . 

110 T .W . 

120 T .W . 

FLIGHT OPERATION INSTRUCTION CHART EXTERNAL LOAD ITEM 
16 ROCKETS 

CHART WEIGHT LIMITS, 16 , 90v OR LESS POUNDS NUMBER OF ENGINES OPERA TING, ONE - -
FUEL INSTRUCTIONS FOR USING CHART, (A) IN FLIGHT - S.loct figu,e ;n fuel <ol~mn equal 
PRESS. NOTES: Rongu ,hown of optimum oltitvdH ore mo•imvm. In Oi'der lo obtain 

to, or less than, fuel oYOiloble for cruise (fu~ on board minus allowance for reserve, combat, maximum range on Aighh requiring more than one chart (because of e•ternol (PSI) no¥igotionol errors, formation ftighh, etc). Move horizontally right or left to se<tion accord- configuration or g ross we ight change,), it is necenory lo observe the optimum 

600 
ing to preJenl altitude and reod total range O'¥'oiloble (no wind ) by cruising at that altitude cruisi ng altitude on each chort: i.• .. when chang ing chorh. o climb moy be 
or by cl imbing to onoth•r oltitud• of mo• imum ronge. For o fl ight at initial altitude, operaf. requi red to obtain o mo•imum ronge. All ronge voluu include ollowonces 
i"9 instructions or• given directly b.low. for o Right o t high•r altitude , cli mb immedia tely for deKent d istance and fuel . Climb distance ond fuel are incl uded where 

to dnired oltitud• ond r•ad cruising instruction in appropriate cruising altitude section . cl imbs ore indicated 

400 (I) FLIGHT PLANNING - from initial fuel on boord subtract fuel r•quired for tok•-off ond 
climb to desired cruising altitude and oll other necHsory allowances. Then u'9 chart os DATA AS OF 8-23 - Sl 
for IN FLIGHT abov•, oddi,,g initial climb d istance ta ronge ,..olues. DATA BELOW CON-
TAINS NO FUEL RESERVE FOR LANDING. BASED ON FLIGHT TEST 

LOW-ALTITUDE CHART 
IF YOU .UE AT -'000 FT IF YOU ARE AT 10,000 FT IF YOU ARE AT 15,000 FT IF YOU ARE AT 20,000 FT 

IANGE IN All MllES IANGE IN All Mll ES RANGE IN All MllfS FUEL RANG( IN Allt M1l fS 

IY CIUISING o,T. All IY CIUISING IY CRUISING Of'T . Alf IY CRUISING IY CRUISING Ol'T All IY CRUISING (,OUNOS) I Y CIUISING OPT Alf IY CRUISING 
AT 5000 fl (1000 " > AT O,T. ALT AT 10.000 fT (1 000 fT J AT OPT. Alf AT 15,IX)O ff ( 1000 f TJ AT OPT. A.LT AT 10,000 FT (1000 FT) AT OPT .t.lT 

(IANOE FIGUIES INCLUDE AUOWANCH FOi ,tESCRIIED CLIMB AND DESCENT TO SEA 1.!VEL.) 

(330) 30 (420) (360) 30 (430) (390) 30 (440) 3000 (4 10) 3c 14 50) 

28J Ju 350 30J 30 360 330 30 360 2500 340 30 370 

220 30 270 240 30 280 260 30 2s0 2000 2 70 30 300 

170 30 200 180 30 210 200 30 220 1500 210 30 :20 

ll Q 30 120 120 30 130 130 30 140 1000 140 30 150 

60 60 70 500 70 30 uo 

CRUISING AT 5000 FT CRUISING AT 10,000 FT CRUISING AT 15,000 FT CRUISING AT 20,000 FT 
EFFEC-

APPROXIMATE APPROXIMATE APPR OX IMATE TIVE APPR OX IMATE 
WINO 

"' G.S. RANGE LET • "' G.S. RANGf LET · "' G.S. RANGE lfl • 
CAS "' LB/ HR G.S. RANGE "' CAS 

RPM 
LI/ HR fACTOI DOWN CAS 

RPM 
lB, HR 

FACTOR DOWN CAS 
RPM 

LB/ HR 
F.t.CTOI DOWN (ICN0T5, , RPM FACT OR DOWN 

(KN ) DIST. (KN ) 01Sl (kN I 01ST. (l( N l OIS1 . 

120 H.W. 270 89 28uO 24 ,l . .... :; · 5 

280 85 2850 240 . 70 5 270 86 2700 255 . 75 5 BO H.W. 260 88 2650 270 ' ;~ . 5 

265 81 2650 245 . 85 5 260 63 2550 260 . 85 5 255 85 2500 275 . 85 10 40 H.W. 250 87 2500 300 . 85 10 

250 8 0 2450 270 1.00 5 250 62 2400 290 1.00 5 250 84 2450 31 0 1. 00 10 0 24 5 86 2400 330 1.00 10 

240 79 2350 300 I. 15 5 245 82 2350 320 1 . 15 5 240 84 2300 340 1. 15 10 ..0 T.W. 240 86 2350 360 1. 15 10 

235 81 2 250 350 1. 30 5 235 83 2250 375 1. 25 15 BO T.W. 235 86 2300 40U 1 . :5 15 

120 T,W . 230 85 2~~,) 430 1. 40 1 ~ 

"cl 
:i,. 
::,;::, 
..,] 

,IS, 

M~ 
0~ 
0..,] 
Ul ::,;::, 
I >-4 
u, () 
() ..,] 
I M 
- ti 



:;c; 
M 
Ul .., 
:;c; 
H 
(") .., 
M 
t, 

-N -

1-<J ..... 
OQ 
~ 
1-j 

ro 

Ul *" ,_., I 

>< -;; --.I 

ro -::, Ul 

:;c; ~ 
o ro 
(") 

...,. 
:,:;"N 
ro ...,. 0 
Ul ...... 
I ~ 

; 1-<J . -.... . '° (,>Q OP'" 
0...,. 

1:J 0 
0 'O 
~ ro 
::, ., 
p,,. Pl 
Ul ...,. .... . 
0 

0 ., ;::; 
H r- ::, 

ro u, 
Ul r+ 

Ul 2 
(") ...,. ..... 
0 
::, 
(") 
::,-
Pl 
1-j ...,. 

HIGH-ALTITUDE CHART 
MODEL, F -86 E ENG, 147 - GE-13 CHART WT LIMITS, 16 ,901) OR LESS LB EXT LOAD, 16 ROCKETS NO. OF ENGINES OPERATING, ONE 

IF YOU ARE AT 25,000 FT IF YOU ARE AT 30,000 FT IF YOU ARE AT 35,000 FT IF YOU ARE AT 40,000 FT IF YOU ARE AT ,s,000 FT 

I.ANGE IN All MILES FUEL U.NGE IN All MllES U.NGE IN All MllES U.NCE IN All MllES FUEL IANGE IN All MILES 

IT CRUISING Q,r . ALT IY CIUISING (Ll>OUNOS) I T CIUISING OPT ALT &Y CIUISING I Y CRUISING on. ALT I T CRUISING I T CRUISING OPT . Alf I Y CRUISING (POUNDS) I T CIUISING Of'T. ALT IY CIUISING 
,., n ,ooo n (1000 FT ) AT O PT . ALT AT l0,000 fT {1000 fl) AT O PT. Alf Al JS,000 fT (1000 FT ) AT O l"l All ~T 40.000 ff (1000 fl) AT OrT. All AT 45,CNXI FT (1000 fl) AT O,T. All 

(RANGE FIGURES INCLUDE ALLOWANCES FOR PIESCIIIED CLIMI AND DESCENT TO SEA LEVEL) 

(430) 30 (450) 3000 (4 50) 3000 

360 30 380 2500 380 2500 

290 30 310 2000 300 2000 

220 30 230 1500 230 1500 

150 30 160 1000 160 1000 

70 30 80 500 80 500 

CRUISING AT 25,000 FT CRUISING AT 30,000 FT CRUISING AT 35,000 FT CRUISING AT 40,000 FT CRUISING AT '5,000 FT 
EFFEC, - EFFEC-

AP PR O .X IM AT E TIVE APPROXIMATE APPROXIMATE TIVE 
WIND WIND 

% G.S. U.NGE 
lfl. 

o::NOT5 ) % G.S. lfT % G.S. 
LET -

% G.S. RANGE 
LET - {KNOTS! % G.S. UNGE 

lfT • 
CAS LI/ HA DOWN CAS LB/ HR RANGE DOWN CAS LB/ HA RANGE DOWN CAS LB/ HR DOWN CAS LB/ HA DOWN 

RPM 
(KN} 

FACTO R DIST . RPM 
(IC N ) 

FACTOR DIST RPM (l( N ) FA(fOR DIST . RPM (KN) 
FACTOR otSf . RPM (kN) 

FACTOR OIST . 

260 91 2750 255 . 65 10 120 H.W. 245 93 2650 265 . 65 15 120 H.W. 

255 91 2650 290 . 75 10 BO H.W. 245 93 2650 305 . 80 15 BO H.W . 

245 90 2500 315 . 90 15 40 H.W . 240 93 2600 340 . 90 20 40 H.W. 

24 5 90 2500 355 1.00 15 0 235 92 2500 370 1.00 20 0 
- . - ---- ~ · 

240 89 2450 390 I. 10 15 40 T.W. 235 92 2500 410 1.1 0 20 40 T.W. 

235 89 2350 420 I. 25 20 BO T.W. 230 92 2450 445 I. 20 25 BO T . W. 

235 89 2350 460 I . 35 20 120 T.W. 230 92 2450 485 I. 35 25 120T.W . 

REMARKS, EXAMPLE LEGEND 

I. Climb at 100% rpm . U you are at 10,000 feet with 2500 pounds of 
EFFECTIVE W INO - H W . hEAO WINO ; T W , TAil WINO 

RANGE FACTOR - RATIO Of GROVNO DISTANC E TO AIR MllES 
2 . All distances and speeds are nautical units, available fu e l , you can fly 300 nautical air miles FO R C0RR[SP0ND1NG WINDS 

3 . Mult iplv a ll nau tical units by 1 . 15 to nhtain c;:; tatutP .1wits by holding 250 knots CAS . Howe ver , you ca n fl y G .S - GRO UND SPEED IN KNOTS 

(4) Dlvirte lb/ hr by 8 . 15 to obtaln gals/h r of 3GP23 (JP- 1) fue l. 360 nautical air miles by immediate ly climbing lo (AS - (.AllBRATEO AIRSPEED IN KNOTS 

Dhirte l b/hr by 7, 8 to obtain gals/h r of 3GP22 (JP-3) fue l. 30,000 !eel us ing 100% rpm. Al 30,000 !eel , ll 1HR - FUEL CONSUMPTION - POUNDS PER HOVR 

Div i de lb/h r by 7 . 2 to obtain itri. l s/hr o f 3GP25 gasoline. cruise at 235 knots' CAS and s tart letdown 20 RANGE - NAUTl(Al MllE S 

~. Mult iply j?allons by factor in Note 4 to obtain pounds . nautical miles from home . With an 80-knol head 
KN - KNOTS 
OPT . All - OPTIMUM .ALTITUDE 

6 . Multi p ly 362 lmp. gallons by fac t or in Note 4 to obta in maximum wind, lhe range at 30 , 000 !eel wou ld be . 80 x 360, DISTANCE - NAUTICAL MILES 
available fue l in pounds. or 290 nautica I miles . Cruise at 245 knots CAS 

with this wind and s tart letdown 15 nautical miles 
fr om destination . 

WADC 

F o rm 241N 
OATA AS Of 8-23 • 5! BASED ON FLIGHT TEST (11 Jun 51) 
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WAOC 
MODEL 

Form Z41M F-86E-15 
( 11 Jun 51) 

ENGINE(S), (1) 147-GE-13 

POWER TIME TAIL OIL 
% RPM PIPE PRESS, LIMITS LIMIT 

TEMP( C ) (PSI I 

MILITARY 30 100 690 50 

NORMAL NONE 93 655 50 

IF YOU ARE AT SEA LEVEL 

ltANGf IN AIR MILES FUEL 

8Y CRUISING OPT , ALT 8Y CRUISINQ (POUNDS) 

AT SL (1000 fT) AT OPT. ALT 

580 30 920 5400 

540 30 850 5000 

480 30 780 4500 

430 30 870 4000 

380 30 580 3500 

330 30 490 3000 

280 30 390 2500 

CRUISING AT SEA LEVEL 
EFFEC, 

APPRO XIMA TE TIVE 
WIND 

% RANGE lET· 
CAS RPM LB/ HR G.S. 

FACTOR 
ON (KNOTS) 

DIST. 

120 H.W. 

80 H.W, 

305 81 2950 265 . 85 0 ..0 H.W. 

280 78 2650 280 1.00 0 0 

265 77 2500 305 1.15 0 •O T.W. 

80 T.W . 

120 T.W . 

FLIGHT OPERATION INSTRUCTION CHART EXTERNAL LOAD ITEM 

STANDARD DAY TWO I 67 IMPERIAL 

(200 U S.) GALLON DROP TANKS 

CHART WEIGHT LIMITS, 17, 700 TO 14, 700 POUNDS NUMBER OF ENGINES OPERATING, 0 NE 

FUEL INSTRUCTIONS FOR USING CHART1 (A) IN FLIGHT - Select figure in fuel column equal NOTES: Range1 shown at optimum altitudes ore maximum. In order lo obtain PRESS to, or len than , fuel ovalloble for cruise (fuel on board minus allowance for reserve, combat, maximum range on flights requiring more than one cha rt (because of ex ternal (PSI) navlgotionol errors, for,notion flights , etc ). Move horizontally right or left to H!Ction accord- configuration or gron we ight changes), it is necenory to observe the opt1mvm 

'800 
Ing to present altitude and read total range available (no wind ) by cruising at that altitude cruising altitude on each chart; i.e ., when changing chorh, a climb may be 
or by climbing to another altitude of maximum range . For a fl ight at initial altitude, operol· required to obtain a maximum range . All range valves include allowon cei 
Ing Instructions ore given d irectly below. For o flight at higher oltitvde , climb i~me'd iofely for descent distance and fuel . Climb distance and fuel ore included where 

to des ired altitude and read cruising instruction in appropriate cruising altitude section . climbs ore indicated . 
400 (B) FLIGHT PLANNING - From initial fuel on board subtract fUel required for toke.off and 

climb to desired cruising altitude and all other necessary allowances. Th en use chart as DATA AS OF, 6-25-52 
for IN FLIGHT above, adding initial climb d istance to range va lues . DAT A BELOW CQN. 
TAINS NO FUEL RESERVE FOR LANDING. BASED ON, ESTIMATED 

LOW-ALTITUDE CHART 
IF YOU ARE AT 5000 FT IF YOU ARE AT 10,000 FT IF YOU ARE AT 15,000 FT IF YOU ARE_ AT 20,000 FT 

ltANQE IN AIR MllES RANGE IN AIR MILES RANGE JN AlR MIL ES FUEL RANCE IN A IR MILES 

ev CRUISING OPT. ALT ev CRU ISING IY CRUISING OPT. ALT IY CRUISING !Y CRUISING O PT . ALT 8Y CRU ISING 
(rOUNOS) !Y CRUISING OPT ALT !Y ( IIUISINC 

AT 5000 fT (1000 fT) AT OPT, ALT AT 10,000 FT (1000 FT ) AT O PT All AT 15,000 FT (1000 FT) AT OPT ALT AT 20000 FT (1000 H i AT OPT ALT 

(IANGE FIGURES INCLUDE ALLOWANCES FOR PRESCRIBED CLIMB AND DESCENT TO SEA LEVEL.) 

650 30 940 730 30 960 800 30 980 5400 880 30 1000 

600 30 870 670 30 890 750 30 910 5000 820 30 930 

550 30 780 610 30 800 680 30 820 4500 740 30 840 

490 30 890 550 30 710 600 30 730 4000 660 30 750 

430 30 600 480 30 620 530 30 640 3500 580 30 660 

370 30 510 420 30 530 460 30 550 3000 510 30 570 
310 30 420 350 30 440 390 30 460 2500 430 30 480 

CRUISING AT 5000 FT CRUISING AT 10,000 FT CRUISING AT 15,000 FT CRUISING AT 20,000 FT 

APPRO XI MA TE APPROXIMATE APPROXIMATE 
EFFEC-

TIVE APPR OXI M AT E 

LET· 
WIND 

LE! % RANGE 
LET, % RANGE 

LET - % RANGE % LB / HR G.S. RANGE ON CAS RPM LB/ HR G .S. ON CAS RPM LB/ HR G.S. 
FACTOR 

ON CAS RPM LB/ HR G.S. 
FACTOR 

ON 
(KNOTSJ 

CAS RPM fACl OII FACTOR 
DIST. DIST. DIST . DIST 

120 H.W . 310 89 2850 295 . 7 5 

320 86 2950 285 . 75 3 305 87 2750 300 . 75 5 80 H.W . 300 88 2700 320 . 8 6 

305 83 2800 285 . 90 2 305 85 2700 31U . 85 4 300 86 2650 330 . 90 5 ,0 H.W. 290 87 2550 345 . 9 7 

285 81 2650 305 1.00 2 285 83 2550 325 1.00 4 285 85 2500 355 1.00 6 U· 280 87 2450 375 1.00 8 

270 80 2450 330 I. 15 2 270 82 2400 350 I. 15 4 275 84 2400 385 1.10 7 •O T.W. 275 86 2350 405 I. I 9 

260 81 2300 385 I. 30 5 270 84 2300 415 I. 25 7 80 T.W. 270 86 2300 440 I. 25 10 

120 T.W. 265 85 2250 475 1. 35 II 
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HIGH-ALTITUDE CHART 
MODEL, F-86E-15 ENG, (1)° 147- GE-13 CHART WT LIMITS, 17,700 TO 14 , 700 LB EXT LOAD, TWO 167 IMPERIAL ( 200 U.S. ) GA LLON DROP TANKS NO. OF ENGINES OPERATING, ONE 

If YOU ARE AT 25,000 FT IF YOU ARE AT 30,000 FT IF YOU ARE AT 35,000 FT If YOU ARE AT -10,000 FT 

RANGE IN AIR MllES FUEL R.At,,IGE IN AIR MILES RANGE IN AIR MILES RANGE IN AIR MIL ES 

BY CRUISING OPT. ALT 8Y CRUISING (POUNDS) 

AT 2.5,000 FT (1000 FT) AT OPT. ALT 

960 30 1010 5400 

890 30 940 5000 

800 30 850 4500 

720 30 770 4000 

640 30 680 3500 

550 30 590 3000 

470 30 510 2500 

IIY CRUISING 
AT 30,000 FT 

1020 

950 

880 

770 

890 

-
900 

510 

OPT. ALT 
(1000 FT} 

BY CRUISING 
AT OPT. ALT 

BY CRUISING 
AT l.S,000 FT 

OPT . ALT 
(1000 FT) 

BY CRUISING 
..4.T OPT. ALT 

BY CRUISING 
AT 40,000 FT 

OPT . ALT 
(1000 ff) 

(RANGE FIGURES INCLUDE ALLOWANCES FOR PRESCRIBED CLIMB AN_D DESCENT TO_ SEA LEVEL.) 

30 1030 

30 960 

30 870 

30 780 

BY CRUISING 
AT OPT. ALT 

CRUISING AT 25,000 FT CRUISING AT 30,000 FT CRUISING AT 35,000 FT CRUISING AT -10,000 FT 
EFFEC-

APPROXIMATE TIVE APPROXIMATE APPROXIMA TE APPROXIMATE 
.WIND 

CAS I R~M I LB/ HR 
RANGE 

LET-
G.S. ON (KNOTS) 

F"CTOR DIST. 
CAS 

295 91 2650 305 . 70 7 120 H.W. 285 

285 90 2550 335 . 80 8 BO H.W. 28U 

280 89 2400 360 . 90 0 «> H.W. 275 

27~1 88 2350 395 1.00 10 a 270 

270 88 2300 425 1.10 II -10 T.W. 285 

265 87 2300 460 1. 20 12 BO T.W. 260 

260 87 22~0 500 I. 35 13 120 T.W. 255 

REMARKS, 
1. Climb at 100% rpm. 
2. All distances and speeds are in nautical units. 

% 
RPM 

93 

92 

92 

91 

01 

91 

90 

3. Multiply all nautica l unlts by 1.15 to obtain s tatute unlts. 

LB/ H~ I G.S. 

?.600 325 

2500 355 

2450 390 

2400 425 

2350 ·460 

2300 490 

2250 520 

4 . Divide pounds by 8, 15 to o btain gallon s of 3-GP-23A (MIL-F-5616) fuel. 
Divide pound s by 7, 8 to ob tain gallons of 3 -GP - ZZ (MIL-F-5624) !uel. 
Divide pounds by 7. 8 to obtai n gallons of 3-GP-ZZA (MlL-F-5 6Z4A ) fuel. 
Divide pounds by 7.2 to obtai n gallons of 3-GP-ZSA (MIL-F - 5572) fuel. 

5. Multiply µ lions by factor In note 4 to obtain oounds. 
6 , , Multiply 696 Imp. gallons by factor in note 4 to obtain maximum 

available fuel in pounds. 

DATA AS OF, 6-25 - 52 

BASED ON, 

LET­
RANGE I ON 
f.ACTOR DIST. 

CAS 
% 

RPM 
LB/ HR I G.S. 

LET­
RANGE I ON 
FACTOR DIST. 

CAS % 
RPM LB/ HR I G.S. 

LET· 
RANGE I ON 
FACTOR DtST . 

. 70 8 

. 80 10 

. 00 II 

1.00 1 12 

I. 10 li3 
1.20 114 
I. 30 18 

EXAMPLE 

U you are at 10,000 feet with 4000 pounds of available fu e l, you can 
fly 550 nautical air miles by holding 285 knots CAS. However , you 
can fly 710 nautical air miles by immediately climbing lo 30 , 000 feet 
using lOO'l, rpm. At 30, 000 feet, c ruise at 270 knots CAS and start 
letdown 12 nautical miles from home . With an 80-knot headwind, the 
range at 30,000 feet wo uld be 8 x 710 or 570 nautical miles. 
Cr¥lse a t 280 knots CAS with this wind and start letdown 10 nautical 
miles from destination. 

172-93-1572 

FUEL 

(POUNDS) 

5400 

5000 

4500 

4000 

3500 

3000 

2500 

EFFEC­
TIVE 

WIND 

(KNOTS) 

If YOU ARE AT •s.ooo FT 

UNGE IN AIR MILES 

BY CRUISING 
AT 4S,OOO FT 

OPT. ALT 
(1000 FT) 

BY CRUISING 
AT OPT. ALT 

CAS 

CRUISING AT •s.ooo FT 

% 
RPM 

APPROXIMATE 

LB/ HR I G.S. I RANGE 
FACTOR 

LEGEND 

LET­
ON 

DIST . 

EFFECTIVE WIND - H W .. HEAD WIND; T. W .• TAIL WIND 
RANGE FACTOR - RATIO OF GROUND DISTANCE TO AIR M1lES 

FOR CORRESPONDING WINDS 

G.S. 
CAS 
lB / HR 

RANGE 
OPT . ALT 
DISTANCE 

- GROUND SPEED IN KNOTS 
- CAll8RATED AIRSPEED IN KNOTS 

- FUEl CONSUMPTION - POUNDS PER HOUR 

- NAUTICAL MILES 
- OPTtMUM ALTITUDE 

- NAUTICAL MILES 

WADC 

Form l4IN 

( II Jw, 51) 
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WAOC MODEL 

~ 
Form HIM 

(11 J1&11 St) 
F-86E-15 

fNGINE(S), (1) 147-GE-13 
"-lj .... 
i 

POWER TIME 
TAil Oil 

LIMITS llMlT 
% RPM ~ .. PRESS. 

lfMI'( C) (PSI) 

111 

,I>, 
MILIT ... RY 30 100 890 50 

I .... 
,c NOR"""L NONE 93 855 50 ..... _ 

N Cl) 
0 i:r 
0 111 

c:::~ 
C/l .... 

e, If YOU "RE "T SEA LEVEL 

C') N IANGI! IN Atlt Mlll!S FUEL ~-
~ "-lj IV CltUISINO OPT . ALT IY CRUISING (POUNDS) 

Al SL nooo n, AT OPT. ALT .... 
~ .... 
~ l)Q 

~ ~ g' 
en 0 Cl) • "Cl 

~ 111 
l:tl I ., .... .... ~ (j 

~ .... 
~ • 0 

330 35 510 3000 

280 30 400 2500 

220 30 300 2000 

170 30 200 1500 

trl ~::, 
0 .... tl 0::, 110 10 120 1000 

'd ~ 
0 ., 90 500 

§ ~ 
0.. ::r. en 0 
0 ::, ., 

(j 
t"'i:l" 
111 ~ 
en ~ en 

I 

CRUISING "T SU LEVEL 
EFFEC· 

" PPROXIMATE TI VE 

LU-
WIND 

% IIANOE CAS LB/ HR G.S. ON RPM FACTOR DIST . 
(KNOTS ! 

~ 
~ 120 H.W. 
0 
.... 80 H.W, 

a-. 
~ 295 78 2700 255 . 85 0 ,o H.W. 

.... 
3 

"Cl 275 77 2450 275 1.00 0 0 

180 15 UDO 300 1. 15 0 •O T.W. 

80 T.W. 

120 T.W. 

( 

FLIGHT OPERATION INSTRUCTION CHART EXTERNAL LOAD ITEM 
TW O 167 IMPERIAL 

STANDARD DAY (ZOO U.S. ) GALLON DROP TANKS 

CHART WElGHT LIMITS, 14,700 OR LESS POUNDS NUMBER OF ENGINES OPERATING, ON! 

FUEL FUEL 
INSTRUCTIONS FOR USING CHART: (A) IN FLIGHT- S.led figure in fuel colunin .quol 

PRESS PRESS. ~~-~~~:~=~:: :hnofll;:~ ::~l~g a~~~8d:0::,:o,•~:(~~0o:,:·~/:.~~;~~~ (PSI) (PSI) 
lo, or leu than, fuel a vailable for cru ise (fuel on board minus allowance for re1ene, combat, 
na vigational errors, format ion fl ights, etc). Move hor izontally right or left to 1eetion accord- conAgurotion or gross weight changes), it i1 necH1or)' to obMrn the optimum 

600 
ing to p resent a ltitude and read toto l ra nge available (no wind ) by cruising at that altitude cruising a ltitude on ead, chart1 I.e ., when changing charts, a cl lmb may be 
or by climbing to a nother altitude of ma ximum range . For o flight at in itial altitude, operat- requ ired to obtain a maximum range. All range values Include allowances 
ing instructions ore given d irectly be lo w. For a fl ight a t higher altitude, cl imb immed iately for dHcent d l1tance and fue l. Climb d l1tonce and fuel ore included where 

to desired altitude and read cruising instr uction in appropriate cruising altitude 1ection, cl lmb, ore Indica ted . 
400 {8) FLIGHT PLANNING - Fro m initial fue l on boord subtract fuel required for toke-off and 

cl imb to desired cruising a ltitude and all othe r necessary allowances. Then use cha rt a, D"T" "S Of, 6- 25- 52 
for IN FLIG HT above, adding ini tia l clirr:b d istance to rang• values. DATA BELOW CON-
T AINS NO FUEL RESERVE FOR LANDING. 8"SED ON, 11:IITIMATSD 

172-93- 1573 

LOW-ALTITUDE CHART 
IF YOU ARE AT 5000 FT IF YOU "RE "T 10,000 fT If YOU "RE AT 15,000 FT If YOU "RE "T 20,000 FT 

RANGE IN AIR Mll ES RANGE IN AIR MllES RANGE IN AIR MILES FUEL UNGI! IN Allt MlUS 

BY CRUISING OPT. All BY CR UISING BY CRUI SING OPT. AlT BY CRU ISING BY CRUISING OPT . ALT IY CRUISING (l'OUNOS) IY CRUISING OPT . ALT l't' CRUISING 
AT S000 FT (1000 FT) AT O PT. ALT AT 10,000 FT (1000 FT) AT OPT. ALT AT 15.000 FT (1000 FT ) AT OPT. ALT AT 20,000 ,r (1000 m AT OPT, ALT 

(RANGE FIGURES INCLUDE "UOWANCES FOR PRESCIIIED CLIMI AND DESCENT TO SEA LEVEL.) 

380 35 540 420 35 580 470 35 570 3000 520 35 590 

310 35 00 350 35 450 390 35 470 2500 430 35 490 

250 30 320 280 30 340 320 30 380 2000 350 30 380 

190 30 220 210 30 :WO :WO 30 280 1500 280 30 280 

uo 15 140 140 15 150 180 20 180 1000 180 30 180 

80 70 80 500 90 

CRUISING "T 5000 FT CRUISING " T l 0,000 FT· CRUISING " T 15,000 FT CRUISING " T 20,000 IT 

" PPROXIMATE "P PROX IM " TE AnR O X I M" TE 
ffffC. 
TM " PPROXIM " TE 

l ET. l ET· LET, 
WINO l!T , % RANGE % RANGE % ....... % RANCE CAS LB/ HR G.S. ON CAS LB/ HR G.S. ON c"s LB/ HI! G.S. ON c"s LI/ HR G.S. ON RPM F-ACTOll DIST . 

RPM FACTOR DIST. 
lll'M fACTOtl DIST. 11CNOIS) RPM FACT OI 01ST 

120 H.W. 295 88 2450 270 • 85 5 

300 83 2800 285 • 75 3 290 84 2400 280 • 75 5 _, H.W. 280 85 2200 295 . 75 8 

285 10 2500 270 . 85 2 280 81 2300 280 , 85 4 275 83 2200 300 . 85 5 40 H,W, 270 84 2100 320 . 85 7 

285 78 2250 285 1.00 2 280 80 2100 300 1.00 4 280 82 2050 325 1.00 8 0 260 83 2000 345 1.00 8 

250 78 2100 305 1.15 2 245 79 2000 325 I. 15 4 250 81 1950 350 1.15 7 ..0 T.W. 250 83 1950 375 I. 15 a 

235 78 1950 355 I. 30 5 240 80 1900 380 I. 30 8 10 T.W. 240 62 1900 405 1. 25 10 

120 T.W. 235 82 1850 440 1.40 11 
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HIGH-ALTITUDE CHART 
MODEL, F-86E-15 FNG, (ll 147-GE -13 CHART WT LIMITS, 14 . 700 OR LESS LB EXT LOAD· TWO 100 IMPERIAL .(120 U.S.)GALLON DROP TANKS NO. OF ENGINES OPERA TING, ONE 

IF YOU ARE AT 25,000 FT IF YOU ARE AT 30,000 FT IF YOU ARE AT 35,000 FT IF YOU ARE AT 40,000 FT 

RANGE IN AIR MllES FUEL RANGE IN AIR MILES RANGE IN AIR MtlES RANGE IN AIR MllES 

BY CRUISING 
AT 'lS,000 FT 

OPT . ALT 
(1000 FT) 

B'r CRUISING 
AT OPT. ALT 

(POUNDS) BY CRUISING 
AT 30,000 fT 

OPT. ALT 
(1000 FT ) 

BY CRUISING 
A T OPT. ALT 

BY CRUISING 
AT JS,000 FT 

OPT All 
(lOOO fl ) 

BY CRUISING 
AT O PT . "lT 

SY CRUISING 
AT •o.ooo FT 

OPT . All 
( 1000 FT) 

BY CRUISING 
Al OPT. Alt 

570 35 920 

4'0 35 510 

380 35 400 

280 30 300 

190 30 200 

100 

CRUISING AT 25,000 FT 

APPROXIMATE 

3000 

2500 

2000 

1500 

1000 

500 

EFFEC­
TIVE 

WIND 

I 
(RANGE FIGURES INCLUDE ALLOWANCES FOR PRESCRIBED CLIMB AND DESCENT TO SEA LEVEL.) 

610 35 630 650 

510 35 520 540 

410 35 410 440 

310 30 310 330 

210 30 210 220 

I I I I I 110 110 

CRUISING AT 30,000 FT CRUISING AT JS,000 FT CRUISING AT 40,000 FT 

APPROXIMATE APPROXIMATE APPROXIMATE 

CAS 
% 

RPM 
LB/ HR G.S. 

LET· 
RANGE I DN 
FACTOR DIST. 

(KNOTS) C\S 
% 

RPM 
LB/ HR ,I G .S. 

lET· 
RANGE I ON 
FACTOR 01ST. 

CAS 
% 

RPM 
LB/ HR G.S. 

LET­
RANGE I DN 
FACTOR DIST . 

CAS 
% 

RPM 
LB/ HR 

LU. 
I RANGE I ON 

G.$. FACTOR DIST. 

280 

270 

88 

ae 
2eo I 8e 

2so I 85 

:MS 85 

:WO 84 

235 84 

REMARKS, 

2300 285 

2100 310 

2000 335 

.es 1 

. 75 8 

. ao o 

120 H.W. 

BO H.W. 

270 

280 

89 

88 

40 H.W. I 255 I 88 

1950 I 370 I 1. oo 110 I O I 250 I 87 

1900 400 1. 10 11 40 T.W . 245 87 

1850 430 1 , 20 13 BO T.W. 240 87 

1800 465 1. 35 14 12D T.W. 235 88 

2150 I 300 I . 70 I 8 

2050 330 . 80 10 

260 

250 

93 

92 

2000 I 360 I . 90 111 I 24 5 I 91 

2150 I 320 . 70 110 

2050 I 350 . 80 111 

2000 I 380 . 90 I 13 

1950 I 390 11. oo 112 I 240 I 90 I 1950 I 415 I 1. oo I 14 

1900 1425 11.10 113 1240 I 90 11950 1450 1 1.10 115 

1850 1480 11.20 114 1235 1 90 11900 1485 1 1.20 117 

1800 495 1. 35 16 235 90 1900 525 1. 30 19 

EXAMPLE 
1. Cllmb at 100% rpm . , 
2. All distance S and speeds are in nautical units. 
3. Multlply all nautical units by 1. I 5 to obtain statute units . 
4 , Maximum exhaust temperatur; ·6 55° C. 

Divide pounds by 8. 15 to obtain gallons of 3-GP - ZlA (M IL-F -56 16) fue l. 
Divide pounds by 7. 8 to obtain gallons of 3-GP-22 (MIL-F- 5624 ) fu e l. 
Divide pounds by 7. 8 to obta i n gallons of l-GP - 22A (MIL-F - 5 624 A) fu e l 
Divide pounds by 7. 2 to obta i n gallons o f 3-GP-ZSA fMJL - F - 55 72 ) fuel. 

5. Multiply gallons by factor in note 4 to obtain pounds. 
6. Multl p ly 362 Imp. gallons by fa c to r in n ote 4 t o obta i n maximum 

~vailable fuel in pou nds . 

U you are at 10, 000 f~et with 2000 pounds of available fuel, you can 
fly 280 nautlca I air miles by holding 260 knots CAS . However , you 
can fly 340 nautical air miles by immediately climbing to 30, 000 feet 
using 100'1, rpm. At 30, 000 feet , cruise at 250 knots CAS and start 
letdown 12 nautical miles from home . With an 80-knot headwind, the 
range at 30 000 feet would be . 8 x 340 or 270 nautical miles. 
Cru1se at 260 knots CAS with this wind and start letdown 10 nautical 
miles from destination. 

I 

FUEL 

(POUNDS) 

3000 

2500 

2000 

1500 

1000 

500 

EFFEC· 
TIVE 

WIND 

(KNOTS) 

120 H.W. 

80 H.W. 

40 H.W. 

40 T.W. 

BO T.W . 

120 T.W . 

IF YOU ARE AT 45,000 FT 

RANGE IN AIR MILES 

BY CRUISING 
Al 45,000 FT 

OPT . All 
(1000 fT ) 

&Y OUJISING 
AT OPT. All 

CAS 

CRUISING AT 45,000 FT 

APPROXIMATE 

% 
RPM 

LEGEND 

LET· 
LB/HR I G .S. I RANGE I ON 

FACTOR DIST . 

EFFECT IVE WINO - H W HEAD WINO; T.W ., TAil WINO 

RANGE FACTOR - RATIO O F GROUND DISTANCE TO AIR MILES 
FOR CORRESPONDING WINOS 

G.S. 

CAS 

U / HR 
RANGE 
OPT All 
DISTANCE 

- GROUND SPEED IN KNOTS 
- CAU8RA TEO AIRSPEED IN KNOTS 

- FUEL CONSUMPTION - POUNDS PEA HOUR 
- NAUTICAL MILES 

- OPTIMUM ALTITUDE 

- NAUTICAL MILE S 

DATA AS OF: 6-25-52 

BASED ON, ESTIMATED DATA 

FUEL GRADE, 

FUEL DENSITY, 

WADC 

Form 241N 

(IIJw,SI) 
172-93- 1574 

' 

M~ 
0~ 
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chart in the column under the_! new altitude. 
When changing charts, refer to cruising inst­
ructions on the new chart at the new altitude of 
flight. For absolute maximum range, climb 
(using military power) to the altitude at which 
maximum rate of climb is 500 feet per minute. 
Hold . 75 Mach number and 93% rpm constant, 
allowing aircraft to seek its own altitude. 

Sample Problems Based on 3-GP-22a 

(JP-4) Fuel 
Problem 1 
2 7 To illustrate use of the charts for planning 
a flight, suppose an aircraft must be ferried 
5 00 nautical miles. For unexpected difficulties, 
a general reserve of 900 pounds (115 Imperial 

gallons) is considered necessary. 

28 From the Flight Operation Instruction 
Charts, it is apparent that drop tanks must be 
carried. It is desired to keep the tanks. Use 
of 100 Imperial (120 U.S.) gallon drop tanks 
will give a maximum fuel capacity of 562 
Imperial gallons x 7. 8 (pounds per gallon 
3-GP-22a (JP-4) fuel) or 4383 pounds, The 
initial, known conditions are as follows: 

(a) Required range 500 nautical miles 

(b) Effective winds 40 knot head wind at 
30, 000 feet and .below 
80 knot head wind at 
35,000 feet 

29 From the Climb Chart and the Flight Operation Instruction Chart 
for 100 Imperial (120 U.S.) gallon drop tanks the following data is 
obtained. 

(a) Cruising Altitude ...................... 

(b) Fuel Capacity, pounds ( determined in 
Paragraph 28) ................... '- .... 

(c) Reserve Fuel pounds (determined in 
Paragraph 27) . ....................... 

(d) Fuel used to altitude, pounds (climb 
at 100% rpm) ........................ . 

(e) Available cruise fuel, pounds (b-c-d) 

(f) Cruise and descent air distance 
(interpolate as necessary) ............. 

(g) Range factor .......................... 

(h) Cruise and descent ground distance (fxg). 

(j) Nautical miles cove red in initial climb ... 

(k) Nautical miles ground range (h + j) .. .. .. 

30 Therefore, the flight can be made at 
25, 000 feet or higher. The cruise airspeed 
at 25, 000 feet for a 40 knot head wind, while 
within the weight limits of 16,400 and 14,600 
pounds, is 2 70 knots CAS . However when the 
weight has decreased to 14,600 pounds or less, 
the cruise a irspeed is 260 knots CAS. The 
letdown would begin 9 nautical miles from 
destination. 

20,000 25,000 35,000 

4,383 4,383 4,383 

900 900 900 

740 890 1,260 

2,743 2,593 2,223 

495 510 520 

.9 9 . 8 

445 460 415 

35 50 100 

480 510 515 

Problem 2 
31 Suppose that during the de scent at the end 
of this theoretical flight, the pilot has reached 
5 000 feet when he learns that the field is closed, 
and he must use an alternate airport some 100 
nautical miles further on. Fuel remaining is 
only the 900 pounds originally planned for gen­
eral reserve. Reference to the Flight Operation 
Instruction Chart for 100 Imperial ( 120 U.S.) 
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gallon drop tanks shows that with the existing 
head wind and the empty tanks still on, avail a ble 
range with 1000 pounds of fuel is approximate ly 
110 nautical miles at 5000 feet ( 135 at optimum 
altitude, 20,000 feet) with no reserve f or 
landing. Itisevident, therefore, thattheempty 
drop tanks should be jettisoned immediately. 

32 Reference to the Flight Operation Inst­
ruction Chart for No External Load shows that 
even without the drop tanks only 125 (. 85 x 150) 
miles can be covered at 5000 feet with 1000 
poun<;ls of fuel and a 40 knot head wind. How­
ever, by climbing immediately to 25,000 feet 
(optimumaltitude)at 100% rpm, a range of 180 
miles with zero wind or 160 (180 x. 90) miles 
with existing 40 knot head wind can be attained. 
At 25,000 feet, the cruise conditions will be 
285 knots CAS, 1 700 pounds per hour fuel flow, 
370 knots ground speed and letdown begun 15 
miles from destination. 

33 Since the required range is only 100 
nautical miles, the difference between 160 a nd 
100 miles is the reserve which, expressed in 

tim e i s (60 mile s - 370 k nots ground s pee d = 
• 16 h our o r 9 . 5 minutes ). The c orr espon din g 
fue l r ese rve is 270 pounds (. 16 hour x 170 0 
pound s p e r hour). However, this was fi g ured 
for 1000 pounds of fuel a t 5000 fe e t and onl y 
900 pounds was a v a ila ble , so the landing r ese rv e 
will b e 100 pounds less, or 170 pounds. 

34 Judging from this s ampl e problem, w h e n 
itisneces sarytoobtain m aximum r a n ge on the 
fuel available, climb immediately to optimum 
altitude and, i f neces sa ry, j e ttison empty drop 
ta nks . It i s furthe r pointe d out tha t wh e n 
ope r a ting on a limite d f u e l re s erve , it i s bes t 
to d e t e rmine th e condition of the inte nd e d d es ­
tination before descending from a ltitude . In 
this probl e m, w ith 100 0 pounds of fuel avai l a ble 
at the c ruisin g altitude of 2 5, 000 fe et, by 

1 
referenc e to the F li ght Op e ration Instru c tion 
Chart, it i s s ee n tha t th e range with 100 
Imperia l ( 12 0 U. S . ) gallon drop tanks at e xisting 
40 knot he a d w ind i s 190 (210 x . 90) n a utical 
mile s , and w ithoutthe drop tank s 215 (240x. 90) 
nautic a lmile s . By s ta yingat a ltitude, alanding 
res e rve of a p p roxim a t e ly 400 pounds r e m a ins 
at the alterna t e airport. 
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