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SECTION I

INTRODUCT ION

This book has been written to provide the Purchaser's Operating Personnel
with complete instructions for the assembly, operation, and maintenance of the
Martin Model 139-W Bombardment Airplanes. The Glenn L. Martin Company assumss
no reapongibility for parts rendered defective by operation or maintenance
procedure contrary to the instructions contained herein,

The maintenance procedure for a number of items is dealt with in publica-
tiong issued by the manufacturers of such items. BSuch publications are referred
to in this Handbook when they contain instructions applicable to the specific
installations in this airplane. Copies of several such publications are furnished
with this handbock under separate cover., A complete list of the publications in-
cluded will be found at the end of this voluem (Appendix [T),

Materials and processes reqguired to maintain these airplanes are designated
herein by the number of the U.3. Govermment Specification covering such material.
Copies of the specifications referred to will be found under separate cover
titled "Detail Army and Federal Specifications for Model 139-W Handbook."

The full model designation and serial number of each airplane is stamped on
the trade mark name plate located in the pilot's cockpit. Correspondence pertain-
ing to a particular ship should mention the model and serial number. If a particu-
lar part is being discussed the part number should always be given, 1f possible.
Identification plates will be found on all major assemblies,

As some of the parts used in this airplane are designated by "dash" numbers
of drawings for previous models, the list of drawings in Appendix III should be
consulted as a final check in determining the applicable drawing number. (These
numbers are also shown in a Group Parts List furnished the purchaser of the air-

planes. )
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Section IT

Description

General Dimensions

Overall Span 70 Ft. 10% in. (21.6 m.)
Overall Length 4y Ft. 25 in. (13.47 m.)
Overall Height, thrust line level

(to top of Rudder) 16 Ft. 9 in. (5.03 m.)

Overall Height, at rest (top of windshield) 11 Ft. 4 in. (3.45 m.)
Overall Height at rest including radio mast 53 S T 3. bl . )

Height, propeller hub, thrust line level 6 Ft. 9-9/32 in. (2.06 m.)
Fugelage clearance, propeller tips OFt. 7 in. (.18 m.)

Tail Wheol
Size of tire 13¢ In. Streamline (33.6 cm.)

Landing Gear

Tread 16 Ft. 0 in. {4.88 m.)
Axle centerline aft of leading edge 26-3/4 In. (.68 m.)
Size of tire 45 In. Streamline (114.3 m.)
Wings
Airfoil Section Gottingen 398 Modified
Total arsa including aillerons and .
gection within fuselage 682 8q. Ft. (63.4 sq. m.)
Chord root 150 In. (38l cm.)
tip 54 Tn. (137 cm.)

Dihedral of upper surface [(measured
at 30% of chord from leading edge)

Center Panel o°
Outer Panel 1@
Incidence, thecretical chord line e

Angle of Bweepback-Outer Wings 14° - 10°
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&;ercm

Area to hinge Centerline of each alleron
Area of balance of each aileron
Area of both allerons, including tabs
Tabs

Area, each, aft of hinge

Horizontal Stabilizer (Fixed)

Overall Span

Total area, to leading edge of elevator
and including Fuselage

Incidence

Elevators

Area, both elevators, to hinge center-
line, including tabs

Area of Balance, total

Area, total, including tabs

Area, four tabs

Vertical Stabilizer

_ Area
Rudder

Area to hinge centerline including tabs
Area of balance

Area, total, (including tab.)

Area, Tab

20,94 Sq. Ft. (1.9% sq.
5.06 Sq. Ft. ( .47 sq.
52.02 Sq. Ft. (L.84 sq.

.43 8q. Ft. ( .04 aq.

20 Ft. 2 in. (6.13 m.)

57.76 Sq. Ft. (5.21 sq.
Negative 13°

48.78 Sq.
8.58 8q.
57.36 Sq.
3.62 8q.

20.51 Sq.

18.45 Sq.
4.50 Sq.
22.95 8q.
1.54 8q.

Ft. (4.53
Fte [ 50
Ft. (5.38
Ft. ( .34
Ft. (1.90
Pbe (171
Ft. ( .42
Ft. (2.13
Ft. [ .22

8q.
8q.
8q.
8q.

8q.

8q.
8q.
8Q.
8q.

m. )

BEEE

S5 BB

-

e S e S
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Weights Overload Normal Useful Load
Pounds Kilograms Pounds  Kilograms
Weight Empty 10003 L5%7.3
Crew
L at 200 pounds (90.7 kg.) 800 362.9
Fuel
Main Tanks 113 Gals per tank (428 liters)
including reserve of 40 gals. (151 liters) 1356 615.1
Auxiliary Tanks 290 gals. (1097 liters) 1740 78.9
Bomb Bay Fuel (250 gal.) (946 liters) 1500 680
0il
Normal Load 21 gals. (79 liters) 157.5 71
Auxiliary 48 gals. (182 liters) 360 163.3
Armament
Installation of three flexible guns and
1500 rounds of Ammunition 272.7 124
Bombs 2-1100 1b. (500 kg.) incl. shackles 2265.4 1027.6
or 3-600 1lb. (270 kg.) incl. shackles 1882.2 853.7
or 5-300 1b. (135 kg.) incl. shackles 13585 652.5
or 9-100 1b. (45 kg.) incl. shackles 1104.3 500.9
Bomb Racks and Controls (Internal) 129.5 58T
Bomb Sight and Mount (Provision only) 16.4 7.4
FEquipment :
Communication
Radio and Wiring 219.0 99.3
Antenna 9.5 4,3
Interphone ' 12.5 5T
Oxygen Equipment 68.5 0
Signal Equipment (Pyrotechnics) 5%, 0 24,0
Miscellaneous 36.5 16.6
Special Equipment
Life Raft 59.0 26.8
Automatic Pilot 83 38
Exhaust Gas Analyzers 21 G5
D3 Refueling Pump 11.6 5235
Non-Removable parts of Bomb Bay Fuel Tank 8.0 3.6
Supercharger Pressure Regulator 18.3 &.5
External Bomb Rack Controls oy .7 £l
Engine Synchroscope 1.4 6
Fuel Pressure Warning Unit 2.0 e
Loading
Normal Military Useful Load 5328.0 2416.7
Total Weilght Fully Loaded 15331.0 6954.0
Wing Loading Normal Load 22,48 1bs./sq.ft. 109.74 kg./sq.m.
Power Loading Normal Load 9.02 1bs./h.p. 4,09 kg./h.p.

The weights given in the normal weight column represent the usual military
load. ©Special loads may be figured for any permissible combination from the weights
given in the overleoad weight column. Special instructions for operating the airplane
with gorss weight are contained in Section II-A.
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Section IT-A

Special Piloting Instructions

A. General Notes

Although the following instructions pertaining to the engines will
not be found to conform strictly with those given in the general handbook issued
by the Wright Aercnautical Corporation, those shown here are best suited to this
particular model of engine as installed in this airplane. These special instruc-
tions have been approved by the Wright Aeronautical Corporation.

This section of the Maintenance Manual 1s included in order that
station crew chiefs and mechanics may familiarize themselves with the operating
requirements of the airplane and thereby acquire a more thorough understanding
of the proper functioning of certain accessory items. A cross reference is made
to several Sections and Paragraphs of the Manual wherein a more detailed descrip-

tion of the subject data is teo be found.

A duplication of this Section is printed and bound separately under
the title "Pilot's Manual", coples of which are furnished the users of these

airplanes.

This airplane is equipped with the latest available types of acces-
sorles and equipment to increase its performance and efficiency of operation.
It 18, therefore, most important that pilots thoroughly familiarize themselves
with the principles of operation and with the manipulation of these accesasories in
order that the full capabilitiez of the airplane may be utilized. Particular
attention must be given to the correct cruising settings of throttles and super-
charger controls (controlling manifold pressure), constant speed propellers
(controlling engine speed), and mixture controls as indicated by the Cambridge
Exhaust Gas Analyzer to attain optimum cruising range and efficiency.

Figures 4, 4A and 5, provide a ready means for the users of this air-
plane to familiarize themaelves with the arrangement of all the pilot's instru-
ments. The pilot should make a thorough study of the Figures and the following
pages of these "Pilot's Instructions" prior to his first flight in the airplane.
This should be done both away from the airplane and while sitting in the cockpilt
where the operation of certain items may be studied. Particular attention shounld
be paid to the Warning Notes contained throughout these instructions.
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Power Plant Specifications (Wright "Cyclone" GR-1820-G5; Spec. 286-Q)

(a) Engine Details

Compression Ratio
Supercharger Gear Ratio
Propeller Gear Ratio

Rotation of Prop. Shaft (from rear end)

Diameter of Propeller

Propeller

Type-3 blade, 20° Constant Speed,
Feathering, Electric control.

Blade Setting

*Fuel, Grade Required
#0il, Grade Required

(b) Engine Ratings

6.45:1

Todee I vand. 10201

16:11

Clockwise

3t P B 1n: (%350 1)

Curtiss-Wright Corp.
(Propeller Division)

Low pitch 20° (at 42 in. Sta.)
High pitch 40°%(at 42 in. Sta.)
87 Octane (W.A.C. Spec. 5803)
120 (W.A.C. Spec. 5817-A)

: Btake | Crank- Super
(Subject to +23% variation) Horse- Shaft | Alt. |Manifold Pressure|Gear
: Power | RPM. Ft.) | (In.Hg.)[(Cm.Hg. ){Ratio
Maximum for Take-Off 350 2200 2., 39.5 100.33 [7.1%
Maximum for Protracted Periods 850 2100 S.L. 55T 90.67 |7.14
Maximum for Protracted Periods ' -
(Low Blower) 850 2100 | 6000 3k.0 86.36 (7.14
Maximum for Protracted Periods
(High Blower) 750 2100 | 15200 355 85.09 10
Cruising Limits (Max.) €00 1900 | Any =
Recommended for Cruising 500 1850 | Any = = %

For FUEL, 0IL, and CYLINDER HEAD TEMPERATURES see details in paragraphs E
(Warming Up), F (Take-Off), and G (Climb).

(d) 0il Consumption (both engines)

At 2100 R.P.M,
At 1850 R.P.M,

Wote:
W.A.C. Bulletin 308.

The oil requirements for Wright Cyclone "G
This bulletin will be kept up to date by the Wright Aeronautical

Fuel consumption data are given in Graphs 1 to 8 at the end of this section.

6.0 Gal./Hr. (22.8 Li./Hr.)
3.0 Gal./Hr, (11.4 Li./Hr.)

"G" series engines are covered in

Corp. and will include any oils in addition to those listed in the Mailntenance Manual

as they are approved in accordance with W.A.C. Specification 5817-A.

It is desired

that the engine operators keep in touch with the Wright Aero. Corp. relatlve to addi-
ticnal oils that may be available in the operator's territory.
For oils already approved per Wright Aeronautical Corporation Bulletin No. 308,

gee Appendix IV of Maintenance Manual.
liote:

Except in abnormally cold or hot climates, Grade 120 S.A.E. oil, W.A.C.

Spec. 5817-A 1z recommended for year around use.
NOTE: Gasoline having a lower than 87 octane rating should not be used except in

emergency.
be avoilded.

If used, full throttle and high supercharger ratio operation should

#8411 referenced =mecificatines will he found undsr a sensvate cover titled U.S.
Government Specifications, covering lubricants and compounds as listed in the

Maintenance Manual.
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The following performarce data ia based on the gross welghts listed in the "Detail

Specifications"
airplane.

Actual Weights in paragraph A-3(g-1).

and in the Acceptance Demonatration of Performance for the 139-WH3
These weights do not include the Special Equipment items listed under Detail
Therefore, the weights for the performances

listed below do not agree with the actual weights as determluned by weighing the air-

plane with all

special equipment included.

24 Performance ?ummary
(a) Normal Gross Weight (Without Special Equipment). . 6982,
Engine Critical Altitude . LE32,

ance 1is made for fuel required to c¢limb te 3505 meters
ances correapond to the handbook curves
engine specification

High Speed at Engine Critical Alt1tude(750 BHP/Eng ) 387

High Speed at Sea Level (850 BHP/Engine) . . 348
High Speed in Level Flight (750 BHP/Engine). . . . . 396
Altitude for High Speed in Level Flight . 5364,

Minimum Time to Climb to 3,048 meters(10,000 ft.). . 5
s B8,

Climb in First Ten Minutes .

Maximum Rate of Climb at Sea Level o o - 9.
Maximum Rate of Climb at Firat Engine Crltlcal Alt 8.
Best Climbing Speed at Sea Level (True). . 206
Begt Climbing Speed at Critical Altitude (True). . 224
Service Ceiling (2 Engines)(Low Blower). . 8702,
Absolute Ceiling (2 Engines)!Low Blowerj. . 91%6.
Absolute Ceiling (1 Engine). - . & @ . 4166
Takeoff Ground Run {950 BHP/Englne) 220
*Stalling Speed with High Lift Devices 104,

*With Normal Groas Weight minus bombs and 5 fuel and oil.

(12456 1bs.)

RANGE AND ENDURANCE**

6 kg.

T
km. /hr.
km. /hr.
km. /hr.

1 m.

2 min.

8 m.

39 m/sec.

78 m/sec.
km. /hr.
km. /hr.

L m,

2 m,

0 m,
m.

5 km./hr.

Gross Weight =

(15551 1bs.)

(15200 ft. )

( 2L0.5 mph.)

( 216 mph.)

( 246 mph.)

(17600 ft.)

(15000 ft.)

( 1850 ft./min.)

( 1730 ft./min.)

( 128 mph.)

{ 3139 mph )

(28200 ft. )

(29800 ft. )

(13500 ft. )

{ 721 ft )

( 65 mph.)
56L0 kg.

115

fuel consumptions.

00 feet),

Metric|Englishf Metric|Englishf] Metric|English
Gross Weight - kg, (1bs.) 6952.6] 15331 7838 7284 || 8273.6| 1824k
Fuel Carried - liters (gals.) 854 226 1953 516 || 2899 766
Maximum Range at 3505 meters :

(11500 ft.) - km. (mi.) 1507 812 || 2818 1758 || 4055 2520
Maximum Endurance - hrs. 6.06 19,69 18.52
Average speed - km./hr (mph. ) 216 | 134 2o | 139 219 | 136
Range at Operating Speed at 3505

m. (11500 ft.)-km. (miles) 1188 738 2607 1620 | 3860 2400
Endurance at Operating Speed-hrs. L .45 .54 15,
Operating Speed-km./hr. (mph.) 274 170 " 4 170 258 160

(Emergency Only)

Range at High Speed at 3505 Im. ”

(11500 f£t,)-km. tmi.) B 3U6 1258 782 | 177C 1100
Endurance st High Speed-hrs. 1.54 3 L8 i 5.18
Average High Speed-km./hy. (mph.) 2602 | 004, 8 360 | 224 .20 360 | 224

**Congervatively estimated with weight of bombs included for complete flight. No allow

Ranges and eadur-

which are based on flight test performance and
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3. Weight Data

The following weight data is provided to ascertain the load condition for any
type of mission. Before flight operations are started, a comparison of the airplane
with these data is very ilmportant.

(a) Detail Actual Weights

(1) Normal Useful Load (with Special Equipment) 5625.5 1bg. (2551.7 ka.
Crew (4 at 200 1bs. each) 800 1bs. ( 363 ka.
Fuel (226 gal. at 6 1bs./gal.) 1356 1lbs. ( 613 kg.)
0il (21 gal. at 7.5 lbs./gal.) 157.5 168, ( 7T X&)
Armament- - - - - - - - - - - - - - - - - - - - o - - - 2684  1bs. (1217 kg.)

Flexible Guns Complete (3) 272.7 1bs. ( 124 kg.)
Bomb Installation 2411.3 1bs. (1094  kg.)
Equipment - = = = = = = = = = = 4 % = 4 % = = = = = - = 350.5 1bs: ¢ 150 Xg.)
Radio and Communicating 241 1bs. ( 109 kg.)
Flares and Signals (Pyrotechnic) 55 1lbs. ( 24 kg.)
Miscellaneous 36.5 1ba. [ 17 kg.)
Special Equipment (not included in Detail Specs.) - - - 297.5 lbs. { 135 kg. )
'~ Automatic Pilot 8 1lbs. ( 38 kg.)
Exhuast Gas Analyzer 21.0 lbs. ( 9.5 kg. )
D-3 Refueling Pump 11.6 1bs: { 5.3 ka.)
Life Raft (Inflatex) 59 lbs. ( 26.8 kg.)
Non-Removable parts of Bomb Bay Fuel Tank 8 1lbs. { 3.6 kg.)
Supercharger Pressure Regulator 18.3 1bs. ( 8.3 kg.)
Oxygen Equipment 68.% Ibgs ( 31.1 kg.)
External Bomb Rack Controls 2k, T 1ha. { 13,2 kg.)
Engine Synchroscope Lol T | 6 kg.)
Fuel Pressure Warning Unit 2.0 1ba. | .9 kg.)

(2) Overload (Increased Range with Bombs) - - - - - - - - 7515.5 1ba. (3409 kg.)
Crew (4 at 200 lbs. each) 800 1lba. ( 363 kg.)
Fuel (516 gal. at 6 lbs./gal.) 3096  1lbs. (1404.3 kg.)
0il (41 gal. at 7.5 lbs./gal.) 3075 Ths. ( 3139.5 kg.)
Armament _ 2684  1bs. (1217 kg.)
Equipment :Includes Special Equipment) 628.0 1bs., ( 285 ka.)

{3) Overload (Maximum Increased Range with Bombs) - - - - - 8411.6 1bs. (3815.4 kg.)
Crew (4 at 200 1bs. each) = ' _ 800 1bs. ( 363 kg.)
Total Fuel (766 gal. at 6 1bs./gal.) . 4596  1bs. (2085 kg.)
Bomb Bay Fuel Tank (250 gal.)--without fuel 135 1bs., { 6&l.2 kg )
0il (48 gal. at 7.5 lbs./gal.) 360 1bs. ( 165 kag.)
Bomb Installation (incl. External Racks) 369.9 1bs. ( 167.8 kg.)
Equipment {Includes Special Equipment) 628.0 1bs, ( 285 kg.)
Armament (3 Flexible Guns Complete) 272.7 1bs. ( 124 kg.)
Bombs (2-625 1lbs.) on External Racks 1250.0 1bs. ( 567 kag.)

(4) Overload (Maximum Armament)- - - = - « = = = = - = - = = 8777.0 1bs., (3981.2 kag.)
Crew (4 at 20D lbs. each) 800 ' 1bs. ( 3%362.9 kg.)
Total Fuel (326 gal. in Wing Tanks) 1956.0 1bs. ( 887.2 kg.)
011l (30 gal. at 7.5 1bs./gal.) 225.0 1bs. ( 102.1 kg.)
Armament (3 Flexible Guns) 272,77 1ba. ( 124.0 ka.)
Internal Bomb Instsllation and 2-1100 1b. Bombs 2411.% 1bs. (1093.7 kg.)
External Bomb Installation and 2-1100 1b. Bombs 2u84.0 1bs. (1126.7 kg.)
Equipment (incl. Special Equipment) 628.0 1bs. ( 285.0 kg.)

(b) Gross Weignts . '
(1) Normal Cross Weight (with Special Hguipment) 15628.5 1lbs, (7088.9 ka.

(2) Overload Gross Weight (Increased Range) : 17518,5 1lbs. (7946.2 ka.

(3) Overload Gross Weight (Maximum Increased Range) 18414,6 1bs. (8352.7 ka.

(4) Overload Gross Weight (Maximum Armament ) 18780.0 1bs. (8518.L4 ka.

(5) Weight Empty _ 10003.0 1bs. (4537.3 ka.

N

e
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(c) Load Factors

The airplane structure is designed for a gross weight of 15,400 1bs.
Pogitive load factors have been maintained with the above gross weight for all
"U.8. Air Corpa" reguirements, including gust conditions combined with diving
speeds up to and including 260 m.p.h. true speed. In addition to this, the
airplane shall be designed for a steady dive speed of 300 mph with a load factor
of 3.0 including the standard material factor of safety.

Design Load Factors based on the Normal Gross Weight of 15400 1bs., (6985 kg.)

Pogltive High Angle- =« & — = - = & = @ w o & & & = & = o = = & = -~ = = = 5.5
Pogitive Low Angle - ~ = = = = o0 = 0 = = = =& & & & = = = = = = = = = = = 5.5
Negative Low Angle - - = = =~ = = = = = = = = = =« = @ = = = = =« - = = - = 3.0
Negative High Angle- - - = - = = = = = = = = = = = = = = = =« = = = = = = 3.0
Factor for Steady Dive at the Maximum allowed Diving Speed of 300 mph,

(IR0 Memy )= = = = o om = = O i 3.0
Landing based on 13140 1bs. (5960 kg.) = = = = = = = = = = = = = = « - - 5.0

(Normal Gross Weight less bombs)

Design Load Factors based on the Overload Gross Weight of 18596 1bs. (8435 kg.)

Pogitive High Angle- - = = = = = = = « = = = = = = = e k.5
Positive Low Angle - - - = = = - =« = & o = & & 4 4 4 4 4 4 o - - - - - - 4.5
Negative Low Angle - - - - = = = = = - = - - - - - e T 0.5
Negative High Angle- - - - - - - - - - - - - W v W MR R LS ST A < e o= @R
Landing based on 14076 1lbs. (6384,8kg.) - = = = = = = = + = = = = = = = 4,0

(Max. Overload Weight less bombs)
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2

PTIOT 'S COCKRIT

B. LOCATION OF CONTROLS

1. POWER PLANT CONTROLS in the pilot's cockpit consist of the following:

(a) Engine Control Unit: This unit is a modified B-6 type having two fuel
throttles and two mixture control levers, and incorporating two engine supercharger
regulator control levers. The unit is located on the left side of the fuselage with

all the levers within easy reach of the pilot.

(1) Throttle Control Levers are located on top of the unit adjacent to
the pilot. '

(2) Mixture Control Levers are located on the rear side of the unit
neagrest the pilot, and have red handles.

(3) Supercharger Regulator Control Levers are located on top of the
unit adjacent to the fuselage, and are longer than the throttle levers.

(4) The use of these controls is described in following paragraphs
dealing with the operation of the engines.

(b) The Supercharger Speed Control Lever is located just aft of the engine
control unit.

{¢) Carburetor Air-Heater Control: The control handle for the carburetor

air heater is located on the left side of the fuselage aft of the engine control
unit adjacent to the supercharger speed control. This control is of the fixed
position type operated by pressing down on the handle knob to relieve the ratchet

latch.

(d) Clean-out Valve - Manifold Pressure Line: This valve control lever
is located on the lower right hand auxiliary instrument panel, It is used to re-
move the condensate from the manifold pressure line&, and can be used when the
engines are running at idling speed. Twenty seconds is sufficient time to clean

out the lines.

(e) Engine Cowling Flap Controls: The flaps .are operated by a crank assembly
installed on the control column. Two locking control wheels are included by means
of which either engine cowl flap may be operated independently. Turning the crank
counter-clockwise opena the flaps. The handle is spring loaded to provide a means of
locking the controls in a fixed position. The handle must be held back while turning.

2. FUEL CONTROLS
(a) Valves
(1) Four fuel valve control levers are located on a horizontal bracket
at the left side of the cockpit. The front lever (lo. 1) controls the main tank valve;
No. 2 lever controls the auxiliary tank valve. These two valves are located in the
bomb bay. The No. 3 lever controls the engine selector valve; and the rear (No. 4)
lever controls the cross feed valve. These two valves are located below the pilot's

gseat on the left side of the fuselage.

(b (2) The reserve fuel supply of 40 gallona (151 liters) is contained in
the left front (main) tank and is selected by the No. 1 lever.

rn

(3) The No. 2 lever is moved to either "Left Aux. On" or "Right Aux. On
or to the Bomb Bay Tank Sector, if that tank has been Installed. TMPORTANT: The
main valve lever (No. 1) must be first set at "Aux. On" before fuel can be taken

from any auxiliasry Lank.
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i4) The englae supply valve Bo. 5 1s azed to distribvute the fuel to

eithner or both erginesz 43 desired. Normully this valve will be set st "Both Oun."
ir. cage of fire in either nacelle, the fuel to that engine should be shut off.

(5) The rear(liu. 4)valve is used to provide fuel to both
engines from the operating pump in case one pump should fail. For take-off,
climb =nd while landing,this valve must be in the ON pogitlon. Wheo checkilng
fuel pumps individually oz the ground or in the air, thils valve must be 1z the
OFF positior otherwise accurate fuel pressure readings for each englne canrnot
be obtaired.

_ (b) Wobble Pump: A hand pump is located on the bracket adjacent to the
fuel valves. See paragraph D, "Starting Enginea", for use of this pump.

(c) Eugiue Primer: A dual engine primer is located at the top of the
auxiliary control patel below the landing gesr hundcorank. See Notes on engine
priming, paragraph D-11, Startizg Koglioss

(d) Fuel Quantity Indicator: A dial type gsuge is located on the auxiliary
instrument panel a4t the left side of the cockpit together with a selector switch
which must be tursed tc the tuck from which fuel is beirg drawr to regigter fuel
juantity 1d thuat tack., A fael quastity reading for acy one >f the four wing tacks
or the bomt puay tack is shows oo the gauge located above the aswitch. The instru-
ment readisgas must be converted by mears of the converaion chaurt located udjacert
to the gauge.

5. ELECTRICAL CONTROLS

ta)j Bavteriesg The battery circuits can be opened by means of a4 modified
Type AN-4010 control hundie which is located immediastely forward of the throttle.
It is lmportact that this handle be moved to the "Off" poaition when the airplane
is left standisg unatternded -

(b) Mugceto Switches: Three switchea are located on the vertical auxili-
ary inatrument panel at the left gide of the cockpit. The center lever operates
the master cutout switch which opens the circuit to both magnetos simultaneously.
This switch must be moved up before the magneto switches can be operated, See
paragraph R for detail instructlons on magneto checking, :

(c) Starter Switches: Two Eclipse M-2609 starter switches are located on
the lower right side of the main instrument panel. These switches are operated
by pushing in on the handle to close the circuit to the starter relay and thernice
to the starter. Maximum speed of the starter motor 18 obtained in approximately
20 seconds. The handle i3 then pulled outward from the punel causing eurrent to
flow to the meshing solenoids oc the atarter clutch enguging the starter with the

engine.

Warning: tart only one engine at a time. If both switches are operated
at the same time, the clircuits will be overloaded and the 30 umpere fuse in the
gystem may pe blowrn out  Wnen starting engines that have been idie overnight or
at ary time during extreme cold weather, the propellera should be turned over st
leaat four revolutiona by hand in the direction of normsl rotatlion before engaglng

the aturter.

T extreme cold weuther when the airplune is left outdoors, it is advia-
able tu use the handcrack or a portable electric starter uttuched to the hand-
crank ghaft For turnicg up the inertia gearing. This will insure agalnat im-
posing ton great u load on the buttery. See paragraph D, Starting Fagines.
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{d) Propeller Controls

{1) Swiftiches: The pilot-s electric control system for the propellers con-
gists of a group of six switches located at the left side of the cockpit. This group
includes two Toggle type Confbrol Switches equipped with shields to prevent accidental
operation. These switches are used to shut off the power supply to the propeller cir-
cuits when the airplane is not in use, thereby preventing a steady drain on the bat-
feries. Iwo Constant Speed-Manual Control Selector Switches of the two-position toggle
type They are used to switch the source of power supply into either the constant speed
gontrol circuit or the manual control circuit. Two Manual Control Switches of the
momentary conbact snap type having two poles and an intermediate “Off" posiftion. These
switiches must be held in elthsr the "pitch increass"™ or "“pitch decrease" contact posi-
tion ho operate. The propellers are “feathered" with these switches.

(2} Governor Controls: Two micarta hand-wheels located adjacent to The
pilot's deat at the left side of the airplane are used to change the setting of the
constant gpeed governors.

(3) Operation of the propellers in flight is described in paragraph P,
Propeller Operation.

(e) Generator Switches: Two toggle switches are located on the vertical auxiliary
ingtrument panel above the magneto switches. These switches are left "ON" while the
engines are running to ghow the rate of charge or discharge on the adjacent. ammeters,

In case of an overcharging generator caused by malfunction of the voltage regulator, the
circult to the generator can be opened with the corresponding switch to prevent burning
out, the gensrator.

(f) Voltmeter Switch is a two positiion hoggle switch located above the generator
gswitches and is used to select the generafor from which the volfage is tTo be read. See
paragraph T for details on Voltmeter Checking.

tg) Light Switches and Rheostatg: The landing lights and running lights are
operated by a group of toggle ewitches located on the vertical panel at the left side
of the main instrument panel. These switches are identified by their name plates. The
intensity of the iunstrument panel lights may be varied by rheostahts located on the
gwitch pansl.

Formation flying lights are operafed and intensified by a rheostat located
on the right side of the cockpit.

fh) Pitot Static Head Switch: Is a two position switch located below the landing
light, switches, and used to prevent ice formation in the head. This swif.ch should be
turned to "ON" when icing conditions are prevalent.

L. TRIM TAB (ONTROLS - FLIGHT CONTROL SURFACES

{a] The elevator brim tab hand crank located on fthe left side of the cockpit 1is
rotated clockwise for "NOSE DOWH". TFor take-off in normal conditions this tab is setbt at
09, and for landing, it is setf at full "NOSE UP" position

(b) The aileron trim tab control is located on the forward side of the rontrol
column and is moved to the "Left" to compensate for a right wing heavy conditilon and
vice versa
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{c}) The rudder trim tab control is located directly before the pilot on the top
of the fuselage within the windshield and is moved to the "Left" to compensate for a
yawing condition toward the right.

(d) Wing Flap Controls

The wing flaps are operated by means of a hand pump and direction control
valve locabed at the right side of the pilot's seat. See paragraph J, Wing Flap Opera-
tion, A flap position indicator is provided on the longeron directly above the landing
gear conbrols.

Restrictions on the use of these flaps are detailed in paragraph I of these
instructions.

5. LANDING GEAR OPERATTION

(a) The landing gear controls are located on the right side of the pilot‘s
cockpit. It is suggested that all pilots familiarize themselves with the operation of
the landing gear refracting mechanism before the first flight. This can readily be
accomplighed by hoisting or Jjacking up the airplane free of the ground.

(b} The landing gear is composed of two retractable main wheels and a non-
retractable tail wheel. The main wheels are retractable both electrically and manually.
Operation is by means of lever-type handles insfalled on quadrants at the pilot:s right,
and by an adjacent hand crank. The Short handle operates the electrical-meshing clutch
and cutout switch  The long handle is for controlling movement of the gear and lifting
the locks. A posifion indicator is provided on the bracket behind the control lever
guadrant and a white slignal 1ight is installed on the bracket forward of the control
quadrant Lo indicate when the landing gear is fully down. In addition to these indica-
tors a warning vibrator is instaslled on the left rudder pedal to function when the
throttle for either engine is closed before the landing gear is completely down. Should
flight conditions require a throttle to be closed continuously, (such as the failure of
one engine), the vibrator will continue to operate until the ignition switch for the
failing engine is cut off and the throttle for that engine opened far enough to break '
the vibrator circuit. However, the vibrator will again operate when the other throttle
ig closed. See also paragraph P on operation of Curtiss Propellers.

(¢) Directions for operating the landing gear are shown on the ingtruction plate
ad jacent to the lever control gquadrant. They are repeated here for reference and study.

Electrical Operation of Landing Gear - Clutch in "Electric" position.

To Retract  Pull latch rearward {("Up"}. Gear stops automatically.
To Lower. Push latch forward ("Down")., Gear stops automatically.

Manual Operation of Landing Gear - Clutch in "Manual" position.

To Retract. Pull latch vearward ("Up"}. Crank couter-clockwise.
To Lower. Push latch forward {"Down"}. Crank clockwise.

Note: When the latch is operated, movement should be rapid and through the
complete travel. BSlow or partial movement, may cause arcing of the master
switch and eventually malfunctioning of the gear,

(d) Warning - Landing Gear Use (1) NEVER OPERATE THE ELECTRIC OR MANUAL RETRACT-
ING CONTROLS WHILE THE AIRPLANE LS RESTING ON THE GROUND.




Model 139-W
€ Page No. 259

(2) Landing: The wvhite light which indicates closing of the landing gear
lock pins must be "ON" before landing. Should the light not appear, engage crank
by depressing the thumb button and turn clockwise. A hurd partial turn assures the
lock engagement whether the light works or not.

(e) Brakes: The wheel brakes are of the internal expanding type, hydraulically
operated by means of toe-controlled foot pedals. Due to the large brake-shoe area
provided, it is not necessary to use the brakes very hard when they are properly
adjusted. When parking in the open, the brakes may be locked by depressing both
toe pedals equally and pulling on the parking brake handle which is located adjacent
to the hand crank. To release parking brake, depress both toe pedals until both
locking ratchets are released.

Note: Pillots of short stature are cautioned to adjust brake pedals to
the rear-most position and check for full application of brakes
before taking off.

6. EMBERGENCY CONTROLS

(a) Flare Comtrols: Two type A-3 pull handles are provided on the right side

of the cockpit below the landing gear control gquadrant for releasing the parachute
flares.

(b} Bomb and Tank Releases: Two Type A-3 emergency release handles are located
on the right side of the fuselage forward of the wing flap valve coatrol handle.
These handles are used for emergency release of ths bomb racks which will salvo all
bombs carried on the racks, or drop the 250 gallon auxiliary fuel tank if it is
installed, or open the dump valve of the 356 gallon tank if it is carried. The
bomb bay doors open automatically at the same time.

Note: It is recommended that dumping fuel from the 356 gallon tank in
flight be confined to emergency cases only. (Routine dumping tests can be made
using water). In eithsr case, the curtaln provided must always be 1nstalled when
the tank is used.

T. EQUIPMENT CONTROLS

(a) Automatic Pilot Controls

{1) A No. 6 Parker shut-off valve is provided in the ¢il line between the
gyropilot and the oil sump to by-pass the oil back to the sump when the pilot is
shut off while the engines are runaing. This valve is located on the lower right
gide. of the auxililary control panel below the landing gear hand crank.

(2) A lever control for by-passing oill around the servo unit when the autc
matic pilot is not in operation but when the gyro instruments are In use 1is provided
on a bracket located on top of the longeroa above the landing gear hand crank.

(3) Three knobs for operating the speed control valves are located on the
auxiliary control panel below the landing gear hand crank.

(4) A 3 way vacuum selector valve is located on the lower left side of the
auxiliary control pansl and is used to obtain vacuum from either the right or left
engine individvally or both together,

{5) 0il Pressure Gauge. This gauge 1is located on the auxiliary control

panel and reglsters the oll pressure to the Automatic Pilot Servo Unit. It
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13 gradusisd frow 0-300 1bs. per s8q9. in. Normal pressure should read approxi-
mateiy i00 L¢s. per sy. in.(4.53 kg./sg.cm.).

6. Bucbion Gauge. This gauge is located on the main panel with
the Gyr. Roriszuvs and 1s used to check the amount of vacuum in the system. The
desires vzcuun for operating the Gyro instruments should be 4 inches (101.6 mm.)
of msroury., It should not be leas than 3 inches (76.2 mm.) or more than 5 inches

C1EY o)

(b) Fire Extinguisher: A one guart cspacity Pyrene fire extinguisher is
located on top of the fuselage in the rear section of the pilot's cockpit en-

closure.

The installation of a pressure fire extinguisher system 1s optional with
the users of the alrplane. When installed, the valve for operating the lef't
englne pressure system is located on the bottom of the auxiliary instrument
panel adjacent to the fuel tank gauge selector switch. The valve for the right
engine system 1is located below the landing gear control guadrant.

(¢) Rudder Pedal Lock: The rignt hand rudder pedal can be locked in the
extreme forward position by means of = oolt type Llatch mechanism located at the
right rear edge of the flcor iratulled forward of the contrel column.

‘d. Pilot's Seat. The seat i3 zdjustuble up and dow: by means of a lever
n the right side. Apply =2 slight pressure of the body to the seat when adjust-
ing dowinward. The seat 1s hirged to perait the cre+« tou change placea. The latch
ig located o:s the pottom side near the froot. TIrnzdvertent reieazse of the seut 13
prevented oy 2 1/32" galvarized iron safety wire arcusd the handie =ud locxing
rod. The wire can pe proker. by a hard pull,

~

ie! Oxygen Apparatusa: The pilot's oxyge: regulator is located on the
right 3ide of thne fuselage oppozite the zeat. Tu zddition and rear the pressure
control vaive, o awitch ig provided for energizicg the circuit to the oxygen
heater elemernt iunstalied below the control valve. Two tee hardles are provided
on the pilot's floor directly aft of the left rudder pedal for control of the
supply cylinder valves. The supply hose is attached to a bayonet type base
located near the center of the rudder support tube.

(f) Junctlon Box - Gas Analyzer: This unit is lmostulled oo the left sids
of the fuselage below the elevaior trim tab coatrol. Operatlion of this equipment
i3 deacribed in paragraph M >f this Section.

C. Pre-Flight Check

After the airplace hus been serviced a.d made ready for a flight, =
careful check of the fuselage should be maude to ascertginthut no tools or small
pieces of equipment are lying loose where they may Jum the controls.

The pre-flight inspection procedure is detailed in Section XXTIII of the
Mainternance Handbook and will have beern made before the airplane is turned over

to the pilot,

In cold weather, the oil should be heated for starting and provisilon
has been made in both oil tanks for a screw-in type electric ilmmersion heater.
The heater flanges are accessible through the wheel well. Is cold weather it is
also advisable to turn the enginea over =t first ~ith the hand starter as a heavy
engine, when cold, imposes too great a load or The atarter und buttery.
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Befcrs attempting to start the engines after they have been idle for
a4 perlod Lever over night). the propeller should be turned by hand for at least
four revolutions in the direction of normal rotation. Should an abnormal effort.
be reyuired, remove spark plugs from lower cylicders to determine if ary liquid
has coliected there, as this may cause gerious damage. During the rotatiorn of
the propelier, the dyramic damper in the ergine falls against a retainer piate
on the cranksnuaft «nhec the counterweights are raised above the horizoatal posi-
tior..© The noise of this fall is in some cases discernible but is a normal occur-
rence and should ¢auze no appreheansgion.

Before starting the engines, the pilot should check the following items

1. vUheck amounts of fuel and oil in each zank and also Automatic Pilot
tani, '

. Have chocka placed in front of ths landing wheels, or if no chocks
are available, apply both brakes firmly and engage parkirg l.tchnes.

5. See that bomb bay doors and all other doors are closged znd secursely
latched.

4. Set wing flap control valve to "Up" and operate the flap pump handle
through a few strokes to insure that flaps are in the fuli "Up" pus’-
tion. Note f.ap position indicator.

5. Unlock flight controls and zee thai they are free to wove through
the full range of travel.

6. Place elevator, alleron, ard ruddsr t4p cortrois ic seutral positions.

T. Check Automatic Pilot"Serve" coutrois tu 0s sare thit they are "OFF,"

Importazt The englces should cot be started lmusdiately after refueling
if the tanks have been allowed to overflow azd fuel 1s spilled apout the airplace.
The airplace should be removed from this viciuity in such cuases, A fire extin-
guisher should be kept avallable for imiediate use.

D. Otarting Eigires#
The followisg prozedure i3 recomierded for zormal atarting of the aergines

1. 8witch patteries to the "0u" pozitio:.

2. Svitch exnaust gas analyzer to "0." pefore astartisg englnes.

3. Set both propelier goveror cortrols to maxamum "INCREASE R.P.M." ‘liow
pitech position).

L. Set propeller coitrol sw¥itzhes to "0r" position.

5. Set constazt speed-manu«l selector awitch to "Conatant Speed” or
"Automatic" poaitiom.

6. Bet carburetor inlet air control to "old."

7. Open the engine cowl flaps to "Full One-."

¥WARNING: See that Supercharger Speed Control ig in low speed position.
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8. Set fuel valves uas follows: (See Fuel Consumptior Notes Below)
{a2) Croas feed valve to "Orn."
(b) Eagine selector valve to "Both On."
{c¢) Main tank selector valve to "Left Main Or."»
9. Set Supercharger levers in the full forward (high boost) pesition.
10. Set mixture control levers to "Full Rich" and throttle control
levers at a position to give T700-800 rpm (slightly opened).
11. Operate hand fuel pump slowly to maintain approximately 8 lba. /sq
in. (.56 kg. /sq cm. ) fuel pressure during priming. Prime right engine with 2
to 8 full strokes of the primer plunger.

Note: The amount of priming necessary before starting will depend upon
operating conditions, particularly temperature. Experience is
necessary to indicate the proper amount of priming required for
given conditions. Excessive priring has a tendency to wash the
0ll off of the cylinder walls and to cause 3coring or selzing
of the barrels and pistons. Priming should, therefore, be the
minimum necessary to 3tart the engine. When the engine is warm
i1t will usually be unnecessary to prime. Working the throttle
is usually sufficient for starting in warm weather.

Note: If either erngine is overprimed, the throttle shculd be opened
wide very slowly and the propeller rotated by hand several
turna in the direction of normal rotation, with the ignition
switch "OFF." Return throttle to starting position.

12. Continue slow operation of hand fuel pump while pressing in on right
gtarter switch for 20 seconds. FEngage starter and integral booster by pulling
on starter gwitch handle at the same time stopping the hand pump. When the pro-
reller has made one revolution, turn master and right engine ignition awitchea
"ON." Slowly pump primer as engine starts to fire. When engine fires smoothly,
open throttle slowly to 1000 R.P. g Shut down if the oll preasure doea not
reach 40 1ba./sq. in. (2.8 kg./cm™) a few seconds after starting.

Fuel Consumption Notes

(a) When fuel is carried in the auxiliary wing tanks, it is necessary
to set the main tank valve to "AUX. ON", and the auxiliary tank selector valve
to either "LEFT OR RIGHT AUX." depending on the desired source of supply, when
this fuel is to be used.

(b) The bomb bay auxiliary fuel should be retained for use Just prior
. to use of the reserve fuel in the left main tank. If this i3 done, greater ease
in landing the airplane in an emergency is assured since the largest fuel load
will remain in this tank which can be released from the airplane.

(¢) Warning: The auxiliary fuel in the bomb bay tank should never be
used for starting engines or for take-off and climb since an emergency release
of the supply will cause the engines to stop. Select this supply only after

obtalnlng a safe altitude of approximately 2000 ft. (609.6 m. ).

%It is necessary to use fuel from the Left Main (Front) Tank first because
the return flow from the separators goes into this tank.
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: t5. Press the left starter switch and engage the starter in the same
manner as the right, turning the left engine ignition switch on. Operation of
the had fue! pump while starting the left engine is unnecessary aa, with the
croas feed faei valve "ON", the right fuel pump maintains pressure for the
left engine, Pump the primer and watch the oll pressure as for the right engice.

14, If an engine falla to start after a reasonable nuaber of attempta,
corsult the fustruction Book for Wright Cyclone Engines (Chapter on Engine
Troubles) To zzcertain the probable cause.

_ 15. The recommended procedure for starting first the right engice and
thern the lef't 1s for coavenience. In starting the right engine, the accelerat ion
of the starter ca: be heard. After the right engine is rumning, the accelera-
tion of whe lef'ti starter c¢an seldom be heard but it can be novted by observing
the rate of rotatio. of the starter hand crank extension shaft visible from the
20ckpit oo the izbourd side of the left nacelle.

E. Wurming Up Ergices

Careful wuraming up of high power supercharged engines is esgsential in
order to avoid damnge. The recommended procedure is as follows:

1, After the engines start., if the propellers are not already at low
pitch position, the electric motors will decrease the pitch until the low limit
gwitches operate,

2. Allow engines to run at 800 R.P.M. for a few minutes with the oil
pressure gauges showing at least 40 1bs./sg. in. (2.8 kg./3g. cm.).

3. Set throttles to give engine speeds of 1000 R.P.M. Run at this
speed until the oil temperature rises slightly (600. increase is sufficiert)
after a definite registerirg of temperature is obssrved, or until the temperature
reaches 15°C. While runnirg, keep a close watch on engire cylinder head tempera-
tures. If the head temperatures should exceed 235°C., reduce the engine speed.

Do not run engines faster than 1000 R.P.M. except for magneto checks. Do not
attempt to use more R.P.M. in order to decrease the warming up period.

: When oil has been warmed as explained above, turn the fuel cross feed
valve "Off" in order to check the individunal fuel presaure delivered by each
engine-driven fuel pump. After checking, the fuel croas feed valve must be turned
to "On" before take off.

: Be gure that wheel chocks or brakes are secure. Then smoothly open
throttle, one engine at a time, to not more than 76.0 cm. (30.1in.) Hg, max. mani-
fold pressure, long enough to check each magneto and fuel and oil pressures. This
should give an R.P.M. in the neighborhood of 1800; and should be noted before each
flight. After the corresponding R.P.M. for 76.0 cm. (30 im.) Hg. max. 18 Knoown
for the individusl engine, any unaccounted-for losses in R.P.M. notea (for a given
throttle positiorn) may be attributed to trouble due to carburetor icing, faulty
magrnetos, or sparkplugs, etc. DO NOT run at this speed more than 30 seconds.
While the throttle is open, check that the following items are within the limits

specified:
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Lov Limit High Limit
0il pressure 50 ibs./sy.ie. {3.51 kg./sq.cm. ) 65 lbs./sq.in. (L4.52 kg./cmEJ
01l tewmperature(max.) See par=graiph % ubove 190°F, -88°¢.
Fuel pressure 3.5 1bs./sq.1in. (.25 kg./sg.cm.) 4 1lbs./sq.in. (.28 ke./sq.cm.)
Voltmeter 1.4 volts 14.6 volts
Ammeter Shows charge =0 @ —mmmmemmm——
Automatic Pilot 01l
Preasure ( Approx. ) 5 lbs./aq.in.{5‘2T kg./aq.cm.) ------ = ————
Suction Gauge Vacuum 3 in. Hg. (76.2 mm.) 5 in. Hg. (127.0 mm.)

Close throttle slowly and repeat the operstion for the other englire. Open
valve snd remove condensate from manifold pressure lines.

Note 1: It is easential that cowl flapa be kept fully open regardleas of
weather for all ground running and taxying in order to iusure
againat overheating the engines.

Note 2: Carburetor air heat should never be used unless lcing conditions
exiat. The excessive use of carburstor alr heat lowers the
horsepower and shortens the 1ife of the engine. Icirg may be
noted by erratic readings on the Canbridge Analyzer, ard = drop
in manifold pressure. The temperature of the air mixture enter-
ing the carburetor shall not be colder than 2°C, = e

The mixture must be set to FULL RICH before turning on carburetor air
heat, and the mixture then leaned out to obtailn the proper Cambridge icdicator
reading for the power used, and the coundition of flight, with hot air.

The carburetor air heater should be turned on FULL first, then reduced
a8 much as possible. This is necessary since it takes much more heat to elimilnate
ice which may have already formed than to prevent lce from forming.

F. Take-Off
The following procedure is recommended for tuke-offa:

1. Remove wheel chocks; release brakes.

2, Taxl to end of runway and head into the wind. Recheck the following
ltems:

(a) Aileron and rudder tab controls in ceutral.

(p) Elevator tab in neutral for 4ll aversge loadings. (Maximum for-
ward or rearward center of gravity loadings may reguire 4 3light
modification of zero setting for take-off.)

(¢c) Wing Flaps "Up"

(d) Mixture "FULL RICH"

(e) Supercharger Regulator "FULL FORWARD" position (High Boust)
(f) Carburetor Air Heater "COLD" (Unless Warm Air is Necessary)

(g) Propeller Governor Controls "TAKE-OFF" (Low Pitch - 2200 rpm)

(h) Fuel Cross Feed "on"



Model 133-W

¢ Page No. 265
(1) Fuel Quantity Gauge Set to Register guantity in tank from
which fuel 1s belng used.
(j) Exhaust Gas Analyzer "ON"
(k) Fngine Cowl Flaps "CLOSE" to 15° - 20° just before starvt-
ing take-off run.
(1) Cylinder Head Temperature Do not start take-off with cylinder head

temperatures above 205°C.-4L00°F. or be-
low 120°C.-250°F.

(m) Supercharger Speed Control Low Speed Position.

Note 1: During take-off and climb if icing conditions are indicated (by an un-
warranted drop in manifold pressure), adjust carburetor heat control to
maintain proper carburetor temperatures. This should be done as dea-
cribed 1in paragraphs under Note 2 of Warm Up.

Note 2: In case of failure of gupercharger pressure regulator, the throttles
can be used to over-ride the high boogt position of the regulator con-
trols by moving the throttle levers to the extreme forward position on
the engine control unit.

3. Open throttles gradually and evenly, taking care to keep power output of both
engines balanced. Do not exceed 100.33 em. (39.5 in.) Hg. manifold pressure or 2200 rpm,

L. After clearing obstacles (and before one minute), reduce the manifold pres-
sure to not more than 90.6 cm.(35.7 in.)Hg. by backing off on the supercharger levers and
letting the throttles stay at take-off position. Next change propeller control setting to
not more than 2100 rpm. Note: Always make adjustments in the order given, never the reverse,

5. After reaching an altitude of 500-1000 m., turn fuel cross feed valve "Off."
If instructions outlined in paragraph D-8 have been followed, 1t will be unnecessary to
reset fuel valves unless bomb bay fuel is to be used. Re-register fuel quantity gauge
selector switch with tank feeding the engines after changes are made.

6. Retract the landing gear.

Hote: Take-~offs may be made with wing flsps down from_ﬁo to 150 but flight test
results show little or no change in distance required to clear a given
obstacle. In order to s8implify operating technigue, it is recommended
that sll take-offs be made with the wing flaps full up to 0°.

G. Climb

With the inatallation of the two speed supercharger in the G5 engines, it is
advisable to congider five geparate types of climbs as:

1. Full Rated Power Climb.
2. Congtant Manifold Pressure Climb.

%3, Less than Full Power Climb where high supercharger gear ratio will not be
used.,

k. Climbs of Lower Power where high supercharger gear ratio will not be uzed.

%, Bmergency Single Engine (limb,



Model 139-W
C Page No. 266

Execution of the c¢limbs in the order named Bhould be aa follows:

Climb 1 - Full Rated Power Climb

1 (a) After clearing obstacles on takeoff (and before one minuvte), reduce
the manifold pressure to 90.6 cm. (35.7 in.) Hg. by backing off on the supercharger
levers leaving the throttles in the takeoff position.

1 (b) Adjust the propeller governor controls to give 2100 R.P.M. with the
aid of the synchroscope.

1 (¢) Retract the landing wheels.

1 (d) As the climb continues, gradually reduce the manifold pressure to
maintain constant horsepower (850 H.P.) up to critical altitude where the manifold

pressure will be 86.6 cm. (34 in.) Hg.

1 (e) Adjust the mixture until the indicator on the-‘exhaust gas analyzer
dial coincides with the existing manifold pressure. (See Para§raph M-1, Operation.)
Do not allow cylinder head temperatures to exceed 260°C. - 500°F. or over 205 C. for
periods of more than 15 minutes.

In unusually hot weather, it may be desirable to open the engine cowl flaps
to as much as 35° during climb. If the temperature should continue to rise, the gas
mixture should be slightly enriched, A cowl flap setting of 15° to 20° should be
ample for all strut air temperatures up to 38°C. - 100°F.

1 (f) Low gear ratio should be used at all altitudes for which rated power
can be obtained, This means that high gear ratio should not be used below 3000 m.
(approx. 10,000 ft.). In making a full rated power climb, shift the gears shortly
after passing 3000 meters as follows: ' :

_ (1) Throttle back and reduce the airspeed of the airplane until it is noted
that the engine r.p.m. hag fallen off to below 1502 R.P.M. Then with a decisive move-
ment of the speed control lever, shift to high gear ratio.

It is important that the lever be moved fully to the end of its travel in
one movement. If this is not done, the clutch may not be engaged in either high or
low gear ratio with the result that the impeller will loose its rotational speed.
After this has happened further attempts to engage the gears will cause excessive
loads on the gear train and consequent overheating of the clutch.

(2) Continue the climb sbove 3000 m. at 750 H.P. by fully advancing the
throttles and adjusting the supercharger controls to 89.6 cm. (35.3% in.) Hg. manifold
pressure. As altitude increases, gradually reduce the manifold pressure to 85 cm.
(33.5 in.)Hg. at 4600 m. (15200 ft.) critical altitude. Beyond this point the throt-
tles are full open and the manifold pressure will decrease with altitude.

1 (g) For full power climbs with normal full load, the best rates of climb
are obtained at the following calibrated indicated airspeeds:

Sea Level | 0 ft.) 202 km./hr. (125.5 mi./br.)
1000 m. ( 3280 ft.) 198 km./hr. (125.0 mi./hr.)
2000 m. ( 6561 £t.) 193 km./hr, (121,9 mi./hr.)
3000 m. ( 9842 ft.) 18 ¥m./nr. (115.4 mi./hr.)
6000 m. (19684 ft.) 166 km./hr. (103.1 mi./hr.)
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Climb 2 - Constant Manifold Pressure Climb

This ¢limb may be accomplished where a full power climb is not required.

2 (a) Should the pilot desire to take advantage of the supercharger regula-
tors to hold the manifold pressure constant during a climb, he should start the
climb at 86.6 cm. Hg. which-will be held up to first critical altitude.

2 (b) At 3000 meters altitude, shift to high gear ratio, and set the
regulators to maintain 85 cm. Hg.

2 (c) These manifold pressures must be set at the beginning of each section
of the climb so that limiting manifold pressures for the engines will not be exceeded
when altitude 1s reached. It will be noted that horse power at sea level 1s less

than rated power.

Climb 3 - Less Than Full Power Climb Without High Gear Ratio

3 (a) Proceed as described in paragraphs 1 (a) through 1 (e) for full rated
pover climb E '

3 (b) Above 3000 m. the climb will be continued in low gear ratio with the
throttles fully open; the manifold pressure and the horse power will decrease nor-
mally with increasing altitude.

Climb 4 - Low Power Climb Without High Gear Ratio

This type of climb may be made where a long range flight is to be under-
taken and where fuel economy is a vital factor. This climb is often referred to as a
"erulsing power climb."

L (a) After takeoff (and before 1 minute) reduce the manifold pressure to
T4.0 em. (29 in,) Hg. by backing off the supercharger levers.

4 (b) Adjust the propeller governors to give 1900 R.P.M. with the aid of
the synchroscope.

4 (¢) With these adjustments the engines will develop 600 BHP. which should
be held constant by uniformly reducing the manifold pressure with altitude. The Cam-
bridge indicator should be held in coincidence with the manifold pressure as the climb

continues.

4 (d) Maintain the engine cowl flaps as nearly closed as possible. At head
temperatures above '180°C.-356°F, there is a slight loss of engine power. This limit
should be held at all times that weather conditions permit. An extreme limit of
260°C. -500°F. is allowable for periods of 15 minutes. Where flying is done in extreme-
ly hot weather for protracted periods, the limiting head temperature is 205°C , -400O°F.

4 (e) The best rates of climb for this type of climb are obtained at the
following calibrated indicated sirspeeds: ' ‘

Sea Level ( O ft.) 185.0 km./hr., (115.0 mi./hr.)
1000 m. ( 3281 ft,) 187.4 km./hr. (116.5 mi./hr.)
2000 m. ( 6562 £t.) 187.8 lm./hr, (116,8 mi,/hr.)
3780 m. (12400 ft.) 185.8 km./hr. (115.5 mi./hr.)
5180 m, (17000 £t,) 182.5 km./hr. (113.5 mi./hr.)
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Climb 5 - Emergency Single Engine Climb

-5 (a) Performance and flight control are so greatly improved by feathering
the propeller and closing the cowl flaps on an inoperative engine that it is impera-
tive that the pilot take advantage of these features.

5 (b) In case an emergency arises while the landing gear is down, the
pilot should immediately start retracting the wheels and feathering the propeller
of the inactive engine. These items are electrically operated and require negligi-
ble time to control. The landing gear particularly has a detrimental effect on per-

formance.

5 (c) Even with the landing gear down, the airplane will climb slowly on
takeoff power (2200 rpm. and 100.3 cm.Hg. at sea level). Under such an emergency,
the pilot 1s allowed to use takeoff power for 5 minutes. In this case full rich
mixture should be used. '

This permits time to retract the cowl flaps on the inoperative engine and
to open the flaps in the working engine approximately one-half or less ii weather
conditions permit.

5 (d) The same temperature limits apply for single engine climb as for the
other climbs using a richer mixture to govern these limits,

6. During any clirb the following limits should be held:

Low Limits High Limits
01l pressure 50 1ba. ?Bq in 65 1bs./aq. én.

(3.51 kg./cm®) (k.52 kg./em”)
0il Temp. (Max.) 40°C. -104°F, 88°¢c. -210°F.
Fuel Pressure 3.5 1bs. /sq 45, 4 1bs./sq. 1n

(.25 kg./om®) (.28 kg./cm®)

Cylinder Head Temp. (See Paragraph H below) 205°C.-4OQCF.
Continuous Opera-
tion
260°C. -500°F .
(15 minute period

only)
Voltmeter 4.4 volts 14,6 volts
Ammeter (Shows charge) = = =--semmmmmem—eeea-
Suction Gauge 3 b 5 In.
Vacuum (76.2 nm) Hg., (127 mm) Hg.

H. Cruising and Level Flight

The maximum cruising limits set by the engine manufacturer are 600 H,P.,
1900 R.P.M., 74 :m. 29 in.) Hg. manifold presgure, and 188°C. (370°F.) cylinder
head temperature. These limits should not be exceeded while cruising.

To prolong the life of the engines 1t is desirable to 1limit cruising
operation of the engines to 500 H.P. and 1850 R.P.M. Curves showing manifold pres-
sure plotted against altitude for crulslng conditions may be found at ths end of
this section.
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For maximum-range cruising, numsrous factors, such as initial gross
weight, external bombs carried, altitude, etc., affect the operation, and it is
necessary to prepare a detailed flight plan prior to take-off. Consult the
curves found at the end of this section for data in preparing detailed flight

plans.

For maximum power operation use Low Blower ratio from sea level to the
altitude where full throttle power coincides with rated power in high ratio.
(3000 m. - 10,000 ft.) In order to conserve fuel while cruising DO NOT use high
ratio at altitudes where power required can be maintained in low ratio. When
changing to high ratio, throttle engines sufficiently to prevent exceeding rated
manifold pressure. When changing from LOW to HIGH ratio, enrich the mixture
first and readjust for the new condition after the ratio has been changed. Avoid
unnecesgary engagement of clutches, do not pause when shifting, and be sure con-
trol lever ig against the respective stops for high and low ratio. Allow five
minutes between each shift to permit dlBSlPatlon of heat generated by clutch

changing.

For rated power in level flight adjust the superchargers to not more
than 86.36 cm. (34 in.) Hg. M.P, and set propellers for 2100 R.P,M., The manifold
pressure will be maintained regardless of altitude, R.P.M., or temperature pro-
vided the critical altitude for the manifold pressure and E.P.M. selected is not
exceeded. Above critical altitude the manifold pressure will decrease in the

normal manner with increasing altituds

Do not exceed 90.6 cm. (35.7 in.) Hg. manifold pressure (except for
short periods during takeoff).

With the above conditions for cruising at a farily constant altitude
the propeller constant speed-manual control switch can be turned to "MANUAL" thus
fixing the propeller pitch. Any deviations from the desired engine speed may be
made by pressing the momentary contact switch, causing a consequent increase or de-
crease of pitch. This procedure will save wear in the propeller motor unit and

prolong its life.

S Flight Restrictions

The manufacturer will not be responsible for results if the following
maneuvers are performed: loops, spins, rolls, Immelmanns, dives, or inverted

flight,

The permissible range of Center of Gravity location for various loadings
is defined as follows: (M.A.C. means Mean Aerodynamic Chord.)

Wheels Extended Wheels Retracted

Maximum Forward Position,
in percent, M.A.C. )
22.78 24,12
Maximum Rear Position, :
in percent, M. A. C. 27.00 28.29

It is recommended, however, that the airplanes are not flown with a
center of gravity forward of 25% or aft of 27% M.A.C. When these conditions are
not obtained with normal loading, ballast should be used where necessary to ob-
tain the proper balance. Best flying characteristics are obtained by taking off
with the center of gravity well forward; use the forward fuel first; then land
with the center of gravity aft. This will improve stability during fllght and

landing at the end of the mission.
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The Model 139-WH3 airplane is designed to permit a steady dive at
300 m.p.h. with normal gross weight of 15,400 pounds (6985 kg.). From this
gspeed pullouts can be made provided the acceleration does not exceed 3.0 g.¥

Due to the addition of special equipment the gross weight of the
Model 139-WH3 is greater than the stress analysis weight. This in addition
to the possibility of rough control may cause the pilot to exceed the spec-
ified acceleration. Therefore, the following restrictions are imposed in
the interest of safety. '

Do not exceed the following speeds or accelerations for the gross
weights noted.

g* (Acceleration
‘Weights 260 MPH|270 MPH|285 MPH

Normal Gross Weight
(with Special Equip-
ment) 15628.5 1bs.

(7088.9 kg.) 5.4 L6 | 3.0

Overload Gross Weight
(Increased Range)
Yi518.5 1bg.

(7946.2 kg.) 4.8 4.1 KK

Overload Gross Weight
(Maximum Range)
18414.6 1bs.

(8352.7 kg.) 4.5 *x *%

Overload Gross Weight
(Maximum Armement)

18780 1bs. ;
(8518.4 kg.) L4 e *%

*Note: This "g" .includes the material factor of 1.5. For applied accelera-
tions, divide the above values of g by 1.5.

*¥D0 NOT FLY ABOVE 260 miles per hour (418 km./hr.)

¥¥¥D0 NOT FLY ABOVE 270 miles per hour (h3k km. /hr. )



Model 1%9 W
C Page No. 271

Complete Weight Data for all conditions is glven at the beginning of these Piloting
Instruetions.

J. Wing Flap Operation

It is recommended that the flap angle be limited to 40°. The controls provide for

_a movement of 50°, but the full travel should be used only when it is desired to obtain

the shortest possible landing roll. Never -exceed an alr speed of 209 m./hr. (130 mi./
hr.) with the flaps down. As the flap angle is increased, the gliding angle of the alr.
plane must also be increased. If the flap control valve handle is turned to "Flap Up"
while the airplane is in flight with the flap down, the flaps will be instantly ralsed
due to air pressure with a resulting loss in 1ift. Pilots should familiarize themselves
with this characteristic, but it should be demonstrated only when there is sufficient
altitude, as the loss in 1ift is rapid, necessitating equally rapid corrective forces
being applied by the elevator control

K. Landing
The recommended procedure 1s as follows:
1. Be sure supercharger speed control is in "LOW SPEED" position

2. Turn automatic pilot servo control to "Off." (0On airplane eguipped with Auto-
matic Pilot.)

3, Turn fuel cross feed valve "ON."

4 Change to wing tank fuel supply if bomb bay tank is being used.

5. Turn propeller constant speed-manual control switch to "AUTOMATIC."
6. Adjust propelier governor at 2100 rpm

7. Lower the landing gear. Check the landing gear position indicator and be sure
that the indicator light is "ON" indicating that the landing gear locks are engaged.
Should the light not appear, -engage crank by depressing thumb button =nd turn clock-
wise - hard. If the throttles are closed before the landing gear locks are engaged,

the vibrator on the left rudder pedal will start operating indicating to the pilot
that the landing gear is oot fully down.

8. Move supercharger pressure regulator controls to "HIGH BOOST" position.

g, Set the mixture controls ful!l "RICH "

10. Set the carburetor air heat to "Cold" except under icing conditions when the
getting is left to maintain temperatures given under Warm-Up procedure.

11. Turn the wing flap control valve to "DOWN" and lower the flaps. A flap setting
of approximately 4OY is recommended, and the full down position of 50° need be used only
when it is necessary Tto make the shortest pogsible roll Keep the airspeed below 209
km. /hr. (130 mi /hr ).

12, While lowering wing flaps, adJjust elevator trim tab to reduce loads on the con-
trols., For the approach glide and landing, the elevator tab control should be sst full
"NOSE UP."

15. Sharp turns on rough landing fields should be avoided as this maneuver when ex-
ecuted with one brake lucked may place high stresses in the tail wheel assembly attaching
fittings, and in the main landing wheels,
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14. For a normal landing maintain a gliding speed of approximately
150-160 ¥m. /hr. (9%3-100 mi./hr.) or higher, depending upon the load. For the
shortest possible landing with light load the airspeed in a glide may be held
as low as 120 kmd/hr* (75 mj./hra). The high drag caused by the extended flaps
makes it necessary to glide with the nose well down, or in a rather steep path,

in order to maintain speed with power off.

15. Hold the glide until falrly close to the ground and level off
rather abruptly. Leveling off gradually, beginning at a considerable height
above the ground, may result in a premature stall because of rapid deceleration

caused by the high drag of the flaps,

16. Apply brakes evenly and carefully after landing to avold possible
ground looping., Do not use brakes unnecessarily.

17. After landing, raise the flaps to the full "UP" position before
taxying.

TImportant: 1In event of a forced landing on the water or in a swamp,
land with the wheels up.

L. Stopping the Engines

1., Open the engine cowl flaps "full open.”

2. Run engine at 600-800 R.P.M. until cylinder head temperatures drop
below 150°C, 300°F. (If absolutely necessary to stop engines before properly
cooled off, the engines should be ruan at 1000-1200 R.P.M. for a few seconds. )

5. Move the nixture controls to full "LEAN" position.

i, When engines cease firing, turn ignition switches "OFF."

5. Leave ignition switches "OFF" and mixture controls full "LEAN" to
prevent accldental starting.

6. Switch the exhaust gas analyzer "OFF" after the engines have stopped.
(See puaragraph M-13.)

7. Move battery cut-out switch to the "OFF" position.

8. Apply brakes and lock the controls if the airplane is to be left
gtanding without a ground crew.

9, See instructions, Section ITI, paragraph A of the Maintenance
Manual for anchoring the airplane out-of-doors.
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: & brief resuns covering the operation of certain ailrplane accessories
that are wot described 1z the foregoing is given in the following paragraphs.
A thorough study of these data 13 recommended to all users of these airplanes.

M. Control of Mixture by means of the Cambridge Mixture Indicator

To prevent unnecessary wear on the engines and at the same time obtain
maximum fuel economy requires careful and intelligent use of the mixture control.
With the conatant speed propellers, the older conventional methods of setting
the mixture by leaning out until a drop in r.p.m. is obtalned, is no longer
practicable. The Cambridge Mixture Indlcator provides a more ready method of
determining best mixture by automatic indication.

These alrplanes are equipped with a two-englre. dunl-disl type exhaust
ga8 analyzer which indicates twns rallo of the welght of fuel to ths welght of the
alr ertering the eugins, Thls i-strame .t provides = suitable meuns of adjuating
the carburetor mixturs shs. asiig 2 20:.8%t4cl opeed propeller,

Ad justue s

1a say flight vwhere maximum fuel econouy or maximun power i3 deuired,
the fuel-sir rutin entering the engine plays a very lmportat part. The use of
a mixture which i3 to- lean may also result in serious damage to the englre,
Therefore, at falrly frequent intervala =id iwnsdigtely before or after any
flight where the maximum pertormance of the engines 13 used. the criecks and wd-
Justments as descrived in Sectlon X, paragraph J, of the Maintenance Maruszl should
be made. ‘

Operation

1. The dial of the exhaust gaz analyzer 13 calibrated in fuel-=lr ratio
as well as having a scale indicating manifold pressures. TFor normal operatlo:n the
pilot should adjust the mixture control 3o that the pointers on the indicator,

(the top pointer for the left engine and the lower pointer for the right engine)
will index with a marifould pressure or the indicators which corresponds with the
manifold pressure at which the e gire i3 operating, as indicated by the manifold
prezaure guuge . Only asmder exceptio:inl or emergency conditions requiring extremel
low fuel consumption, should the lrdlcufor read less than the manifold pressure.
U-der these sorditions, the mixture muy be leaned out, provided the engine tempera-
tares are sareful:y watsned n-d detorstion avolded. Detonatior may be noted by
puffs of bluck smoke coming out of the sxhaust, and by rough engine performance.
Whe: detonatiorn oc~urs, the mixture must be immediately richened.

2. For take-offs under 1200 m. above sea level, keep the mixture control
hardle full "Rich."
der head terperqtures a.d wse 4 ricner anlxture if the

£ Waten tns evid
henpel b res aporoush helir upper 1Rt obe prevéas @i:ai;ﬁ:g the Limita).
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4. Durlig the first times the mixture control is used with the mixture
laodicabor as = guide, some difficulty may be experienced in getting the pointer
to 3top st the deaired point. It must be remembered however, that the fuel-air
ratio ls uffected by a number of factors other than the actual position of the
mixture Juutrol handle, such as changes in altitude, air temperature, carburetor
alr pre-heat, throttle, aand supercharger regulator control position, fuel pres-
sure, airapeed, with the condequent changes of "ram", etc., and the mixture con-
trol handles will require readJjustment after any change in the above mentioned
operating conditions. After some experience a very accurate setting of the
mixture may be accomplished without difficulty, provided the instrument is
functioning properly. (See Paragraph 13--"Warnings™.)

5. After a change in fuel-air ratio the instrument will not indicate the
new ratlo immediately. This lag iz due to the necessity of replacing the sample
of old gas in the analyzer cell by a sample of the new gas. The pointer will
gtart to move in a few seconds and several minutes may be required to indicate
" the total change. Because of this lag, changes in fuel-air ratio towards the
lean side should be made with caution.

6. When a pointer appears to fluctuate erratically or to move gradually
from the lean to the rich side of the scale, under apparently stabilized condi-
tions with a lean mixture setting, "detonation" may be indicated. When these

-gymptoms appear, richen the mixture immediately to avoid damage to the engine,
then reset the mixture using a richer mixture than before. ‘Increased cylinder

head temperatures, and generally rough engine operation accompanied by puffs of
black smoke from the exhaust are also indications of detonation.

f. Carburetor icing may alsc be indicated by a gradusl movement of the
pointer tc the rich side of the scale for no apparent reason. A drop in manifold
pressure ig also a good indication of ice in the carburetor.

8. During progressive leaner operation of the engine, the Cambridge
indicator will move toward the .065 fuel-air ratio. As mixtures become leaner
than this reading,the indicator hand starts returning toward the rich direction
which l8 a result of the decrease of percentage of carbon dioxide present, and
an increase in the hydrogen in the exhaust due to Imcomplete combustion of the
lean mixtures. This effect at extremely lesn mixtures should also be noted and
understood by the operator of the ergine, -

9. When the carburetor air heatér i3 spplied, the mixture
very definitely goes rich, Suddern application of the hesgter while flyirng wlth
a normally rich nixture may cause counsiderable loss of power or stopping of the
enginea, This is caused by = reduction in the smount of alr entering the cur-
bureltor and a resultlug excesslvely rich amlxture. The condition snould be
remedied by promptly leasning cut, Whe: the air heuter 1s shut off.the mixture
goes very definitely lean, leading to possible detonation. Therefore, the mix-
ture should. be made richer before shutting off the alr heater.

10. If the pointer atays at the center of the szale neur the "A
point) poaition it may be thut the insgtrument switch iz off, or that the
gumpling lire from the exhaust stuck to the analyzer cell is oroken.

ey

lv, If the pointer, under apparently stabilized conditions, moves to-
the lean aide of the scale, a low fuel pressure may be indicuted, in which case
the red Fuel Pressure Warning Light on the instrument panel should be on,

12, The indication of a lean mixture during descents with = low throttle
and = full rich mixture control pesaition i3 caused by u combinstiosn of high ram
and low fuel flow and does rot indicate a dargerous conditior.
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15, Warnings

a, Land with the awixture control handle full rich unless the
landlng fileld is at 4n abnorual helght zvove sea level, (above 1200 melers or
5950 ft. ).

b, Full wich mivoars ghould normally be uged for ftake--of f from any

field below 1200 meters (5950 ft.) altitude.

¢, When setting the wmixtare agaicat the wheel chocks for a tuke-
off from a high altitude field, the indicator should uever read less than the
manifold pressure for take-ofi, and it should be rewmembered Lhal the mixture
will go learer as the speed of the alrplane is increased due to Increased ram,

d. If the exhaust gas analyzer switch is left in the "off" posi-
tion while the engine is running, & film of oll may collect on the filaments
and cause erroneous indications for as long a3 two hours after the switch 1is
turned on. To avold difficulty the aswitch should be turned on before starting
the engines and kept on at al® times while the engines are running.

N. Automatic Pilot - Sperry Gyropllot For Airplanes so Equipped)

1. GROUND CHECK

Prior to take-oft the Gyropilot should be given a ground check by
the pilot, inspector, or line mechanic responaible for releasing the airplane as
ready for service, using the following procedure '

(a) Check for air in Servos. Before starting engines, set the air-
plane controls approximately neutral and set Gyropilot engaging lever "ON."
Apply light pres=ure each way to each control. Controls should act as though
locked. If there is a resilient actior it 1s an indication of air in the servo
cylinder which should be worked out during the engine run-up by working controls
back and forth with the Gyropilot "Off." Whilé working out air, hold each con-
trol at each extreme positicn for about 30 seconds to allow time for air to be
curried from the servo to the sump tank., Do not mistake springing of the con-
trol cable system with the resilient action of air In a servo cylinder. Servo
piston movement is indicated by movement of follow-up indices on control unit

dials.

(b) Check Vacuum, Vacuum should not be less than 3 inches (7.5
cam. ) of mercury at 1000 r,p.m., or more than 5 inches (12.7 cm.) of mercury with
englnes at maximum ground r,.p.m. {The vacuum is adjusted at the relief valve
provided on each pump and by a Sperry Relief Valve No. 641240, accessible from
the bomber’'s compartment by unbuttoning the top curtain.

(¢) Check 01l Preasure. Close speed control valves when checking
oil presgure. It should be within 10 1ba,/sq.inn {.7 kg./sq.cm,) of recommended
operating pressure.

(d) Uncage Bank and Climb Gyro. If airplane is not level, gyro
should move slowly toward correct indication of the attitude of the airplane
on the ground when uncaged.

(e) Set and Uncage Directicnal Gyro.
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(f} Open Speed Control Valves. A control will not operate unless its
speed conbrol valve is opemn.

{g} Set Turn Control "OFF." (If Turn Control is Installed.}

(h} Set Level Control "OFF."

(i) Set Follow-Up Indices to match gyro indications using the Rudder,
Aileron, and Elevator knobs when manual controls are approximately neutral.

(J! Engage Gyropilot

(k) Test Operation of Gyropilot by turning Rudder, Aileron, and Elevator
knobs noting that controls move both ways in the correct direction and at approxi-
mately equal speed each way. ("Up elevator" will probably be slower than "down
elevator" due to the weight of the surface.) Slow aileron or rudder one way and
fast action in the opposite way, or control. in one direction only, is indicative
of maladjustment which should be corrected in accordance with service insgtructions
on Trouble Shooting.* Set Turn Control successively "RIGHT"™ and "LEFT" to check
operation of rudder follow-up knob and card if Turn Control is provided.

Note:IAlso check lights, spare bulbs, and quantity of servo oil in tank,

2. Operation of Automatic Pilot
After takeoff the flight of the airplane should be trimmed by

means of the tabs for "Hands Off" condition before’engaging the Gyropilot. Trim-
ming the airplane first will prevent oscillation of controls due to the Gyropilot
attempting to correct the unstable condition .the engaging lever is located ubove
the longeron on the right side of the pilot's cockpit). The Automatic Pilot then
assumes full control of the airplane. However, it is necessary fo occasionally check
the Directional Gyro with the magnetic compass and with the drift meter, direction
finder, and charts to maintain the desired course against wind drift. The directional
controls are located on a panel installed on the right side of the cockpit. An 0il
Pump and a Vacuum Pump {which normally operate the Automatic Pilot} are mounted on
the left engine; also a Vacuum Pump 1s mounted on the right engine, thus pro-
viding a double source of vacuum (but not oil pressure) through the vacuum selector
valve, This assures operation of the Flight Gyro Instruments in case either engine
should fail. However, if the left engine fails or.is stopped, the Automatic Pilot will
cease to function, due to loss of oil pressure to the Servo unit which operates the
Surface Controls, hence the Automatic Pilot must be disengaged and the airplane flown

manually.

Logs of oil pressure however, does not render the Bank and Climb Gyro and
Directional Gyro inoperative as these instruments may be run on the suction produced
by the vacuum pump on the right hand engine,.

Note: The following information ig based on the Sperry Instructions for the
Operation and Installation of the Sperry Gyropilot (Bulletin 15-7260;.

{a) ENGAGING THE GYROPILOT

Several things should be checked or performed prior to engaging the Gyro-
pilot. These are listed for convenience of the pilot. Familiarity with the Gyropilot
will soon reduce thig procedure to a gimple routine,

¥Refer to Sperry Instructions Bulletin 15-726C,
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Check wvacuum.

Check oil preasure.

Open apeed valves,

Set level control to "OQFF."

Check Directional Gyro
setting and be sure both
gyroa are uncaged.

Trim the airplane for
"Hands Off" condition.

Set follow-up indices to
coincide with gyro indi-
cations.

Desired vacuum 1s 4 inches (10

cii, ) of mercury. It should not
be less than 3 inches (7.5 cm.)
or more than 5 inches (12.7 cm.)

Best operating presaure will have
been determined during original
testa.

A closed speed valve locks itas
control in position when the
Gyropilot is "ON." It is, there-
fore, important that the valves
be open prior to engaging the
Gyropilot.

Rudder folliow-up card should
match Directional Gyro; Bank
index should match mark at top

of Bank and Climb Gyro dial; and
Climb index should match mark at
right end of the miniature air-
place bar,
(8) Set Turn Control to "OFF." (If Turn Control is provided.)
By holding to the contrels as
the Gyropllot ia engaged the
pilot can feel when the Gyro-
pilot i3 taking over and
functioning.

(9) Engage Gyropilot slowly.

(b) SPEED CONTROL VALVE SETTING

When the Gyropilot is engaged there m.y be ac osclllation of one
or more of the controls with the speed control valves wide open. The valve
corresponding to the oscillating control should be slowly turned toward cloged
position until the oscillation ceases. A valve should not be completely closed
as this stops oil flow to the servo and locks the control. After the speed
valve has been closed enough to stop oscillation in a contrel, the settilng
knob for that control should be moved back asd forth 4 swmali amount to be aure
that control operatlon has not been atopped by closing the speed valve tou far,
Speed vaive settlnga should not have to be changed unless 1t 1g desired to
materially increuse the speed of control in rough aiyr. The numbers cn the valve
dials represent turns of the valve and may be used as =z reference fur bringing
the valve back to u deaired setting. When there 13 n¢ osecillation present, the
Spesd Control Valves should be left wide open unless reduced speed of control ia
desired.

Revised '(/8/58.
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) DIRECT [ONAL_LUNTROL
Direstivesl costrol in the Gyropilot is based on the Directional
Gyro which must be set with the magretic compass and rechecked at periodic
intervals. The azverage drift of a Directional Gyro should not be more than 3°
in 15 winutes. A drifi of 5° in 15 minutes is permissible on one heading
providing the uveruge on the four cardinal headings does not exceed the 39 in
15 minvtes., Since the Gyropilot controls to a set heading on the Directional
Gyro. the drift will cause a corresponding change in the magnetic heading of
the airplane. When the airplane is only two or three degrees off the desired
heading by wmagnetic compass a small adjustment of the rudder knob will suffice
to correct the heading. When there is an appreciable difference in reading
between the compass and Directional Gyro, the Gyropilot should be disengaged
for a moment while the Directional Gyro is being reset. An alternative method
is to leave the Gyropilot engaged, close the rudder speed valve for a few mom-
. ents {which locks the rudder at center) while the Directional Gyro and follow-
up are being reset. Rudder control is reatored when the speed valve 1s re-

opened.

(d) LATERAL CONTROL

Lateral control in the Gyropilot is taken from the Bank and Climb
Gyro. The aileron knob can be set for either level flight or to any angle of
bank up to 30° for use in either an automatic turn (using turn control) or in a
turn where the turning is controlled by continued manual operation of the rudder

knob.

(e) LONGITUDINAL CONTROL

Basic longitudinal control is taken from the Bank and Climb Gyro.
The desired longitudinal attitude is set by means of the elevator knob. Use of
the level krob permits automatic control of altitude. When the level knob is
in the "OFF" position, control is purely to an attitude which is controlled by
the elevator knob. To use the level control upon reaching the altitude at which
it is desired to fly: (1) Turn the Gyropilot "OFF" as soon a8 the plane is
leveled off and see that the LEVEL knob is also turned to "OFF"; (2) Maintain
the plane in level flight and turn the LEVEL knob to ‘"LEVEL" with the Gyropilot
remaining disengaged; (3) When displacement of elevator follow-up index pointer
has ceased, re-synchronize this pointer with miniature airplane bar by means of

ELEVATOR knob; (4) Re-engage Gyropilot,

With the LEVEL control in operation the airplane will be automatic-
ally maintained at a practically constant pressure altitude within normal operat-

ing limits.
(f) MANEUVERS

Outside of atraight flight which wmay be either level, or climbing,
or descending, the only maneuvers that it should be recessary to perform with a
Gyropilot are turns and spirals. Course changes of a few degrees may be made
as flat turns, in which case it is only necessary to rotate the rudder knob
slowly until the airplane reaches the new heading. When Automatic Turn Control
is used, the Turn Control handle is moved to right or left (depending on the
direction of turn desired) causing a small air motor in the Directional Gyro
Control Unit to drive the rudder knob and follow-up card in the proper direction
to produce the turn. Az the turn starts, the aileron knob should be turned to
produce the proper bank for the turn. As the desired new heading is approached,

the Turn Control should be returned to zero and the airplane leveled out by
means of the Aileron krob. After the Turn Control has been set to "OFF", it will
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be noticed that the ailrplane will continue to turn at a decreasing rate and the
Directional Gyro and Rudder Follow-up cards will continue to travel togsther.
This 13 necessary to accomplish removal of the rudder control which was applied
Lo creste the turn, If the cards are still moving at a noticeable rate as the
alrplane approuchea the deaired Directional Gyro heading for straight flight,

set Turn CUontrol for opposite turn which will speed up neutralization of rudder.
For coutrol in a spiral the required climb or descent setting is made in conjunc-
tion with the turn getting in the same mammer as in straight flight.

(g) OPERATION OF AUTOMATIC PILOT UNDER CONDITIONS APPROACHING A STALL

(1) When flying by means of automatic pilot under conditions
approachling a stall, the human pilot must carefully guard against the airplane
falling into a 8pin as the result of some additional stall-producing action
such ag a guat, a small amount of ice forming on the wing, or use of de-icers

when the alrplane is so eguipped.
(2) Following are the reasona.

(a) With the automatic pilot in use the human pilot does not
receive from the controls the usual warning of impending stall that results from

the irregular (burbling) 1lift.

(b) Since the automatic pilot maintains the lateral, longitu-
dinal, and directional attitude that is set into it, should the airplane start
to spin, the action of the automatic pilot as the nose drops will be to give
the airplane "UP" elevator - just the opposite of the procedure for recovery

from a spin.

(h) USE OF THE AIRPLANE TRIMMING CONTROL

Changes in flight attitude, power, altitude, and load shifts will
affect the fore and aft trim of the airplane and cause the Gyropilot to hold the
elevator against the out-of-trim condition so as to hold the airplane to the
get-in attitude. This may result In an oscillation of the elevator control or
in overloading the pilot which may be dangerous at speeds near stalling unless .
the airplane ia kept in trim. The trim of the airplane can be checked by dis-
engaging or re-engaging the Gyropilot for a few seconds and noting whether the
airplane tends to nose up or down. A trim correction should then be made with

the elevator trimming tab-

(1) On airplanes equipped with individual by-pass valves for each
gervo, only the elevator control need be turned off to check trim. When by-
passing a single servo cylinder, close the speed control valve to that control
gso that oll pressure to the other two controls will not be by-passed. In rare
cases better control may result with a slight loading of the elevator control
in one direction. In order that the human pilot will not have to suddenly apply
a large force to the elevator to hold the airplane when the Gyropllot 1s dis-
engaged, the airplane should be kept approximately in trim during Gyropilot

operation,

MANUAL CONTROL

When it is desired to resume manual control it is only necessary
to move the engaging lever to the "OFF" position and take over the controls.
As an added safety measure, servo relief valves are provided which aliow for
immediate emergency overpowering of the Gyropilot by applying about twice normal
force on the controls.
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0. Supercharger Operation

T Genegﬁ&

The engine manifold pressure 1s automatically maintained at varying
altitudes up te critical by means of the Eclipse M-321T7A Supercharger Regulator
installed on each engine and remotely controlled by means of the engine control
unit located on the left side of the cockpit.

The supercharger regulator installation consists meinly of two inter-

connected units;:

(a) A pressure selector or regulator unit which contains adjustments
and stops for "High Boost" and "Low Boost" manifold pressure settings. This unit
1s contreolled by the long levers on the engine control unit through a system of
"Shakespeare' controls, push rods, and bell cranks. It is adjusted to the follow-

ing limita: -

"HIGH BOOST" for Take-Off 394 In. Hg. (100.33 cm. Hg.)
"LOW BOOST" for Cruising 20 In. Hg. ( 51.0 cm. Hg.)

The pilot can set this unit to High or Low Boost position or to any intermediate
position.

(b) A gpring loaded hydraulilc piston normally operated by oil pressure
from the engine is equipped with a bellcrank which actuates the carburetor butterfly

valve through a push rod. The throttle lever for the corresponding engine is con-
nected to the lower arm of the bell crank.

Between 20 In. (51,0 cm.) Hg. "Low Boost" and 394 In. (100.33 cm.) Hg.
"High Boost" the throttle levers are left inoperative when the supercharger controls

are used.

2. Throttle Controls

The hand throttle is designed to work through three separate ranges des-
cribed as follows:

(a) The first range through which the throttles directly operate the
carburetor butterfly valve provides a control from fully closed to a position eguiva-
lent to the "Low Boost" setting of the gupercharger regulator. This range is used
for Idling the engines, Taxying and for cruising below the "Low Boost" limit.

(b) The second range provides additional movement of the hand throttles
between High and Low Boost setting of the supercharger regulator. The engine power
can at all times be controlled entirely by the throttle levers in the cockpit. When
the preasure selector levers are in "High Boost" positilon, manifold pressures below
take-off pressure can be obtained with the hand throttles. When the pressure selector

ig in "Low Booat" position and lower manifold pressures are desired than that

lever
However,

given by the regulator, the throttles can be used to accomplish this result.
under this condition there will be a considerable portion of the throttle travel in
which the manifold pressure is not affected as the throttle movement must overcome the
regulator compensation. When the pressure selector lever is in "Low Booat" or any
intermediate position, the regulator may also be overcontrolled to obtain manifold
pressures in excess of the regulator setting by means of the throttle levers in the

cockpit.
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During ground running, therefore, and during flight operation in a glide
where the desired manifold pressure is either above or below the manifold pressures
for which the regulator is set, the throttles will be used to control the engine.
For normal operation the throttle control will be moved to the open position on the
engine control unit equivalent to the "High Boost" position of the supercharger
regulator, and the manifold pressure will be controlled entirely by the adJjustment
of the pressure aselector levers.

(c) The remaining movement of the hand throttles through the third range
to the extreme open position provides an "Overcontrol" of the pressure regulator
and operates directly on the carburetor valve, This range is used for Emergency
Only and provides a means for obtaining maximum manifold pressure in event of mal-
function of the regulator piston. It will be noticed that a slight additional hand
pressure is required to operate the hand throttle beyond "High Boost" position into

this range.

3. Use of Controls

(a) Starting, Idling, and Taxying

The manifold pressure selector levers are to be set in the full "High
Boost" position when starting the engines, or for idling and taxying. The hand
throttles are used during these operatlons.

(b) Take-off

The pressure selector levers are left in the "High Boost" position ané
the hand throttle levers are moved forward to the forward end of Range #2 { just be-
fore overcontrol of the supercharger regulator takes place). If the throttle is
moved too quickly, the take-off menifold pressure may be exceeded momentarily, but
with normal throttle movement the compensation will be adequate.

(e) Climb

For climb the throttle levers are to remain in the same position as
for take-off (at the forward end of Range #2) and the pressure selector levers ad-
justed to give desired climbing manifold pressure. The regulator will maintain a
fiyed manifold pressure throughout the climb unless a change in setting is made by
tne pilot. This regulation gives increasing power up to critical altitude but since
the climb is of such short duration to this altitude and emergency powers are not
exceeded, it is felt to be unnecessary to try to follow a constant power curve.

(d) Cruising

Following the climb the pressure selector levers should be adjusted
with the throttle control levers in the same position as for climb. When the regula-
tor setting is established the propeller governor controls should be set for desired
cruising R.P.M., or the propeller pitch should be fixed with the automatic-manual
gwiteh turned to MANUAL control. (See Paragraph H, Cruising and Level Flight.) The
regulator will maintain fixed manifold pressure regardless of altitude, R P.M., or
temperature provided the critical altitude for the maenifold pressure and R.P.M.
selected i3 not exceeded. Above critical altitude for the conditions gelected the

manifold preasure will fall off in the normal manner.

(e) Landing

ure selector levers should be moved to the "High Boost" posi-
and the manifold pressure controlled by the hand throttles

The press

ign prior to landing,
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P. Propeller Operation

The electrical controllable pitch propellers with automatic control governors
reguire very little attention from the pilot. The location of the controls and
notes as to thelr use are given in paragraph B-3{d) of this Section. A brief
resume of the function of these coatrols is as follows:

‘1) Governors

The propeller governors will not operate and control the pitch of the
propeller blades until the Safety Control switches are "ON" and Constant Speed-
Manual Selector awitch is placed at AUTOMATIC. With these conditions the gover-
nors will remain in the INCREASE R.P.M. (low pitch) position until the engine
speed reaches 1200 rpm. The governor control wheel support bracket 1s eguipped
wilth a nameplate indicating the position at which the pointers are set for take-off
R.P.M. Before starting the engines, the controls should be set for this condition.

During climb, level flight, and maneuvers, the governors hold the engine
gpeed constant by varying the pitch of the propellers. If a different engine
gpeed is desired at any time during flight it is only necessary to adjust the
governor controls slowly until the tachometer registers the desired speed.

During level flight while cruilsing for some distance at a falrly constant
altitude; it is desirable to turn the Constant Speed-Manual Selector switch from
"AUTOMATIC" to "MANUAL." The propeller will then act as a fixed pitch propeller,
and any deviations from the desired engine speed may be rectified by pressing
the momentary contact "Manual Control" switches with a consequent pitch change.

By this procedure ary desired pitch within the operating range of blade angles
may be get and maintalned.

When gliding in to land, it 18 essential that the controls be again
switched to "AUTOMATIC" and the governor readjusted to the 2100 R.P.M,, {normal
rated rpm for these engines), this allows for sudden "gunning" of the engine if

necessary.

{2) Feathering the Propellers

The propeller blades can be "Feathered" by putting the control szelection
gwitch in the "MANUAL" position, then hold the manual control switch for the
propeller being feathered in the "DECREASE R.P.M." positlon until the propeller
ceases to rotate. The operating motor cuts out at 88. 6°. Turn the safety
awitch for this propeller to the "OFF" positilon.

When feathering a propeller in flight, it is necessary to close the
throttle, turn off the ignition switch of the engine on which the propeller is
being feathered because the high compression in the cylinders which results
when the engine slows down due to increasing the propeller pltch {Feathering)
cannot be exhaunsted fast enough, resulting in a very rough engine,

When the throttle is closed, the warning vibrator on the left rudder
pedal will function providing the landing gear is in the "UP" position. This con-
dition is obviated after the propeller is feathered and the engine stopped by
opening the throttle on the engine affected, far enough to open the warning switch.
This awitch will again operate when the other throttle 1z closed.

bAQEgQE When feathering a propeller at any time except during an emergency, it
18 advisable to shut off the gasoline supply and run the gascoline out of the
engine, then proceed with the feathering. This is to prevent accumulation of

gases and the conseguent fire hazard.
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To "Unfeather'" the propeller, close the throttle and turn the selecior switch
to "AUTOMATIC." The blades will immediately begin to decrease pitch. When the propel-
ler R.P.M. reaches 1000, turn the ignition switch "ON", open the throttle, and re-adjust
the governor control wheel as required to synchronize the R.P.M. of both engines.

Q. Sensitive Altimeter

The Kollsman Type 157-097 Sensitive Altimeter is an instrument for indica-
ting barometric altitude above a given reference level.

The dial is marked in 100 meter divisions with the large numerals indicating
each 1000 meters Two revolutions of the long pointer will move the small pointer
through 1000 meters change in altitude. The altimeter has s range of 10,000 meters.

The instrument contains a barometric pressure scale from 890 to 1060 millibars, visible
through a slot near the side of the dial. By turning the instrument knob, the scale
rotates against a fixed reference line and the poinfers of the instrument move at the
game time. By subjecting the Altimeter .o the barometric pressure for which it has been
get, the pointers will return to zero. If the knob is rotated until the pointersg in-
dicate zero, the sub-dial will then indicafte the barometric pressure st that time and

place.

By adjusting the indication of the pressure scale to any given (by radio)
barometric level at the point: of reference, any discrepancy due to atmospheric condi-
tions being other than standard is eliminated, and the instrument will indicate true
altitude above the point of reference

In flights of short duration, beginning and terminating at the same airport,
this setfing operation merely consisgts of adjusting the altimeter to read zero when
the airplane ig on the ground, so that tne Indications during the flight will corres-
pond to altitude above that airport, the ingtrument returning to zero reading upon
landing.

But in long crossg-country flights the setting must be made in accordance with
the pressure conditions existing at the place where the landing is to be made. Radio
information concerning such conditions should be obtained preferably a short time be-
fore the landing is to take place in orvder to avold the influence of possible changes
of indication of the instrument.. The radio information is usually broadcast without
altitude correction so that by setting the altimeter in accordance with such pressure,
the instrument will read zero upon landing, the indications during flight corresponding
to altitude above the field and not above sea level.

R. Magnetos

Magnet,o switiches will be tested as follows:

Modern high output aircraft engines require an effective and properly timed
gpark from BOTH of the apark plugs installed in each cylinder in order to properly
ignite the compressed charge. The failure of one of the plugs or the ignition system
supplying that plug, leaving the cylinder to operate on the remaining plug, results in
faulty charge ignition characteristics and detonafion. At high powers, such detonahtion
becomes extremely serious. Proper functioning of the spark plugs and ignition system
is accordingly of great importance.
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Care must be exercised in the operation of ignition equipment partic-
ularly w~hen checking tre ignition system by operation on one magneto. Ground
nagneto tests should be conducted at 76 cm. Hg. (30") M.P. with the propeller
in "LOW PITCH" position. Operation at this engine speed shall be restricted
to a maximum of 30 seconds on the ground.

Operation of airplane engines on one magneto in the air (normally
permisaible only when checking magnetos) shall be limited to the minimum possible.
Whenever an engine is '.perated on one magneto the power of the engine shall be
reduced to "Cruising Power" before such operation in order to avoid damage to
the ergire from firing on only one set of spark plugs. (See "Engine Ratings" at
the begirning of this Section.)

The normal drop in R.P.M., (40 to 60) when operating on one magneto
varies widely among v:rious engines, and between right and left magnetos of any
engine. Engine log books should contain a statement as to the normal drop for
each magneto of the particular engine as determined in the acceptance test of the
engine. An increase of fifty percent over this normal drop shall be considered
as an indication of evcessive ignition system efficiency loas.

These limit-tions for operation on one magneto do not have a bearing
on the operation at maximum permissible manifold pressure for short periods on
the ground to check engine p:rformance when uaing both magnetos. However, limit-
ing englne temperatures shall not be exceeded.

S, Ammeter Check

With the generator line switzhes closed, note whether the ammeters show
"charge" with the engines running at cruising speed. If so, the aummeters are
gatisfactory. If not, note whether the pointers appear to move freely, or if
they appear to be aticking. TIf no charge is showr inspect for mal-functlon of
the, generator control unit. A detailed descriptior. of this unit is given in the
Eclipase Instruction Book No. 1-B and its Supplemerts.

T, Voltmeter Check

Note the reading when the engires are ruuniag at cruising R.P.M. with
the generator switches OFF. If the poicnters move freely srnd coincide with the
lines on the scales for the proper voltage setticg, the functioniag is satisfac-
tory. If with the generator switches ON, the voltmeters indicate "ZERO" but the
ammeters shows "charge", an open circuit may be in the voltage circuit wiring or
ir. the meters. If both voltmeter and ammeter indicate "zero" or "discharge",
the geuerator connections should be checked for trouble. If the voltmeter 1in-
dicates 4 low voltage, the trouble will probably be fourd in the voltage regula-
The pilot should rnot attempt to chunge the setting in the voltuge reguliutor
Details are giver in the Eclipse Insiruction Book No. 1-B.

Tor.
corntrol box.

U. Operation of Two Speed Supercharger

Before starting the engines it is essential that both speed control
levers be placed in the "LOW SPEED" position, that is pushed forward.

The instructions for take-off and climb are given in paragraphs "F"
and "G" of this section. The engines should be operated in low blowers at low
altitudes in the same manner as any normal gupercharged engine Titted with a

gingle supercharger drive gear.
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The high speed supercharger ratio should be used for maximum per-
formance during climbing or high speed level flight at altitudes above the
point at which full throttle power in the low ratio coincides with rated power
in the high ratio. 8See the altitude performance curve in W,A.C. Specification

286-Q.

The following general®information covers take-off and maximum power
climb:

1. Take-off at specified R.P.M. and manifold pressure from sea level
in low ratio,

2, Climb at rated R.P.M. and manifold pressure to critical altitude
in low ratio. Continue climb at full throttle and rated R.P.M. to point where
full throttle power in low ratlo coincides with rated power in high ratio.

3. Move carburetor mixture control toward the "Full Rich" position.
Change to high supsrcharger ratio, partially closing throttle to obtain speci-
fied manifold preassure and R.P.M. ReadJust the mixture control. Continue
climb at this pressure and R.P.M. to critical altitude. To maintain rated
power in climb, when changing from low to high gear ratio, the supercharger
gear shift and throttle should be changed simultaneously. '

L. Above critical altitude full throttle will be required to obtain
maximum performance.

5. Carburetor ram pressure will somewhat increase the altitudes at
which the specifiled manifold pressure limitations will be obtained.

For cruising, the engine should be operated in the low gear ratio at
all altitudes up to the altitude at which the manifold pressure will require a

change to the high ratio gear.

In changing from one supercharger gear ratio to another in either
direction, the engine should be partially throttled to avoid rough engagements
of the clutches., Either high or low supercharger gear ratio clutches should
not be engaged at intervals of less than five minutes In order to provide op-
portunity for dissipation of heat generated during the clutch engagement,
Changing from one gear ratio to another in either direction should be done with-
out pausing in neutral to avold rough operation during the period of clutch
engagement. During a change in ratio, a slight hesitation of the engine may
be observed. This is normal for a two speed engine, and has no detrimental

effect.

The carburetor mixture control should be richened before changing
from the low supercharger ratio gear to the high ratio gear. After changing
the supercharger ratic gear from either low to high or high to low, the mixture
control should be readjusted.

The clutch control lever must be at the extremity of its travel in
either gear ratio to insure complete action of the clutch control valves. Do
not change from neutral to high supercharger ratio without first changing to

low supercharger ratio.

*Note: For specific values relative to the operation of these engines, asee
.paragraphs B, F and G.
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V. Engine Synchroscope

This instrument is installed on the rudder support tube forward of the
control column. The indicator is wired to each engine magneto switch.

When synchronizing one engine with another, the throttles are adjusted
to a difference in engine speeds of roughly 150 R.P.M. At this difference in en-
gine speeds, the needle of the Synchroscope assumes a position of approximately
one-third full scale deflection with a slight trembling motion. Then, as the en-
gines are brought closer to the same speed by further throttle adjustments, the
instrument needle swings rapidly back and forth across the scale, and as the engine
gpeed synchronism is approached and obtained this swinging motion decreases in speed
and becomes motionless at some point on the scale. If the engines' speeds are synchro-
nized to a very slight degree, the needle of the Synchroscope will slowly traverse
the scale at a rate of approximately one or two oscillations per minute, depending

upon the speed difference.

W. TUse of Carburetor Air Preheaters

The following explanation of the carburetor preheater is approved by the
Wright Aeronautical Corporation for 139-WH? airplane engines eguipped with Stromberg
carburetors.

1. The function of the carburetor air preheater is to prevent the forma-
tion of ice in the carburetor and around the throttle valve. This ice formation will
cut down the power developed by the engine due to restriction of the intake area. In
gome cases the formation of ice on the throttle valve will cause the valve to atick.
The engine may also show evidence of poor distribution by smoking and rough running.
There 1s some possibility of ice particles dislodged from the carburetor causing
damage to the supercharger blower. However, the most serious effect .of ice formation
is loss of power resulting in extreme cases in complete stoppage of the  engine.

2. Under most conditions the formation of ice is a relatively slow process
and it is possible for the pilot to increase the throttle continuously by slight in-
crements in order to maintain constant r.p.m. or manifold pressure until nearly full
throttle is reached before realizing that ice is forming. This is precisely the pro-
cedure which leads to maximum ice formation and engine failure. When ice has been
formed in the carburetor a forced landing is almost certain to result unless some-
thing is done immediately or unless the atmospheric conditions change radically.

Since the formation of ice is dependent on the atmospheric humidity among other things,
the mere act of flying into a less humid region such as leaving a cloud bank or climb-
ing above a fog may arrest the formation. However, the ice already formed will not
melt unless the entering air temperature is raised above the melting point of the ice,
and the engine power will be reduced until the ice is cleared. :

3. There are two general methods of using the preheater control to combat
ice formation. One iz to wait until ice has been formed and then supply sufficient
preheat to melt the ice and thereafter maintain the carburetor intake alr temperature
high enough to prevent re-formation until atmospheric conditions change so as to be
legg favorable to ice formation. The second is to maintain the carburetor alr intake
temperature high enough to preclude the formation of ice under all normal conditions.
Both methods have disadvantages. In the first case, it is possible to wait too long
until insufficient preheat is available to melt the ice and serious reduction in power
is inevitable. Furthermore, the symptoms of ice formation are not readily recogniz-
able as such and the application of full preheat to an engine already overheated Dby
too lean a mixture, for example, would undoubtedly cause detonation and engine failure.
For the same reason continuing full preheat to the engine after the ice has melted 1s
inadvisable. Also, heat results in detonation at a lower B.M.E.P. than is normal
when the preheat is used due to an increase in average mixture temperature in the
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cylinder. These higher temperatures require a fuel of greater anti-knock value
to prevent detonation. The means used to regain power by this method, i.e.,
full throttle, fuli preheat to the carburetor, and full lean mixture, give the
mosgt favorable conditions for detonation; and engine detonation is probably
more serioug than icing of the carburetor. On the other hand, the use of the
preheater to maintain the intake ailr above the danger point of ice formation

at all times has gsome disadvantages. There is always the danger of inducing
detonation in the high B.M.E.P. engines in service through overheating and
consequent loss in effectiveness of the anti-knock qualities of the fuel. This
is not so likely to occur, however, as under the first method of operation un-
less the pilot 1s careless or negligent, as for example, taking off with the
preheater control set to deliver high heat to the intake alr, Also, in using
this method there is a definite loss of power at full throttle due to the reduced
volumetric efficiency when more preheat is used than is necessary. From the
above discussion, however, the latter method appears to be preferable for

gervice uge.

L. There is an average temperature drop through the carburetors of
the GR-1820-G5. engines of approximately 33°C (60°F). The use of the carburetor
adaptor thermometer eliminates the need for using this temperature drop through
the carburetor as a means of determining icing conditions in the carburetor. For
this reason carburetor adaptor temperatures above 0—1,500 (52—550F) will insure
that ice formation will not occur in the carburetor since freezing conditions do

not exist.

5. Leaning the mixture is a valuable aid in preventing ice formation,
provided dangerously lean mixtures are not used, which would cause damage to the
engine. Not only does leaning the mixture reduce what might be called the re-
frigerating capacity of the carburetor, but it also increases the average tempera-
ture of the exhaust and, hence, the amount of heat avallable for raising the

temperature of the intake air.

6. At high altitudes the relative humidity is quite low except in
clouds or storm conditions. Therefore, it does not appear essential to operate
at high intake air temperatures, that 1s, at adaptor temperatures above freezing,
except under ice forming conditions. Therefore, above fifteen thousand feet,
when icing condit%ons do not exist, the carburetor adaptor temperature may be
reduced below 1.5C (35°F) provided the engine does not indicate improper operation.
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K= CONTROL COLUMN.

FIGURE 5A INSTRUMENTS AND CONTROLS IN CO-PILOT'S COCKPIT
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PART 2-SECONDARY CREW MEMBERS

AA,CO-PILOT 'S COCKPIT

Location of Controls

1, Rudder Pedals: located above a rigid foot res® platform at each sids of the
fuselage and intercomnechted with the pilot s rudder pedals. No adjustmenn is provided,

2. Elevator and Allsron Conbtrol is accomplished with a column and wheel assem-
bly which operatss the flight surfaces in the order nsmed. Thsse controls may be dis-
connected and stowed in the forward position by firsm pulling, fhen turning the laftch,
locaned near the center of the wheel; and second, turning the knob located on the right
gide of the column teo disengage the elevator. Push the columm forward, hard, into spring
latch. A wedge shape bracket ie clamped to the column as an assurance against fouling
the column with the gun carriage in case the latter is left in the forward position, whith
the controls are engaged.

5. Elevaror Wrim Tab is controlled by rotating the Transmission shaft at the
left side of the fuselage by means of the hand grip provided

4. Throttle and Mixture Control Unit located on left side of fuselage, inter-
commechted with pilot-s Unit. No supercharger regulator levers are provided. The co-
pilot nsan richsn the fuel mixture, bubt can not lean it.

Location of Eguipment

1. Oxygen Controls consglat of a valve located above the lefT rudder pedal to
regulate the co-pilot:s supply:; a switeh for coperating the heater which is mounted ad-
Jacent to the regulator valve, and the supply conbrol valves on the cylinders. A flow-
meter should be installed adjacent to the pressure regulator, and a pressure gauge
should be insgtalled directly above the cylinders

2. Fire Extingulsher, a ome quarht Pyrens hand type is secured in a bracket
located on the top left gide of the fuselage below the windshileld

3. Cockpif Enclosure is a wmovable hood mounted on rollers and secured to
tracks on each side of the fuselage. The handle provided inside on the upper left side
of the hood is equipped with a latch which is operable frowm both sides. The hood may
be locked partially open by engaging the latch in the slobs provided along the track.

The rear streamline section is so constructed that 1t can be folded down
against the top of the fuselage. This is accomplished by pulling the opsrating handle
toward the operator. To open the sectlon, raise the cenfer panel with one hand and
push the handle toward the rear.

L Machine Guns. The upper rear gun ig mounted on a carriage which is re-
tained by rollers on a semi-circular track in the fuselage. A hand operated friction
lock permits the carriage to be clamped at various degrees around the ftrack. A sec-
tion of the track is painted black to indicate the proper stowage position of the car-
riage. A friotion type clip is iumstalled on the right side of the cockpit coaming aft
of the ssat for holding the gun in the stowed position.

To gtow the gun, latch the mounting post in the extreme right hand notch
by means of latch at ths base of the posth. [(For all normal gunnsry the post may bs
left in this position!. Move the ~arriags fo the stowing position indicated on the
tirack. Retracn the lock al the right side of the mounting post and push the gun forward
into the laftch on the cockpit coaming.

Warning: Exfhreme care must bs exerciged when operating the gun not 1.0 shoob
into fThe empennage surfaces.
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The lower rear gun is mounfted on =z post in the bofttom of the fuselage and
operated through a door provided in the bottom. The door is raised by means of a latch
handle and is held up by a cross bar and tension spring clips. The gun muzzle is stowed
at rest in a clip located at the left side of the fuselage. Windows are provided in the
fuselage oppositse the botbtom gun to increase vigibility.

Stowage 2lips are provided for 12 ammunition boxes directly in front of the
operator during gunnery operations.

5. Landing Flares: Two of the parachute type are carried in the flare release
tubes in the rear section of the fuselage. They can be released by the pilot. The
tubes are refilled by releasing the latch located between them at the top and pulling
them forward. ¢lose the bottom doors securely before refilling. Attach parachute re-
lease wire to the fop cover of tube before closing and returning to original posiltion.

6. Signal Flares*are carried on the side of the fuselage aft of the co-pilotis
cockpit. The firing pistol is carried on a bracket located on the lower right longercn
ad jacent to the co-pilot, In discharging the pistol it is advisable to fire with the
elbow cocked so the force of the recoil is absorbed by a rearward movement of the arm.
Fire slightly to the rear and upward.

7. Life Raft is stowed in a bag secured to the top of the fuselage aft of the
co-pilot. The bag contains two COp, bottles for inflating, two oars, rope, and a hand
pump to maintain pressure.

8. Seat of the folding type is attached to the left side of the fuselage. A
latch is ingtalled for holding the geat in the folded condition. A gtep is provided on
the bottom of the seat to ald ingress when the seat is folded.

G. Safety Belts: a type B-6 is provided in the fuselage for the co-pilot when
he is seated. This tType buckles over the co-pilot-s lap A type A-3 belt 18 furnished
for the rear gunner g safety support. This type attaches to a hanger in the floor and
to the operator s harness. Nermally it is removed from the airplane.

BB Radio Operator-s Compartment

Note: The airplane will be equipped with a two way communication set for tele-
phone or telegraph, a radio compass for bearing indication and direction finding, and
the five station interphone system. This equipment is manufactured by the Nederlandsche
Seintoestellen Fabrick {N.S.F.} Co., Holland, who furnish complete instructions for the
ingstallation and operation.

1. Bomb Door Control is a crank handle located on the right side of the com-
partment aft of the rear wing spar bulkhead. The doors can be normally raised and

lowered with this crank.

2. Emsrgency Bomb Release is a pull type handle located at the right side of
the fuselage aft of the door hand crank. When pulled, it releases the bomb doors which
open, then unlocks the releasable union in the fuel line for the bomb bay tank if in-

stalled, or releases the bombs in salvo.

%. Bomb Door Closing Control is a pull type handle located on the rear left
gide of the rear wing spar bulkhead It is pulled while turning the bomb door crank to
close the split nul on the door operating screw.

L, Oxygen Supply. A bayonet type base is provided on the left side of the
fuselage. Provision is made for a pressure supply gage on the bracket with the bayonet

base.
*Optional Special Equipment.
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5, Beat: a folding type attached to the fuselage structure on the right of the
airplane, and retained in the folded condition by a spring clip fastener.

6. Table:; a folding type attached to the right side of the fuselage.
held in the folded condition by means of a spring clip fastener.

7 Window for the drift sight is provided in the bottom of the fuselage. It
can be raiged for cleaning and is provided with two latches for holding it open or close

It is

CC. Bomber and Nose Gunner s Compartment

1. Instruments installed on a panel at the left side of the fuseslage nose con-
sist of:

(a) Altimeter-Range 10,000 m., barometric pressure scale from 890 to
1060 millibars.

(b} Airspeed Indicator (0-500 km./hr. )

(¢) Clock

(d) Air Temperature Indicator

(e) Compass (Magnetic) suspended from the top of the fuselage.

2 Instrument Switches A toggle switch is provided below the instrument
panel for energizing the circult to the pilot director. A toggle switech 1s provided
at the top of the instrument panel for operating pitof static head heater.

3. Bomb Release Handle located on the right side of fuselage and equipped
with a spring-loaded lever for fixing the INTERNAL racks in either the "Locked",
"Selective" or "Salvo" position. This release cannot be operated with the bomb doors
closed. When in the "Locked" position, the electric release cannot operate.

The EXTERNAL bomb racks may be released manually in an emergency by means
of the Emergency Release Handle which is located Just below the machine gun turret on
the right side of the fuselage This handle is painfed red.

L Bomb Rack Locks. The internal rack release handle is safetied in the
"Locked" position by means of a plunger operated by the bomb doors through a cable
gystem. Opening the doors retracts the plunger from the release handle. The ex-
ternal racks are locked against inadvertent electric release by 2 spring loaded
handle located on the right side of the fuselage aft of the red emergency release

handle

5. Arm and Safe Control Handles for both the internal and external bomb racks
are located aft of the bomb release handle and are used to fix the rack mechanisms go
that bombs will be released either "armed" or "safe" as desired  These controls have
no effect on the actual release of bombs

6 Bomb Release Switches are provided on the box located below the manual
release handle on the right side of the fuselage  For purposes of description they
are indicated here by numbers placed in the lower leftf hand corner.

LIGHT Wmmcm'oa

PO=B® |

Switch No., 1 ig used to test the external
LEFT ON bomb rack indicator lamps, (Item No. 6)
C) Switch No. 2 turns the external indicator
RIGHT OFF | lights on and off.
TEST GHTS Switches 3, 4 and 5 are self-explaining.
L %%?é%ﬁﬁf‘ﬁﬁﬁ??‘"—“ Item No. 6 is slide cover for external
XTERNAL EXTERNAL rack indicator lights
" ON TRAIN ON Switech No. 7 is a push button type used
C)OFF C)Of? C)OFF for selective release of all bombs, de-
SELECT pendent upon which position switches 3, L
@ soMB |@ soMBs|® somus or 5 have been placed in. For selechive

release, this switch must be released be-
tween the dropping of each bomb. "Train”
release of the internal racks 1s accom-

BomMBg ) plished by placing switch No. 4 in "TRAIN"
pogition and holding down the button,
@M(} (Switch No. 7) until the racks are empty.
OFF
@ o aae
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Switch No. 8 is used to energize the circuits to the bomb rack releases, Thils switch
mugt be "ON" to relsase any bombs electrically

7. Bomb Sight, Provisions have been made for installing a Gosrz bomb sight
in the floor of this compartment

8 Bomb Door Conurel Urank is located om the right, side of the bomber's
compartment. above the entrance door It is usgsd for normal operarion of the bomb

bay doors

9. Butrance Door to the bomber 8 compartmen® is located in the bottom of
the fuselage forward of the pilot g cockpit It may be opened from the outside by
pulling down the handle, then turning; or from within the fuselage by pushing, then
turning the handle.

A folding ladder which is hinged to the bulkhead aft of the door may be
extended out of the airplane, or latched in a horizontal position above the door
to provide a walkway to the pilof s cockpit  Normally, it should be kept folded
up agalnst the curctaln thereby leaving the door opening «lear for emergency exit.

10 Bomber s Seat is a Tolding type secursd to the lsft gide of the com-
partment. floor  IF wmay be pushed againgt the gids of the fugelage during gunnery

operations

11. Noge Gun is =arrisd on a special roller mount which is retained on a
vertical track, part of the dome type turret. The dome furrset is also mounted on
rollers and refained on 4 cireular track. The gun mount is equipped with latch
handles which provide adjustment of the gun carriage in the up and down directions,
and which permit. the rotation of the complete turret through 360 . The turret may
be locked in various positions throughout ons complste rotation A swinging seatl
is provided ia thes turret for the gunner Stops on the circular track limit the
rotation of the turret to prevent firing into thes propellsesrs These atops can be
lifted to psrmin complets rotation of the turret

12 Oxggen Equipment consiste of a pressure supply gauge and bayonet type
connechor lo~atsd on the lsft side of the cockpifs  The supply is controlled by the

piloh

13 Curcains ars provided befween tne bomber’s and pilot -8 compartments
no reduce drafts They may be locked shut on the Dbomber s side

DD, Procedure Tor Loading and Releasing Bombs

1 Geaeral
The following loads may be carried on the ianternal Racks  The propsr
stations are shown on the racks and on the load indicator.

~ 1130 1b. (512.5 kg )} bombs, or
- 625 1b. (283 5 kg.) bombs, or
-~ 300 1b. {129.% kg.! bombsg, or
- 122 1b | 55.3 kg .) bombs

O AT A O

The following load may be carried ou each of ths *wo external racks:

1 - 2000 1b ({907-0 kg-) bomb, or
1 - 1130 1b (512 5 kg } bomb, or
1 - 625 1b, (285.5 kg. ) bomb.
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Crank operated bomb hoisting drums for loading the internal racks are
stowed in the top of the fuselage aft of the co-pilot. They are marked "Left"
or "Right' and are installed in bracketsg outside the fuselage beneath the wings.
Pulleys for the bomb hoist cables are provided in the top of the bomb bay.

A portable unit for loading the external racks is stowed in the tail
of the airplane aft of the rear guuner's station. The internal holst drums must
be installed on this unit when it 1s used.

2. To Load Bomba on the Interrnal Racks

Inatall hoisting drums on sildes of fuselage and attach proper size
glings.

Place bomber's releases in "Safe" position, that 1is, Switches No. 4
and 8 in "OFF" position, manual control handle in "Locked" position,

Cock the statlons to be loaded, using the cocking wrench which is
carried on top of the longercn at the right side of the airplane.

Check indicator.
Install the shackles on the bombs.
Fix the arming wire in the shackle,

Fuse bombs in accordance with standard Service Regulations. DBombs may
be fused either before or after loading on the racks, depending upon the method
desired.

Hoiat bombs to proper station and hook shackle to rack.
Close bomb bay doors securely.

5. To Releage Internal Bombs

Open bomb bay doors.

Place release handle in "SELECTIVE" position.

Place "arm and safe" handle in position desired.
Place rack energizing switch (No. 8) in "ON" position.
Place awitch No. 4 to "SELECT" or "TRAIN" as desired.

Release bombs in accordance with instructions given in the data accompany-
ing the type of bomb sight used, or:

Release bombs with the push button switch (No. 7).

Caution: Always return the arming handles to the "SAFE" position except
when actually bombing.

The homber can salvo the internal bombs after opening the bomb doors by
pulling the manual release handle fully back.
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The pilot or the radio operator can open the bomb doors and release the
internal racks by pulling the emergency release handle provided for each.

i, To Load External Bomb Rack

Assemble portable unit and internal hoisting units together and install on
external rack. It is necessary to disconnect the flexible electrical conduit from

the bomb rack in order to provide clearance for the bomb hoist.

Install the pulley brackets on the rack. Always check position of solen-
oid cocking lever for full up.

Place the external rack lock handle (located in bomber's compartment) in
"SAFE" position to prevent inadvertent electrical release, '

Check the return position of the emergency release cams in the pillot's
cockpit by pulling the stop cables. The left cable is secured to the longeron
under the cam, and the right cable is attached to an eyebolt on station 2F cir-

cumferential rib. The cables are reached from the bomb bay.

Open the bomb hooks by pulling the release rod forward and pushing the
tee handle of the 600-1100 1b. cockpit rod aft.

Hoist bomb into position on proper hooks.

If 1100 or 600 1b, bombs are loaded, the large hooks for the 200 1b.
bomb should not be cocked. However, the small hocks must be cocked when loading

the 2000 1b. bomb.

Latch the small hooks by pushing the release rod aft and at the same time
pulling on the 600-100 1b. tee handle. Next make sure the small hocks are complete-
ly closed, by moving the small latching lever located on the right side of the rack

"to the latched position.

When loading the 2000 1b. hooks, repeat the above procedure, then pull
the 2000 1b. tee handle forward and raise the long latching lever on the right

gside of the rack to the latched position.
Check both levers for security before releasing the bomb support.

Install sway braces, replace electrical cable, and nose fairing; remove
pulley brackets.

5. To Release External Bombs

Move lock handle to "ARM" position,
Place switch No. 8 in the "ON" position.

Place switch No. 3 or No. 5 in the "ON" position depending upon which
bomb is to be released.

Relesse bomb with switch No. T.

Emergency release of these racks can be accomplished by pulling the red
tee handle located above the controls on the right side of the fuselage. The
pilot can also release the external racks in an emergency.
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EE, Flight Plan

In order that good fuel economy may be obtained in flying these air-
planss, the remalning pages of this Section II-A are devoted to suggestions and
performance curves which should be instructive and helpful in planning flights

where fuel economy must be considered.

During operation of the airplane, fuel economy and range are directly
affected by the following factors:

(a) Speed or horsepower used in flight,
(b) Altitude of flight,

(¢) Gross weight of the airplane,

(d) Winds encountered,

{e) Fuel/air ratio as set by the pilot.

These factors considered in turn show that:

(a) At a definite condition of altitude, gross weight, and wind, there
iz one horsepower or speed at which an airplane should be flown in order to ob-
tain the best fuel economy. This best speed (for maximum range) is showa by the
curves of max. L/D on Graphs 4 to 8 inclusive.

(b) The altitude at which the airplane is flown is usually controlled
by prevailing winds, weather conditions, height of mountain terrains, and tacti-
cal requirements.,

(¢) The gross weight of the airplane in flight is conatantly changing
due to the consumption of fuel and the expenditure of bomb loads. The effect of
these changes in gross weight on power required and/or fuel economy is shown on
the km./liter curves on Graph 3. The usual method used to calculate the varying
welghts of the airplane for a flight is to break up the distance of the flight
into any number.of sections and determine the average gross weight for each sec-
tion by subtracting the weight of fuel consumed and bombs released from the weight
of the airplane. Where the flight conditions (altitude, alrspeed, headwinds, etc.
are unchanged, two sections only are necessary. (See the accompanying problem.)

(d) Winds have a great effect on the range of an airplane, but have no
effect on the amount of power for a given airsgpeed. The economical airspeed (air-
speed for maximum range) in a headwind is slightly higher than the speed at maxi-
mum L/D (economical speed in a calm).

~(e) The use of the Cambridge Mixture Indlcator should enable the pilot
to operate the engines with a good fuel mixture, provided the instrument is in
proper adjustment. Howsver, the amount of fuel required by any airplane when
flown by different pilots will vary slightly.

To insure good fuel economy and to prevent unnecessary abuse of the
engines, particular attention should be given to the R.P.M. at which a power is
obtained. Flight tests have indicated that the combinations of power, R.P.M.,
and manifold pressures ag shown on Graph 1 are approximately the best.

To assure the successful completion of a flight, it is imperative in
making a flight plan to set aside a certain percent of the fuel carried as a
reserve. This amount of reserve fuel will naturally vary with the accuracy of
weather information, radio communication, available landing fields,; etc. A
minimum percent fuel reserve can be determined from flight practice in the
locality of operations.
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In general, practice missions will not be performed on which the flight must
be made at speeds of maximum L/D However, many flights are of such range that it
1s necessary to determine the limiting speed or power which may be used in the
flight in order to assure successful completion with the amount of fuel carried on

board the airplane.

In order to more clearly describe the use of the saccompanying curves in laying
out a flight plan, a typical problem is given below using one method for solving.
1t should be understood that the method used is not intended to dictate the only
method by which all similar problems can be solved.

Problem

It 18 desired to fly with 1000 kg. of bombs, carried on the internal rack, to
an objective 1100 kilometers away where the bombs are to be dropped. The airplane
is to return to the original airport. The following conditions are known to exist:

1. Redio communication with home airport only.

2. The prevailing wind at 4000 meters altitude will be an average 30 Kmd/hr.
tail wind while flying toward the objective. Below 3000 meters the wind will be
generally a cross wind of unknown velocity while flying both to and from the ob-

Jective.

3. The only landing field to be considered iz the home airport.

L, Amount of fuel on board. . « . « « « + = v & o 4 « + .+ - .1953 liters
20% of fuel as reserve . . v B ok 8 s s B ow o owow e e S0 1IEERE
Fuel to be consumed in fllght i v ow s v ow o % 5 % wow ¢ #3068 Liters
Gross weight at start. . . . 7800 kg.
Gross weight, end of flight {less fuel and oil consumed
and bombs dropped) spproximately . . . . . . . . . . . .5680 kg.
Solution

Reduce the 2200 kilometer (both directions) flight into four sections of 550
kilometers each. To calculate the average gross weight of each section, assume
that the fuel will be consumed equally in each section at the rate of 280 kg. each
gsection. Therefore, at the end of the first section flown, the gross weight is
reduced to 7520 kg., and the average gross weight is 7660 kg. Similarly, the
average gross weights for sections 2, 3, and 4 are calculated as shown in the
following list which includes the firgt section.

1lst section. . . . .T660 kg.
2nd section. . . . .T380 kg.

]

Average gross weight
Average gross weight

(Bombs dropped) .
Average gross weight - 3rd section. . . . .6100 kg.
Average gross weight - Lth section. . . . .5820 kg.

The flight plan will specify that the flight out be made at 4000 meters
altitude, and the flight back at 3000 meters altitude. *5ee note below.

The kilometera per liter at LOO B.H.P. at 4000 meters altitude should now be
determined for the first and second sections, using the average gross weight of
these sections. Since the wind velocity at LOOO meters altitude is known, these
values of km./liter should be corrected as shown in the following example.

¥NOTE: It will be noticed on the following chart that the plan calls for the third
section to be flown at 400 H.P. This is done because there is ample fuel supply,
and it was felt that perhaps the pilot would prefer to leave the vicinity of the
cbjective as rapidly as possible.
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Corrected km./liter - (Uncorrected km./liter)(Ground Speed)
Air Speed

The airspeed is obtainable from Graph 8.

For Section I (Gross Weight = T660 kg.)

Corrected km./liter = 1.32 x 312 = 1.46 km./liter
282

This procedure should be followed through for each section, but of course, the
values of km./liter for Sections 3 and 4 on the return flight will be taken directly
from the curves on Graph % as the wind condition is not known.

When complete data are obtained, the information should be put into a compre-
hensible flight plan for the pilot similar to the following:

FLIGHT PLAN
Av, *Air-
Section | Gross|H.P.| Alt. |Time|Total|Dist.| speed|Ground | Km./ |Fuel |Total
No. Wt. |Per |Meter|Hrs.|Time | (Km.)| Km./ |Speed | Liter|Liter|Fuel
Kg. |Eng. Hrs. Hr. ' |Km. /Hr. Liters

L 7660 | 40O | 4000 |1.78|1.78 [ 550 282 | 312 1.46 | 380 | 380

2 7380 | 400 | 4000 | 1.74]|3.52 | 550 287 | 317 1.49 | 372 | 752

3 6100 | 400 | 3000 | 1.90|5.42 | 550 291 291 1.35 L1z 1164

L 5820 | 300 | 3000 | 2.15|7.57 | 550 257 257 152 367 {1531

Note: If, for any reason, the objective is not reached on schedule, reduce
the power in the third section to 300 H.P.

*The airspeeds shown are true alrspeeds and should be reduced to indicated
airspeeds for each altitude and for each particular alrplane airspeed-meter
installation, i

IMPORTANT NOTE: THIS TYPICAL FLIGHT PLAN, AND GRAPHS NO. 1 AND NO. 2, ARE
BASED_Oll_LOW GEAR BLOWER OPERATION FOR GREATEST FUEL ECONOMY.
USE OF HIGH GEAR BLOWER INCREASES FUEL CONSUMPTION APPROXI-
MATELY 25%. -
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PILOT 'S READY REFERENCE CHART
GR-1820-G5 Engines (W.A.C. Spec. 286-Q)

TNSTRUMENT READINGS Range and Endurance for 300 liters of
fuel at a gross weight of 7500 kg.:

Cyl. Hezd Temp.~ Max. . .
(15 Min. Duration) 500°F _(260°¢) b -
Cyl. Head Temp.- Max. - % . He | bl ﬁ
[Coa‘..tlrlmoue Operation) LOOSF (205°C) tbﬁn = ﬂ@ q:@ o — béé
Cyl. Head Temp.- Max. Bt o B 23 o
(Cruising) | 370%F 1188°%) S (B3 |85 |58 | B8 | Ho
: - o= A I O =S @ g oY
03] Temp. - Desired 1LC°F_(60°C) B 219878 qé
01l Temp. - Max. 2109F (88°C) '
il Press. 50 to 65 1b./sq.in. 600 |8.L. ] 303 1 305 | 85.0 | .28
(3.51-4.52 kg./Cm®) 600 | 1000 | 314 | 299 | 87.9 28
Fuel Press. ' 3.5 to 4 1bi/eg.in. 600 [2000 [ 325 [ 294 | 90.7 28
(.21-.28 kg./Cm=) 600 |3000 | 557 | 200 T .28
Vacoum 3 to 5 in, Mercury 200 |S.L. '9'.3'2_7%9'."502%'.5 36
(76.2-127.0 Mm) 500 | 1000 | 292 | 277 | 105.0 .56
Gyro Pilot 01l Press. prprox I 78 1n, /Sq 500 [2000 | 301 [ 272 | 108.5 [ .36
in. 15.27 kg. /Cm 500 |3000 [ 309 | 267 [111.4 .36
500 _JLO00 | 320 | 261 | 116. S 5T
| ENGINE OPERATION i W.P. |59 400 |S.T. | 258 258 [ 1183 | kb
{Subject to +23% f g cw s mloE 2 400 1000 | 264 | 251 | 121.7 46
Variation ! 24 Oom |[Hid|bdsn 40O 2000 | 272 | 246 | 125.2 .46
Emergency and Takeoff ]|950]22001100.5139.5]7.14:1 400 13000 | 278 | 241 | 128.2 . 46
Rated Power (S.L.) 85012100] 90.6(35.7]|7.14:1 Lo0Q L LO0O | 285 | 235 124 6 ,uﬁ
Rated Power lst Crit. A00 I8.L. | 2194 219 11287, 75
Alt, 6000 ft (1828 m) 1850(2100f 86.3]34.0f7.14:1 300 | 1000 | 224 | 212 | 129.9 .58
Rated Power 2nd Crit. 200 J 2000 ] 228 | 208 | 133.9 .50
Alt.15200 £t.{4132,9m)| 75012100} 85.9]133.5]110.0:1 200 | 30001 232 201 | 1%6.9 .59
Max. Cruising Limits |[600|1900 300 4000 | 233 ) 191§ 141.5 B1
Recommended Cruising '
Limita 50011850] ---=]--a- Range and Endurance for 100 liters of
fuel at 300 H.P. and a groas wt. of
TAKE-OFF CHECK 5500 kg, :
Cowl Flaps- - - = = - = = = = - - - - - - = CLOSED 200 | S.L. | 237] 237 ] 138.2 .58
Wing Flaps- - - - - = - =« =« - - - - UP NORMALLY * 300 | 10001 245 233 | 142.0 .58
Propeller Governors (2200 RPM)- - - - - LOW PTIICH 300 | 2000 | 253 | 228 | 148.0 .50
Control Tabs- - - -~ = - = = = = - = - ~ -~ NEUTRAL 300 | 30001 259 | 224 ] 15%.2 .59
Mixture Controls- - - = - - - « - - = _ FULL RICH 300 | 4000) 266 | 217 | 161.4 61
Cross feed Valve- - - - - - - = - - — - - - - - O Range incresses with lighter gross
weights, and decreases with greater
LANDING CHECK groas welght. To correct range for
Landing Gear- - - - - - - - - - - - - — - - = DOWN wind, multiply asctusl ground speed by
Propeller Governors (2100-2200 RPM) -~ - LOW PITCH endurance in hours.
Mixture Controls- - - - - - - - - - - FULL RICH Note: The above indicated airspeeds
Supercharger Spead Control- - - - - - - LOW SPEED ghould be calibrated for installation
Supercharger Begulator- - - - - - = = -HIGH BOOST and instrument errors for each airplane
WARNTNGS
1. Cowl flaps must be open for all ground operation of engines,
2. Start engines with prop. in low pitch and warm engines up with propellers in low pitch.
3. Keep Cambridge Mixture Indicator turped '"On" at all times while engines are running.

Do not lower flaps at an airspeed above 200 kilometers per hour.

5, Do not dive airplane faster than 40O km./hr.

&. Do net perform any of the foliowing maneuvers: Spins, Rolls, Immelmanns, Inveried
Flight, Loops, or Fast Dives.

7. Start engines with gupercharger speed control in "Low Spesd” position.
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Section II-B

Protective Coatings and Finishes

A. Anodic Treatment

The protection of the structural parts of these airplanes from
corrosion; and also the paint finishes applied thereon, are in accordance
with the standard methods and approved processes.

In gereral, all aluminum, and aluminum alloy parts, except as noted
below, are given the anodic treatment in detail, after cleaning and prior to
application of Zinc Chromate primer. The following parts have not been

anodized:

(a) Aluminum alloy castings
(b) Aluminum and Alclad aluminum alloy parts for fuel and

. 0il tanks
(c) Aluminum alloy fuel and oil lines
(d) Aluminum alloy forgings with a diameter or thickness

greater than 1/8 inch
(e) Aluminum and/or aluminum alloy conduit for electric

wiring and control cables.

B. Cadmium Plating

In general, all steel parts including washers and iron rivets, are
cadmivm plated by electrolysis. No plating has been given the following parts:

(a) Parts manufactured from corrosion-resistant or

stainless asteel

‘b) Large welded structures, such as engine mounts

[e) Cables and springs. (Except as specified on drawings.)
) Members or parta of members which act as bearings or

Journals.

(e) Spring steel lock washers.

C. Paint Surfacing

In general, all parts have been painted in detaill with the specified
priming coat or coats, sprayed or dipped on immediately after the anodlc treat-
ment, or after plating or cleaning, but before assembly. After assembly, addi-
tional coats of paint have been applied as specified. Parts or surfaces not
easily accessible after assembly are given one or more coats of the specifiled

final finish prior to assembly.

The final finish is a "Dulux" enamel, a product of the E.I. Du Pont
de Nemours and Company, Philadelphia, Pennsylvania. This finish should be al-
lowed to harden for approximately 60 days after delivery of the airplanes before
it is polished or waxed. In the meantime, it will maintain its new appearance,
color and gloss if it is washed with fresh water and mild soap solution when
necesgary. One of the two methods of finish preservation noted below should be
followed after the time noted above has elapsed.

1. Use a combination cleaner and polisher such as #7 Duco Polish
"Speed Blend" as required. (du Pont Product.)
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2. First clean, then wax the enameled surfaces, using materials

such as du Pont Cleaner and Duco Wax.

Note: The second method requires more time, but it offers more
protection to the enamel from dust and the ultra-violet rays of

the sun.

3. The shades of enamel and pigmented dope employed on these air-
rlanes are as near as posslble to the shades represented by

the following commercial indices:

List of Finish Shades & Specifications

Light Blue Enamel duPont
Yellow Enamel duPont
Insignia White Enamel duPont
Ingignia Blue Enamel duPont
Insignias Red Enamel duPont
Insignia International Orange
Enamel duPont
Insignia Black Enamel duFont
¥Aluminum Lacgquer duPont
Albron
Yellow Semi-Pigmented Dope duPont
White Pigmented Dope duPont
Blue Pigmented Dope duPont
Red Pigmented Dope duPont
Dull Black Lacquer duPont
Zinc Chromate Primer duPont

85-5293
85-5288
83-508

83-5290
83-5289

83-5400
83-005

#1913

#325 (Pigment)
J-906319
J-895348
J-895346
J-8953u7
J-92-6L06
P-27a

*NOTE: Aluminum Lacquer is made up on the job (at time needed) by mixing
either 8 ounces Albron 325 mesh Powder, or 12 ounces Albron 325
mesh Paste, with each gallon of varnish specified. Albron powder
and paste is made by the Aluminum Co. of America.

D. Finishes

* The interior surfaces of the wings and tail surfaces are painted with one
coat each of zinc chromate primer and one coat of aluminized zinc chromate primer.

The interior surface of the fuselage iz painted with zinc chromate primer

and aluminum lacguer.

The exterior surfaces of the fuselage, landing gear, and engine nacelles
are painted with zinc chromate primer and light blue enamel.

llote 1: The exterior surfaces of the wings and tall surfaces are painted

with zinc¢ chromate primer and yellow enamel,

Note 2: The fabric covered portions on the wing and tail surfaces (except
the rudder) are coated with yellow semi-pigmented nitrate dope.

The rudder is painted with three horizontal stripes of equal width. The
top stripe is red, the center stripe white, and the lower stripe 1ls blue.

¥4 luminized zine chromate primer is mixed using b oz. 325 mesh aluminum powder per

gallon of zinc chromate primer.
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_ Alclad parts are painted only when it is necessary that the appearance
of adjacent parts should match.

E., Piping Identification

The following colors and color combinations (bands) are painted on the
various piping systems to readily identify them.

Fuel Red

0il (lubricating) Yellow

Fire Extinguisher Brown

Flotation Equipment Light Blue

Oxygen Light Green
Airspeed Black

Manifold Pressure White & Light Blue
Vacuum White & Light Green
Exhaust Analyzer Light Blue & Brown
Flap Lines Yellow & Gray

Gyro Pilot 0il Lines Yellow & Black
Brake Lines Light Blue & Yellow
Compressed Alr Lines Light Blue & Light Green

F. Painting Instructions

The following instructions are recommended for retouching paint
finishes.

1. Area to be retouched should be thoroughly "de-waxed."

This should be done to a distance of approximately 12 in. (30 cm.)
around the area to be retouched. Any wax remaining will cause finish to peel.
De-waxing may be done as follows:

a. Wash area with a mixture of 50% kerosene and 50% water
and wipe dry.

b. Wash with a solution of water and mild soap.

2. Where finish has peeled or Plakei, loose paint should be peeled off,
and edges tapered by rubbing with fine sandpaper such as No. 320.

3. Burface around de-waxed area should be masked to prevent settling
of flying paint particles.

L, Spray peeled or flaked area with light coat of Zinc Chromate Primer.
(A light coat is better than a heavy one.)

5. Lightly rub primer with sandpaper when dry, and wipe with clean
cloth. Allow It hours drying of primer.

€. Spray finish coat on, taking care not to spray up to masking ma-
terial, as this will result in a ridge.

7, Remove masking as soon as final coat is sprayed. Leaving nasking
tape on a light-colored finish for any considerable length of time may result
in discoloration.
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Pailants for retouchicg will give the best resulta wher thinned as
follows:

4. Enamels---use 10% thinrer.
b. Lacguers---use 30% thincer.

Aluminum enamels and lacquers must be mixed fresh each time used, as
the aluminum powder will abaorb the varnish or lacquer and not leaf properly
if mixed more than 5 or 6 hours before using. The proper proportions for mix-
ing are: 8 oz, #5325 mesh aluminum powder (or 12 oz. of aluminum paste) per gal-
lon of unthinned varcish or clear lacgquer. -

"Blending" of the retouched areas may be done by lightly rubbing the
retouched area with rubbing compound. Care should be exercised not to rub
through the finish; ard 48 hours dryi'g of finish should be allowed before
blending. Bleanding should be followed with a wuX cout.
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SECTION IIT

GENERAL INSTRUCTILONS

A, Ground Anchorage

Whsn the airplans is to be left outside for some time, it should be headed
down wind, and the control surfaces locked in the pilot's cockpit. A strap is pro-
vided oun the rudder cross hubs for locking the aileron and elevator controls for-
ward. ‘This strap ghonld be wrapped around one spoke of the control wheel, and
then passed forward around the control column to the cross tube, and the buckle
drawn tight in ordsr to sliminate whipping of the surfuaces. By pushing the right
rudder pedal forward, tune rudder controls may be locked by means of a lockpin on
the right rear corner of the pilot's floor, The airplane may then be staked down
from three points, mooring lines being fastened to the loop forward of the tail
wheel, and to the two fifftings on the outer wing panels under the front beam, TIf
the alrplane is left out of doors in extremely high winds, 1t 1s advisable to in-
gtall padded aafety boards acrogs the tail surfaces as shown in Figure 5-B. These
boards should be usged in lieu of the devices previously described any time high

winds are expectead.

B, Towing

Towing fittings consisting of an eyebolt and shackle are provided on the
landing gear fork sfruts. The airplane may also be towed from the salvage loop
located Just in front of the tall wheel, but care should be taken that the tail
wheel or the rear fuselsge fairing is not damaged by the towlng lines.

C. Lifting

The fuesslage tail can be lifted by passing a tube through the fuselage at
a point Just in froat of the stabillizer. The tail can then be lifted by persomnel,
or by a chain hoist.

CAUTTON: The lifting tube, or bar should be passed complstely through
the Tuselage, because the fixed tube in the fuselage is of light gauge
aluminum slloy and may be easily damaged if the hoist bar is passed only
partly through, and the fuselage lifted from only cne side.

D, Access Doors

Inspection and access doors, which are secured with screws, are provided
at different places in the wings for inspection, or removal of certain items. Since
they constitute an important part of the primary structure, they must be carefully
replaced.

Tmportant.: Screws of two different lengths have been used to secure the
tank doors in the center wing; the longsr onss, A-4619-10-16 are used to athach the
doors along the front and rear spars, and the shorter ones, A-4619-10-12, are used
at all other points of abtachment., Care should be exercised when replazing these
doors hbo ascertain that the proper length screws are used at the various places
The wing map cover screws ars the sgame as the short lengbh tank door screws. The
nuts on the bolts which attach the fuel pump bracket are accessible through ths
landing gesar wheel well,
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E Anchor Elagtic Stop Nuba

The Elastic Stop Nubs inside the wing on all access doors may become so
tight, as to damage the slofts in the screw heads unless lubricant is puf on the
threads before inserting the screws in the auts It is also very important thab
3 large screw~driver of the proper size be used on bthese screws in order not to
injure the slot. A tightener may be secured from the Elastic Stop Nut Corporation.

The nge of Elagiic Stop Nuts ls permitted for asssmbling hogether sections
of the main fuselage strusiure, and for attaching brackets, fairleads, clamps, and
other miscellaneocus items when the attaching bolts are in shear. These nuts are
not to be used where the attaching bolts are in tension

Do not use an Elastic Stop Nuf 1f it appears loose. Normally, they cannot
be used more than three ftimes as the efficlency of the fibre filler is reduced each

time the nuft is removed

F. Hoieﬁig&

Provisions are made on the front wing spar ab the engine nacelle for holst-
ing the airplaane while the tail is on the ground These fittiings are accessible by
removing the upper section of ths nacelles cowling

CAUTION: These fithings are designed for hoisting the airplane with the
tail on the ground, primarily for checking the operation of the landing gear 1
the tall is ralsed until the alrplane 1s level, The holisgt chaln may damage the
fixed gention of cowling aftached to the wing just behind the hoist fittings  If
it is desired fo level the airplane, see Paragraph G

The oufer wing panel, when detached frow nths wing stub, may be hoisted
with a sling attached to two eye-bolts which must be scrswed into fibttings provided
on the front znd rear wing spars at Station No 17 approximate center of gravity).
The eye bolts, No AN h6wh; are stowed in the bag containing the wing wrenches. The
attaching holes should be keprn :losed with the gpecial screws, No. A-115671, when
the airplans is in service  IMPORTANT: THESE FITTLINGS SHOULD NEVER BE USED FOR

HOISTING THE COMPLETE ATRPLANE. o

G Leveling

Lugs are provided on the wings and fuselage for lesveling the alrplane both
laterally, and fore and aff The lateral leveling lugs are located on the under
gide of the rear wing gpar on the right side of the fuselage These polnts are
marked on the lower surface of the wing Fore and aft leveling lugs are located
on the right gide of the fuselage beneath the wing, and are parallel fto the thrust
line of the alvplane. When leveling the airplane, the rail should be raised slightly
above the level position and the salvage loop blocked up, and then tied down securely
in this position To obfain level longitudinally and laterally, Jacks should be used
at the Jack pads under the front spar,

H. Jacking Up the Alrplans

Jacking pads are provided on the under sgide of the front wing spar at the
wing hinge connsctions for 1lifting the airplane. ©Care should be faken that the jacks
do not. slip off these fittings and damage Fhe wing. 1If is importanr that the tail
always be held securely when Jarking up the airvplans.
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Ths wings should not be walked on except where rubbsr walkways are provided
adjasenr to the fuselage, or whare the wings are painted black around the nacelle
fairing Obher parts of ths center sechtion wings can be walked on if hsavy shtiffener
pads or paddsd beoards ars providsd for protection.

A passageway 1s provided through the airplane from the froant gunner-g sta-
tion to the rear guaner g abation. Ion the bomber's compartment, passage over the
s8xlt door is accomplished with a folding ladder normally stowed againet ths bulkhead
curtain, but whish san be latched acrogs the door opening. Do nob step on ths exit
doors as thsey will not support a heavy weight. Passage through the cockpit is below
the pilohb s ssab ~ Ths bomb bay doors are reinforced to permit walking on them. Crew
members should taks hand support from the fixed structure when walking on these
doors in flight as an added precaution against their opening

Whsn ths airplane ieg withoun bomb load or auxiliary fuel tank any member of
the crew can changs places with any other member. When bombs or auxiliary fuel tank
are sarried in the internal bomb bay, the front gunner and the pilot can interchange
positions, or %hs radio operanor and the rear gunner can lnterchange positions k)
cage the pilon is disabled ths fronf gunner can, by hinging down the bottom of the
pilot s seat, lowsr the pllot to the bottom of the fuselage and take his place at
the conirols fn an emergsncy, 1T bombs are carried, they may be releaged and the
piler can pass through the bomb bay to the rear or a rear man pasgs forward to fake

bhe pilot s plass

J  Lubricants and Specizl Compounds
1. Threads
In many cases throughoub the airplane both male and female pipe fittings
are provided 1a aluminum #2lloy  Bxtreme care must be uged in assembling thsse it
tings as ths threads aust bs thoroughly coated with a satisfactlory thread-lubricating
compound to prevent their selzing and tearing loose. A supply of Parker Threadlube
1 furnished with each airpians Lo be used in making such assemblies and repailrs

The threads and shanks of all main steel bolts and pins used for the installa-
tion of the landing gear, tail wheel, and engine mounts, and on the athaching bolts
used when insnalling the wings, ewpennage, and flight control surfaces, should be
given a thin coating of "Graphite Compound-Van Estan numbsr 3", a supply of which is
also furnlshed wirth each alrplane

2. Fittings, Mechanisms. Etc
Tubrication of the various mechanisms in thig airplane as indicated on the
diagrams, Figures 13, 30, 56 and 65, is given in general accordance with the U 3
Army Spscifications The listed materials are considered by this Company to be
closely equivalsnt to the given Spec. numbers

(See Appendix IV for tapulated list.)

K- Reflectors

Silver-surfaced light reflsctors should be polished when they become dull
by first cleaning with fresh water and absorbent cotton, and then rubbing lightly
with absorbent cotton soaked in a good grade of Silver Polish., (Ses list in Appendix
IV.} Followiog this, they should be cleaned off with Carbon Tetrachloride, and then
finally polishsd with dey cotton  WNote: Do no use rouge or scouring powder  The
silver coating is only about .00004 inch thick, and is easily scratched through

L Tablea and Charis
A liagr of Standard Tolsrances covering bolts, bearing fittings, and controls
ig given in Appsuoix V an bhe end of thig Manual An Roglish Matric conversion table

ig also glwsn in Appeqdix ¥ for convenlence
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3/4" Rag or Felt pad.
Nail or glue in place.
(Drive nails deep.)

5/,._1_ v 5:'

'1/2 x 20 bolt

Make from suitable stock
- length as required.

SECURING TAIL SURFACES DURING HIGH GROUND WINDS
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Section IV
Wings

A.  Description

The wings are of the cantilever type comprising a center section, (Fig. 7
and two detachable outer panels, (Figs. 6 and 11). The wings are constructed on
the box type principle consisting of two tensilon field web beams with truss type
ribs or bulkheads betweer, The ribs support a corrugated top reinforcing sheet,
and a reinforced bottom sheet between the beams., The wing nose section and rear
trailing section atructure congists of closely spaced metal ribs formed or trussed
and riveted to the beams, and covered with a thin metal skin. The corrugated sheet
between the beams is alsc covered with a smooth metal skin riveted to each corru-
gation and to tie plates provided on the beam chords.

The entire structure i3 fabricated from sluminum alloy except where high
gtregses and tension justify the use of heat treated chrome-molybdenum steel. All

)5

parts of the wings which are subjected to such stresses are bolted to the structure.

The box beam porticn of the center wing is built semi-integrally with
the center portion of the fuselage. There is no means of detaching the center
wing from the fuselage. i(See Fig. T.) Provision is made in the section for in-
stalling two fuel tanks in each side of the wing outboard of the fuselage. Large
removable access doors are provided in the bottom covering to permit installation
and removal of these tanks. The panels are a structural part of the wing and the
airplane should never be flown when they are removed.

A recess is also provided in the bottom of the wing in which the landing
wheels are housed when retracted. Two oil tanks are installed in cradles provided
on the rear side of the front beam and are put in place through the wheel wells.

The outer wing panels are tapered in both plan and section. (See Fig. 6.
These panels are attached to the center section by means of steel hinge fittings
provided at the ends of the lower beam chords and by means of bolts through the
spar webbs. Elastic stop nuts are used on these bolts. See Fig. 12 for these
assemblies, The gap between the wing sections is covered by a heavy strip of
metal on the bottom between the beams which providés structural rigidity in that
section. These gap strips muat be installed before the airplane is flown. The
assembly of the remaining gap covers is shown in Fig. 12. The corrugated portlons
of the center and outer wings are bolted together with i" diameter bolts at every
corrugated valley, the bolts passing through channels whlch are riveted to the
corrugated sheet. The edges of these members must butt together and be a good

fit in order to transfer compression loads.

B. Flotation Compartments

The nose sectlon of the outer wings between Stations 10B and 15C is
conatructed watertight to provide emergency flotation compartments in case of &
forced landing in water. These compartments are vented by means of two pipe lines
which are supported by clamps on the frount wing beam and which terminate in the
pilot's cockpit. IMPORTANT: These vent lines must be kept clean and free from
dirt and the acreens provided at the ends of the tubes in the fuselage must not be
allowed to become clogged. If stoppage of these lines occurs a pressure differen-
tial between the inside and outside of the watertight compartments will be bullt
up a3 the plane ascerds and damage to the wing structure may result.
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Rubber hose connections between the outer and certer wing panel vent
tubes are accesasible through the wing gap, one being in froot of the beam and
the other just behind the front beam. Drain plugs are located at the lowest
polint 1in each compartment and they should be removed every thirty days to allow
condensed woisture to drain out. Four bilge pump connections have been pro-
vided in the flotation compartment vent lines at the upper longerons, two on
each 3ide of the pilot's cockpit. Access to the 3/4" female pipe threads pro-
vided for the pump connection is obtained by removing the knurled screen re-
tainer nuts from the top of the vent lines.

C. Assembly

The aileron control cablea, sileron tab cablea, and flap control rod
should be installed in the cuter panel before assembly to the center section,
and the erds of the cables should be slipped through the outer box rib of the
center section as the outer panel is brought into position. A tool bag con-
taining wing wrenches is supplied. There are six socket ends, five wrenches
and two socket wrench handles bearing the following part numbers:

Wrenches Wrench Handles Socket Ends
Duufwn 108602 1--A-108603 2--A-108605
1--A--126069 1--A-108604 2--A-108606
1--A--126068 2--A-108607
1--fi=-196070

D. Assembly of the Outer Panel

The outer panel should be hoisted into position and the bolts in the
lower wing hinges inserted.

The 1/L" bolts through the corrugation valleys should be inserted
and drawn up, using the two wrenches A-108602z.

The 7/16 and 5/16 bolts in the top, front and rear beazm chorda join-
ing the outer wing to the center wing should be inserted in position and
tightened as foliows:

L. ?/hﬁ bolts-Insert the bolt in A-126070 using the wrench to place the
bolt in position in the wing, holding the bolt head with socket
A-108607 in handle A-108603 so that the nut may be tightened with
gocket A-108607 in handle A-10860kL. _

i 5/16 bolts-Insert the bolt in A-126069 using the wrench to place
the bolt in position in the wing, holding the bolt head with socket
A-108606 in handle A-108603% and tighten the nut with socket A-108606

in handle A-10860k4.

B The next step is to insert and tighten the l/h" boltas through the
front and rear beams using A-126068 to insert the bolt and holding
the bolt head with socket A-10860% in handle A-108603 and turning

the nut with wrench A-108602.

The electrical wires from the outer panel should be pushed through
the center section conduit to the junction box in the nacelle and the union

conduit splice tigntened at the wing gap.

The airspeed lines and the flotation compartment vent lines should
be connected at the wing gap.

The gap covers should now be installed, and these are attached with
No. 10-32 screws. Anchor elastic stop nuts have beern installed in the wing to
secure these screws.
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The final steps are the connection of the electrical conductors for the land-
ing and navigation lights in the junction box inside the engine nacelle and the
connection of the aileron, and alleron tab control cables at the inspection door
aft of the rear beam on the center line of the nacelle. The outer panel flap con-

trol rod is connected at the wing splice.

No adjustment or alignmernt for incidence or dihedral is necessary. The tabs
in the trailing edge of the ailerons, controllable from the pilot's cockpit, pro-

vide a means for correcting wing heaviness.

The balanced type ailerons are attached by means of welded steel brackets on
the wing, and sealed ball bearing hinges. These brackets should be checked for
alignment at the hinge attachment with a straight edge, and if any one of them is
out of line the bolts which attach the bracket to the wing should be removed and
ahims removed or added to make it line up. Retainers have been used on these
bolts inside the wing, so that it is not necessary to open the wing to get to
them, The aileron framesz are of aluminum alloy construction, as shown in Fig. 8,
and are covered with fabric. The alleron horn is entirely In the wing, and is
attached to a quadrant on the rear beam by passing the end of the horn through
the sealed ball joint on the guadrant arm. The aileron is controlled by means of

a cable system as shown in Fig. 65.

As the aileron is placed in position on the cguter wing panel the tab cables
in the panel must be inserted in the end box rib of the aileron, and pulled through
to the inspection doors In the upper and lower surface. After the aileron 1s
attached the cables may be installed in the pulleys and connected to the horn on
the tab. The dynamic balance coefficient hag been reduced to zerc by the applica-
tion of lead weight to the leading edge of the aileron, and by a lead counter-

weight installed near the center hinge.

E., Maintenance of Wings

The maintenance of the wings proper consists of keeping the finish and the
thin metal skin covering in good condition. The wings should be walked on only
where covered with rubber matting, or where they are painted black. The walkways
ad jacent to the fuselage are covered with a thin rubber matting conforming to
U.S. Federal Spec. ZZ-M-T1l. The matting and a gum rubber base pad are cemented
together with Plagtikon* before fitting the matting to the wing. When installing
the walkway strips the edges of the matting and a corresponding portion of the
metal wing should be given one thin coat of Neoprene* cement which ig allowed to
dry for 20 minutes. Apply second coat to each surface and allow to dry to a tacky
consistency. Apply the matting carefully meking sure to place the edges in the
proper location since the surfaces will adhere strongly together and moving will
be difficult, Both the above compounds may be thinned with Benzol.*

Note: Only small guantities of Neoprene cement should be kept on hand since
it will jell to a unusable state in approximately 3 months.

Inspect all bolts,”ittings, and Jjoints occaszsilonally for wear. The long bolt
used to attach the aileron control horn to the aileron should be checked frequently
for tightness, If this Joint becomes loose, aileron flutter may develop. The
counterweight bracket attachment should also be checked for tightness. The aileron
and wing flap hinges have sealed ball bearings and should require no further lubri-
catlon until major overhaul. The interior of the wing may be inspected through the
vheel well and through the hand holes and inspection plates provided on the lower
surface. Do not lean ladders against the leading or trailing edges. Use stiff
pads or borads when access to unprotected parts of the wing is necessary. Repairs
should be made 1n accordance with the instructions contained in Appendix I.

For additional inspection of wings, ailerons, and flaps refer to Section XXITT.

%¥See list of Compounds in Appendix IV,
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F. Split Wiang Flaps

Split trailing edge flaps extend from the aileron to the side of the
fuselage on each side of the airplane. They have a cross section of approxi-
mately the shape of an airfoil and are gstructurally similar to the ailerona.
The outer =znd center panel flaps are separate and are controlled by push-pull
rods actusted by hydraulic cylinders located on the rear face of the rear
beam. The flap operating mechanism is shown diagramatically in Fig. 13. The
flap conatruction is shown in Figs., 9 and 10.

The split wing flaps are assembled to the wing structure by means
of a single bolt at each flap hinge. The hinge plugs on the flaps are in-
gerted into the forged sockets rigidly attached to the trailing edge ribs,
and the bolt gently tapped into place at each attachment point. The center
hinge of the outboard flap is supported by a bracket from the rear beam in
the same manter that the ailleron hinges are supported.

The flap horns are entirely inside the wing trailing edge section
and are attached to the flap operating mechanism by a sealed ball joint. Ac-
cess to these joints is provided by means of inspection dorrs in the upper
and lower surfaces of the wing trailing edge section. Spring clips and
lockpins are provided to prevent flaps from drooping due to normal oil leaks past
the piston at low oil pressure when the airplaiie is at rest. In case of re-
placement of flap, it is essential that the spring and pin line up for en-

gagement.

The hydraulic flap operating hand pump in the pilot's cockpit con-
tains an integral oil reservoir. An adjustable relief valve has been bullt
into the pump. This valve is shown diagramatically in Fig.l3. An acorn-
shaped dust cap, shown in Fig. 5, covers the adjusting screw. This valve
is set to by-pass oll from the flap cylinders to the reservolr when the load
on the flaps is such that the working pressure of 815 pounds per square inch
for which the system is designed is exceeded. No further adjustment should
be necessary. 01l may be added to the flap system by removing the circular
alir chamber from the reservolr opening. Fill the reservoir until it over-
flows with "Sperry Servo 0il" or "Mobiloil S5 0il". Replace the air chamber.

NOTE: The air chamber is designed to prevent excegaive pressure
from being built-up in the pump when the system is filled with the flaps in
the "UP"position. This is necessary due to the fact that there are piston
rods on only one side of the operating cylinder pistons. When the flaps are
up, these piston rods are extended and the cylinders are completely filled
with oil., Consequently, if the pump reservoir is also completely filled,
provislon must be made in the system for the oil that is displaced by the
piston rods when the flaps are lowered, THE ATR CHAMBER MUST ALWAYS BE IN

PLACE WHEN THE FLAPS ARE OPERATED.

G. Maintenance of Flap Mechanism

Air in the flap hydraulic system can be detected by the "soft" feel
of the pump handle. To bleed air out of the system, the procedure is as

follows:

L Lower the flaps.
2 Remove the small screws from the inboard special bleeder fittings,

two of which are provided on the top of each cylinder. (G.L.M.
Dwg. B-126Lh0, Cleveland Preumatic Dwg. A-4866.)

- Slip rubber drain hose over the special bleeder plugs and back off
the valve screw a few turna., (See G.L.M. Dwg. B-12758L.)
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4, Operate the hand pump slowly, adding oil through the filler opening
carefully.

NOTE: It is very important that the new oll be strained through a very
fine screen or cloth to prevent dirt and grit from entering the
gystem and acoring the finely ground valves and seats.

5. When the diascharged stream of oil shows no sign of air bubbles, close
the bleeder plug needle valve by tightening the valve screw. Remove
the drain lines and repeat operation on the outboard bleeder fittirgs
after turning the selector valve handle on the pump to "Flaps Up"
poaition.

6. Replace and safety the screws in the top of the bleeder fittings, £ill
the reservoir, and pump the flaps up.
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SECTION V

EMPENNAGHE

The empennage group shown in Fig. 20 includes the elevator panels,
balance tabs, and trimming tabs; the horizontal stabllizer panels; the vertical
stabilizer; the rudder, and the rudder trimming tab.

The vertical and horizontal stabilizers are of the fixed, cantilever
type, constructed entirely of aluminum alloy, except for the attaching fittings
which are of steel. Figures 16 and 17 show these surfaces. The fixed stabili-
zers are attached to the fuselage by means of tapered, heat treated steel
bushings inserted through the terminals and secured by a bolt and nut at each
terminal. A special cup washer is used under each nut. The movable surfaces
are supported by hinges which are assembled with outriggers, (Fig. 26) installed
on the rear gpars of the ixed surfaces.

The rudder and elevators are of aluminum alloy construction internally
and are Tabric covered. Egsentially the internal structure of each movable
gurface consists of a torque tube to which are riveted the former ribs as shown
in Fig. 19. Aerodynamic balance of these surfaces is accomplished by incor-
porating lead weights inside the nose sections which extend beyond the hinge
centerline of sach surface. A trimming tab operable from the pilot's cockpit,
and a balance tab 1is inset 1n the trailing edge of each of the movable tail
gurfaces. Brackets and pulleys which are used to support the tab operating
cables are asecured to the torque tubes within the fabric covering.

The movable surfaces are operated by means of cables which are secured
to the control guadrants riveted to the torgue tubes. The cable system is shown
diagrammatically in Fig. 65. A complete description of the control system is
given in Section XVIII Surface Controls.

The empennage fairing which serves to streamline the tail of the fuse-
lage and to smooth out the air flow from the empennage surfaces, is constructed
in gix separate sections. Installation of these sections is described 1n para-

graph F.

B. Flotation Compartments

One flotation compartment has been provided in each horizontal stabi-
lizer between the spars, and drain plugs and vents have been provided the same
as for the wings. These compartments are vented near the top of the vertical
stabilizer, the vent lines passing from the horizontal stabilizer through the
falring to the aft face of the rear spar of the vertical stabilizer. These
lines are accessible by swinging the rudder off the center line of the fuselage.
In order to connect or disconnect the unions in these lines, it is necessary to
remove the empennage fairing aft of the fuselage tall post. '
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C. Agsembly of Vertical and Horizontal Stabilizers

The stabilizers should be positioned on the fuselage with the holes

in the fittings lined up. The electrical wires from the vertical stab-
ilizer should be pulled through the grommet in the fuselage as the sur-
face is brought into position. The surfaces should be bolted in place
with 5/16-24 bolts, taper bushings, and hinge caps provided. Refer to
Fig. 15.

A disconnect plug hae been provided in the fuselage near the front ver-
tical stabilizer spar to facilitate connecting the electrical wires from
this surface.

The two elevator vane pulley brackets should next be installed.

D. Assembly of Rudder

The lower rudder hinge bracket D-124350 should be bolted to the fuse-
lage and with the airplane level laterally and longitudinally the align-
ment of the hinges should be checked with a plumb bob. NOTE: The hinge
fittings on the movable surfaces located from the bolt holes in the out-
riggers on the fixed surfaces, and these bolt holes should line up.

The rudder control quadrant D-124374 should be next bolted to the rud-
der spar with the hinge socket A-106257. The rudder may then be slipped
in place and bolted up. The rudder control cables may now be attached
to the quadrant arm, and the rudder vane cables connected up and adjust-
ed, as described in Seetion XVIII on surface controls.

E. Assembly of Elevators

The elevators should be spliced together by bolting in place the control
quadrant D-163544, after which the entire assembly should be bolted to
the outriggers on the fixed surface. In case of replacement of any of
the hinge brackets their alignment should be checked. The elevator &nd
elevator vane -control cables should be connected up and ad justed as des-
eribed in Section XVIII on Surface Controls.

F. Agsembly of Fairing

The empennage fairing is installed in six sections beginning with the
forward section end working aft. Anchor elastic stop nuts permanently
attached to the supporting structure are provided and the @ﬁchine screws
should be inserted and left loose until all sections are in place. ' As
the screw holes are oversize the sections may be shifted to fit tight
all around, then the screws tightened. The forward portion (vertical
stabilizer to fuseldge) is soft aluminum and must be bumped to suit the
variable corrugations on the fuselage at each assembly. The fairing is
showvn in Fig. 21.
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G. Abrasion Shoes (Optional Special Equipment)

An abraslon shoe 1s installed over the nose section of the horizontal
atabllizers. These shoes are cemented to the unpainted surface of the astabilizer
after a cleaning bath of denatured alcohol which must be wiped off before it dries.
A final cleaning using benzol is given the metal surface after which hardling should

be avoided.

1. Cementing

Prepare Tirst coat for metal by mixing one part Goodrich Vulcalock ce-
cment with two parts benzol--approximately. 1In applying this first cost, brush well.
After this has dried, apply ore or two coats of straight Vulcalock, letting each suc-
cesglve coat dry. Enough Vulcalock should be applied to give a golden brown color.
Let dry absolutely hard, preferably over night, before applying the rubber cement.

Thoroughly wash surfaces of rubber to be cemented (Fabric reinforced
side of flat stock and Inside of V-shaped pilece) with benzol. Apply coat of Good-
rich #1 Rubber Cement, thinned with approximately one part benzol to two parts #1.
This coat should be applied uniformly and liberally enough to penetrate rubber as in-
dicated by swelling of rubber before drying. Apply medium light coat of #1 cement,
thinned as above, over Vulcalock on airplane. Let cement on both rubber and airplane
dry to a point of strong tackinesa. If tackineas of rubber is lost in waiting for
cement to dry on the airplane, freshen rubber with another light coat of cement.

2. Application

Roll flat stock in clean plece of fabrilc liner, or it can be held by a
helper during application. Apply to alrplane by sticking the forward edge only along
the entire length and then working the remainder down by stroking with the palm of the
hand In such a way as no{ to trap air between the rubber and the cemented surface of
the airplane. If by accldent stock sticks down in error, puli it loose with & sharp
jerk. Roll down firmly under pressure with a rubber roller or the equivalent. Wipe
off the forward edge of rubber to be overlapped by V-shaped piece and cement with #1

cement indicated above,.

: Roll V-shaped pilece of fabrie, rolling outward so as to open or spread
the "V," By keeping the stock folded back on itself and the "V" opened wide, the cen-
ter scratch line on the inside of the rubber can be laid along the marked center line
of the entering edge. 1In applying, stick the center only. In going around the curva-
ture the stock should be given a longitudinal stretch so that later the flaps can be
stuck down without wrinkling. Work flap edges of stock down by stroking so as to avoid

trapring air. Roll down under pressure.

3. 0il-Proofing

After atock has been rolled down thoroughly and all trapped alr let out
by puncturing rubber with a pin, and all surplus trimmed, the edges should be "oil-
proofed" to prevent gasoline, o0il, or other solvents from attacking the cements and

weakening the bond to the metal. This is done by maskingoff earound all edges so as
to leave a strip of about 1/8" on rubber and 1/8" on metal exposed all the way around

edges.

To these strips apply: first coat straight Vulcalock--let dry hard;
gecond coat made up of nine parts Vulecalock and one part lacquer thinner--let dry until
not quite hard; third coat of straight lacquer.

" Remove masking tape.
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H., Maintenance

Make a daily inspection to see that the finish and covering of the
gurfaces are in good condition. '

Carefully inspect all elevator and rudder horns and hinges every
twenty (20) hours for security of attachment.

If any shake develops in the vertical or horizontal stabilizers,
the hinge bolts should be checked for tightness. If it is necessary to
tighten these bolts the falring must be removed to gain access to them.

Inspection holes have been provided in the falring at the front
and rear vertical and horizontal stabilizer connections for checking the
cottering of the bolts.

The rudder and elevator hinges are sealed ball bearings and regquire
no lubrication.

Remove drain plugs located in flotation compartment of horizontal
stabllizers every forty (40) hours to allow any condensation to drain out,
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FIGURE 17  VERTICAL STABILIZER
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SECTION VI
2 ' FUSELAGE

&, General Description

The fuselage is of riveted aluminum alloy, semi-monocogue construction, com-
prising a Nose, Center, and Tail section. These sections are joined together with
reinforcements at the abutting surfaces by means of bolts and screwg. Each gection
is constructed in a jig so that any one section is interchangeable from one airplane

to another.

In geuneral, the skeleton is constructed with closely spaced tubular rings
and fabricated bulkheads which are secured to channel section longerons and similar
formed longitudinal gstiffener sections. The shape is generally tapered and oval
throughout. the length. Except for the section forward of, and including the bomb
doors, the top and bottom surfaces of the fuselage are covered with corrugated alumi-
num alloy sheef. riveted to the frame. Torsional and sheer stresses are carried by
the smooth gide skins rigidly riveted to the frame structure. All openings for
doors, cockpits, and windows are adequately reinforced as illustrated in Figures 22

to 24B.

The Nose gsection of the fuselage includes the front gunner's and bomber:s
compartments and the forward portion of the piloft's cockpit. A revolving turret in
which a flexible machine gun may be mounted is installed in the front of this section.
This unit is demountable ag described in Section XVI.

The Center section of the fuselage is built around, and integral with, the
center section of the wing. The rear portion of the pilots' cockpit, the bomb bay,
and the wing stubs comprise this section. Space 1ls provided in the wing stubs for
the fuel and oil tanks and landing gear. The engine nacelles are installed at the
leading edge of the wings on this section.

The Tail section of the fuselage has accommodation for the radioc and opera-
tor forward, & commander directly behind the radio operator and the relief pilot-
gunner aff.. Provision is made for mounting = machine gun on top of the fuselage
directly behind the co-pilot, and an opening is provided in the floor aft of the co-
pilot's cockpit through which another gun may be operated.

B. Assembly

The wing center section should be leveled and supported from the four hinge
fittings on the front and rear beams. The rear part of the fuselage should be brought
into position with a small gap between the two sections. All the conduits, tubing,
and etc., should be checked over to see that all connections can be made after the two
sections are assembled together, Some electrical wires have to be inserted in the
conduits as the two sections are brought together. If the fuselage sections have pre-
viously besn assembled, all holes through the fuselage and the splice plates will be
drilled. However, parts furnished as spares, such as fuselage sections, splice plates
fillers, etc., are not drilled. Therefore, the spare parts should, 1f possible,
always be drilled from the part to be matched. If thig is not feasible, the old part
ghould be used as a drill template. Should neither of these methods be possible, the
parts should be drilled in accordaance with the dimensions given on the drawings. See

Figure 22.
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The holes for the fore and aft bolts in the fuselage rings should be lined
up and these bolts inserted. 1In case any of these holes are out of alignment it may
be because the rings have distorted slightly in shipping, and they should be care-
fully forced into position rather than the holes elongated, since the fuselage
gectiong are Jig drilled. The rear portion of the fuselage should be supported at
the tail post, and by means of a cradle at the ring bulkhead immediately forward of
the gunner‘s cockpit. The corrugations should be protected by a felt pad. The ex-
ternal splice plates for the sides and top and bottom should be installed. The
belting of the upper and lower longeron splices completes the assembly of this
Joint. The nose section should be assembled in a similar manner, the type of joint
being the same as in the rear. The forward part of the fuselage may be supported
by means of a cradle at the ring bulkhead just aft of the lower exit door and on
the ring bulkhead near the forward gunner's cockpit, using a felt pad for protection.

The bomb bay doors should next be assembled to the structure. The end
hinges should be slipped in place on the hinge tube before the doors are brought
into position. The center hinges are in pairs and should be bolted together. Refer

to Bection XV for a description of these doors.

See the airplane Erection Manual for more detalled description of assembly
of these sections.

C. Emergency Exits and Doors

Passage to and from the bomber's compartment is provided through hinged
doors located in the bottom of the fuselage in the nose section. These doors are
latched together at the center and swing outward when open. The handle installed
in the left half 1s movable from elther side and is pulled down to turn from with-
cut. or pushed and turned from the inside. This door cannot be walked on; passage
over it is accomplished by means of a combination grate and ladder hinged 'ingide
the fuselage. (See Fuselage Equipment, Section XIII.)

An emergency exit door operable from either side is also provided in the
‘top of the fuselage lmmediately aft of the front turret. This door may be used as
an escape hatch in event the airplane makes a forced landing on the bottom with

the landing wheels retracted.

A passageway is provided through the fuselage'from the nose turret to the
pilot's cockpit. Drafts through these sections are reduced by means of a tight
fitting canvas curtain containing a hinged door which is installed on the bulkhead
aft of the lower front entrance door. The upper portion of the fuselage is closed
against drafte by an additional curtain which is secured to the fuselage by button

fasteners,
The bomb bay doors are described in Section XV.

A hinged door is provided in the bottom of the fuselage near sectbion
through which the bottom machine gun is operated. This door 1s operated from in-
gide only and is equipped with a latch and handle for opening 1t inboard. Spring
clip latches are installed on & crogs bar in the fuselage above the door to retain
it in the up position when the gun is in use.
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D. Windows

A plate glass window 18 provided in the bottom of the fuselage in the radio
compartment for using the drift sight meter. This window is mounted in a rigid frame
which is hinged at the forward end so that it can be raised to clean the outer sur-
face. A latch is provided to secure the window in place in the bottom and another
latch on the bulkhead is provided for locking the window in the open position. When
not in use, the window should be protected with a sultable pad.

CAUTION: ALTHOUGH THIS WINDOW WILL SUPPORT A HEAVY WEIGHT, IT SHOULD NOT
BE WALKED ON SINCE AN UNSEEN CRACK MAY CAUSE IT TO GIVE WAY WHICH MAY RESULT IN INJURY

A window is provided for the radio operator in each side of the airplane
near the floor and directly aft of the bomb bay. A small window is provided in the
right side of the fuselage above the wing for the radio operator.

The rear gunner is provided with & window in each side of the fuselage op-
posite the bottom gun to increase the range of vision for that gun.

A long, curved, Plastacele window is installed in the nose of the airplane
for bombing operations. It can be removed for replacement by taking out the screws
which secure the frame. Electrician’s rubber tape is used around the edges to pre-
vent leaks and reduce deterioration. Cleaning is done in accordance with Paragraph

F of this section,

E. Enclosures

The cockpit enclosures are shown in Figure 24C. This structure consists
of & fixed ssction extended between the front and rear cockpits, sliding hatches
for the pilot and co-pilot, and a collapsible streamline rear section aft of the

rear cockpit.

A moulded, non-shatterable plate glass windshield 1s rigldly secured in a
metal frame forward of the pilot. A rubber cushion is fitted over the edges of the
glags in the frame to reduce possible failures. Replacemsnts can be made by removing
three countersunk screws at the bottom of the rear frame and by unscrewing the two
rod connections in the top of the enclogsure. The rear frame can then be removed and
the glass taken out of the front frame. When replacing these panels, a leak proof
joint at the frame may be had by epplying "Bostik Universal Cement No. 292." This
cement is a product of the B.B. Chemical Co., Cambridge, Massachusetts, U.3.A.

The pilots' cockpit hatch is a rigid framevork of extruded aluminum alloy
sections formed to the contour of the windshield. The frame is fitted with moulded
plastacele panels secured in place when the frame siructure 1s riveted together.
Electrician‘s rubber tape is used to insulate the plastacele from the metal Irame.

A sliding, non-shatterable piate glass window is provided in the lower front panel

at each gide of the hatch with a finger hole 1n each for opening. A4 latch and
handle is provided at the top left side of the hatch, which can be operated either
from the cockpit oxr from the cutside., The hatch is mounted on three pairs of grooved
rollers at each side which guide it along a track installed on each side of the
fuselage. Holes provided at intervals along the track permit the hatch to be locked

partlially open.

The hatch is removed from the airplane by taking out the screws which hold

the top rollers in place, and then slightly springing the frame far enough to 1lift
the hatch clear. The plastacele panels can be replaced by disassembling the frame

by removing the necessary rivets.
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The co-pilot's hatch is constructed similar to the forward hatch except
that it has no separate sllding panels. The method of mounting, operation, and
latching at various open positions is the same.

The center or fixed section enclosure is constructed similar to the
movable hatches having clear transparent plastacele panels throughout, secured in
a metal frame, The sections of this enclosure are more easily replaced since the
metal structure is assembled with screws and Elastic Stop Nuts. A removable panel
is secured in position on the left side of this section enclosure by means of Dzus
cowl fasteners. Access to the bomb bay fuel tank filler neck is had through this

panel opening.

The installation of the radio mast through the top of this fixed enclosure
(Figure 68) necessitates a leak proof joint around the plastacele. This condition
is obtained by applying "Bostik Universal Cement, No. 292" around the rubber socket
on the outside of the enclosure.

The rear streamline section of the enclosure consists of tapered panels
hinged together as shown in Figure 24D. This assembly is egquipped with a hinged
tubular support and sliding handle with which the enclosure can be folded down
against the top of the fuselage Thua providing clearance for operating the rear gun.

To lower the section, move the machine gun forward if installed, and draw
the operating handle toward the operator. To raise the enclosure, it is necessary
to lift the center panel with one hand while pushing the operating handle with the
other. A latch and hock are provided to secure this section in the folded condi-
tion as shown in Figure 63.

F. Maintenance

When the Plastacele windows have become soiled with grease or oil, solvents
for these substances, such as kerosene or naphtha, may be used to remove the dirt.
See list of compounds, Appendix IV. Solvents, such as esters, ketones, aromatic
hydrocarbong, or chlorinated hydrocarbong must not be used as cleaners. Cleaning
should be done with a damp cloth and care must be taken not to rub hard particles
of sand or grit into the surface. The surface should then be rinsed with mild scep

and water and then wiped lightly with a soft cloth.

Badly scratched surfaces may be polished with a soft felt disc turning at
g low gpeed (250-500 rpm) and wet with a paste made from magnesium carbonate or
"Tripoli" and water. Care must be taken to keep the polishing wheel moist and not
to apply too much pressure to the piece being polished since heat generated by
friction will leave the surface full of ridges.

Celluloid or similar materials should not be substituted for the trans-
parent "Plastacele." The rivets which attach the "Plastacele" panels are aluminum
and the heads may readily be chipped off when replacing the panels. It 1s import-
ant that the spacers used on these rivets be replaced in order to prevent clamping
action, which may cause the material to crack due to expansion or contraction caused
by temperature changes. Except for the "Plastacele™ panels, non-shatterable plate
glass is used on these enclosures, and it is important that this glass be floating
in rubber in order to eliminate breakage due to strains and deformations of the
supporting frames. When new glass is installed, the same rubber moulding that is
now around the glass or its eguivalent should be used.

The fuselsge itselfl should require little maintenance except to be kept
clean and repainted when the protective coatings have worn off. 1In case of damage
ro the smooth covering, repairs should be made as described in Appendix I.
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SECTION VII

TAIL WHEEL

A. Deacriptior

The tall wheel assembly i3 of the cantilever, hulf fork type, as shown
in Figs. 25 and 26. The half fork iz held in a "V" shaped built up steel hunger,
which carries the swivel bearings and asti-shimmey assembly. The Cleveland Penu-
matic shock atrut No. B-187M, i3 attached to the hanger forward of the upper
gwivel beurisg by = u.ilick u:d two 1/2-20 bolts. The upper end of the shock
strut 4 d the base of the hucger are bolted by one 1/2-20 bolt, aad two 3/8-2h
bolts, re.pectively, to three fittirgs attached to the rear fuselage bulkheud.
The wheel is free to srivel %60Y with u~y shock strut deflection. Instruction
plates for the shock struts sare sattached to the atrut and to the L.H. inapec-
tio” 4o.r o. the eupe-nage t=il fairing.

B. Assenbly

The +heei, hulf fork, ateel hunger, und unilink assembly are installed
1 -depe:dert of the Aerol 3trat with t«o 3/8-24 bolts. The aerol Strut is at-
tashed to the a-1ilirk 4:d upper fuselage fitti-g by 1/2-20 bolta.

C. Maijsterance

For the best cordition of landlng, the tuil wsheel tire should be de-
flested 1-3/8 inches, usder static load. This deflection can be easily deter-
mired by measurirg the distunce from the groucd to the center of the axle. This
dimessior should be 5-1/k 1-shes, ard should be checked daily.

At regalur twerty hour periods, lubricate four Zerk fittings with
grease, A.J,Spec.VV-G-681 and check the followirng:

1. Taspect fittings o~ the rear fuselage bulkhead for fracture.
This ia ucromplished by removing the rear end of the empennage
fairing.

2. Inspect uttachirg bolts, and see that they are securely cottered.

3. If at any time the tail wheel is disussembled, the retaining nut
at the top of the fork should be tightened down, when replaced,
only far enough to insert the cotter pin.

4, Inspect and service Aerol Strut as follows:
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To check the fluid level, airplane nust be in three point position.

1. Remove valve cap.

2. Depress valve stem until air has been released, and strut is
fully compressed.

3. Remove valve body and f£ill strut cylinder to valve level with
a mixture of Butyl alcohol end castor oil. {(PRaragraph I, Sec. IX).

4. Replace valve body securely, making sure that the gasket is in
good condition.

5. Inflate strut to proper position and replece valve cap.
If there is an indication of o0il leakage, release air pressure, as per
instructions, and remove lock wire and tighten gland unit. Replace lock wire,
check fluid level and inflate strut.

WARNING: Release air in strut before disessembling.

To Inflate Strut

1. Remove valve cap and attach air hose.

2. Inflate strut until red line is 2.5 inches(6.35 cm.) from packing glend.
Move plane forwasrd several times whilefinflating; to allow wheel
to take its normel position. This same infletion is recommended
for overload condition.

3. Replace #alve cap and tighten securely.
For additional ihformation on inspection and maintenance instructioms.

of 'strut, see deta under Shock Struts, Sebtion‘lxﬂ See Section XXIII for ad-
ditional insvection of tail wheel. ’
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NACELLES

A. Description
1. General

The engine nacelles consiat of a tubular steel engine mount, Figure 27; a cor-
rogion-reaigtant sheet ateel venturi cowl support and muff assembly, Figure 29C; the
engine cowling, Figure 28; and the venturi cowling, Figure 29. The complete installa-
tion of the cowling sections is shown in Figure 29A.

The nacelles comprise a demountable part of the center section wing and may

be removed completely except for the cowling from the alrplane., The nacelles are
interchangeable in thelr corresponding positions from one alrplane to another.

2. EBEngine Mounts

The erngine mount frames are constructed from 4130 steel tubing (A.C. Spec.
57-180-2) reinforced with apecial U shaped gussets welded around the intersection of
the frame and the engine ring. The entire structure is assembled by torch welding and
is sand-blasted to remove the scale formed by welding. The completed welded frame is
filled with hot linseed oil, drained, and hermetically sealed by driving self-tapping
screws into the holes provided for checking the entrance of oil into the various legs
of the mount. A drain plug is provided in the gusset at the Juncture of the upper

left Dbrace tube with the engine ring.

The engine mount attaching fittings are machined for a maximum bearing surface
against the mounting pads on the front wing spar. These surfaces must be clean and
free from burrs when the engine mounts are put in place. An AN-310-8 steel castle
nut is used on each of the two lower fittings, and an AN-310-9 steel castle nut is
used with an AN-360-9-16 plain steel washer on each of the two upper fittings to se-
cure the mount to the spar. OSteel cotter-pins are used te lock the nuts.

As shown 1o Figure 27, brackets are welded to the engine ring for attaching
the Lord "Tee" type engine mounting bolts. Additional brackets indicated by 1 in the
Figure and located equidistant around the ring are used to support the engine muff
assembly. The three bracketz indicated as 2 are used to support the cowl flap con-

trol mechanisms as shown in Figure 29-C.

B. Venturi Cowl Supports and Muff

1. Description

The muff assembly is constructed in two sections of formed corrosion-resistant
sheet steel, A.C. Spec. 57-136-9. This assembly, Figure 29-D, is symmetrical in con-
struction, having an integral, formed recess or "well" section terminating in a flange
at the outer rear periphery. This flange, shown in Figure 41, serves as a support for
the verturi cowl. The exhaust manifold is confined within the "well" formed by the
muff and the sections of the venturi cowl when the latter 1s inatalled in place.

A one-half inch gap is provided between the outer edge of the muff front plate
and the venturi cowl when they are assembled together. This gas permits the entrance
of cold air into the manifold "weli." Two air outlet ducts, part of the carburetor
alr preheater assembly, are bolted to the top rear side of the muff in order to facili-
tate the escape of heated air from the "well" into the preheater assembly. BSee Alr
Intake System, Paragrsvh ¥, Section X.
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2, Installatlon of Muff

During normal maintenance operations, the muff sections should be assembled to-
gether and installed on the engine mount before the engine is put in place. However,
should it be necessary to remove or install the muff with the engine in place, 1t will
be necessary to disassemble from the ailrplane such parts as the exhaust manifolds, car-
buretor, and heat control valve, engine cowl flap controls, magneto blast tubes, and
the exhaust gas analyzer. See Figures 29-C and 43. Refer to Section X for informa-

tion on these units.

The two sections of the muff are assembled together at the horizontal center-
line with No. 10-32 steel bolts through the flanges and faying surfaces. Flat gteel
nuts and lock waghers are used. The muff is secured to the brackets on the engine
ring with No. 10-32 steel bolts, plain washers, and castillated nuts.

C. Venturi Cowling Assembly

i Deacrigtion

The venturl cowling 1ls constructed from Alclad Aluminum Alloy sheet, rein-
forced on the inner side with formed channels and flanged angle sections. Spot-
welding is used wherever possible in fabricating  All external rivets used are
driven flusgh with the skin. The cowling is composged of six removable sections
aggsembled circularly around the engine nacelle forward of the wing leading edge,
tapering aft to fair into the wing.

APt of the leading edge the cowling is faired by a fixed top section, and
two sections of removable cowling which locate around the wheel well. Excepting
the top rear fairing, all sections are secured to the nacelle and wing by means of
Dzus cowl fasteners. The top rear section is permanently riveted to the wing and
should never be removed. Access to the oill tank filler neck which is located under
théis fairing 1s provided through a hinged door at the rear. A Dzus fastener is
uzed for latching. Two covered holes provided immediately aft of the fire-wall in
thig fairing permit access to the pipe connections in the oil linea. The covers
are gecured with No. 10-32 washer-head screws and fiber-lock-nut plates.

In order to minimize the leakage of hot air from the muffwell into the
nacelle, a woven asgbestos seal is provided on the aft side of the cowl support
section of the muff, and bears agalnst a flange provided on the inside of the cowl
sections (see Figure 41). Any air passing into the nacelle is permitted to escape
through a one-half inch gill opening provided at the lower rear edge of removable

cowl sectlons.

2. Installation of Cowling

The top section of the venturi cowling is fitted around the carburetor pre-
heater and it cannot be removed or installed with the top section of the engine
hood cowl in place. The remaining five sections are removable after the engine cowl
flaps are extended open. Any of these five sections can be removed separately.

It is exﬁremely important that the Dzus cowl fasteners used to secure the
cowling 1n place be completely locked when the cowling is installed. A thick ended
screw-driver or other sultable tool may be used

When handling the cowl sections, care should be exercised against dropping or
otherwise damaging the pieces in order to insure a good it and to maintain the 1/16
inch gap required at the abutting edges of the gections.
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D. Engine Houd Cowl Assembly
1. Description

The hond cowling consists of three interlocking sections constructed from Alclad
alumirum alloy sheet. A rolled tube having plug terminals at each end to facilitate
joining the sections is riveted to the leading edge of the cowling to provide rigidity
Additional reinforcement is provided by a rolled chancel installed betwsen the leading
and trailing edges, and by a formed flanged angle at the trailing edge. Spot-welding
and flush riveting used throughout this assembly provide a smooth outer skin surface

The top section of the engine hood cowl is equipped with a permanent integral
air duct which supplies cold air to the carburetor preheater. A baffle plate is con-
structed at the aft end of the air duct which bears against a special gasket on the
preheater assembly to reduce leakage at this point. See Air Intake System, Paragraph

F, Section X.

The engine hood cowling sections are supported on the engine by two formed
channel rings which are attached to the lugs on the engine rocker boxes by means of
"Lord" type rubber vibration absorber units. The front ring is more rigidly attached
to the engine by twelve Lord units since it is used to locate and retain the cowling
in the fore and aft position. This is accomplished by inserting the intermediate
former ring on the cowling sections in the front channel. The rear support ring is
attached to the engine cylinders with six Lord units. ZLoads due to vibration and to
expansion (due to heat generated while running the engines) are taken up by these
rubber mounts. (The front ring must be installed with the small cut-outs facing

forward. )

The top sectlon of cowl is located by means of a piln provided in the top of
the front support ring. An additional pin provided on the cowl former directly behind
the front pin socket keeps the hood cowling from rotating about the engine. Phenol
fiber chafing strips are riveted to both rings to reduce wear on the faying surfaces

The three sections of the hood cowl are assembled together at the two top
Joints by means of overlapping steel terminals which are locked by special pins
inserted through the terminals, then turned fore and aft. When all three terminals
at either joint are locked together, the pins are secured against turning to the un-
locking position by installing an external gap-cover strip equipped with three slots
over the pins. Dzus cowl fasteners retain the gap covers in place. The pins are se-
cured to one section of the cowling by steel cables.

The bottom Joint is drawn together with three special adjustable trunk-type
toggles. Safety pins are provided with which the toggles are secured from releasing
by vibration. It is very important that these safety pins be properly attached and
that the two top gap covers be ingtalled when the cowling is in use.

E. Engine Cowl Flaps
1. Description

The engine cowl flaps are a separate and independent installation which func-
tion as a part of the engine hood cowl trailing edge, and provide g variable throat
between the engine hood cowling and venturi cowling. When used for cooling the engine
the flaps are extended radially outward from the axis of the engine hy means of a
cable-operated control mechanism operable from the pilot's cockpit.
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The flap sectionas are fabricated from Alclad aluminum alloy sheet riveted and
spot-welded together., The gaps between the metal sections are closed with a thin
phenol fiber cover plate inserted between adjoining sections. Tt is essential that
the grooves in which the fiber gap covers operate be kept cleaned of dirt accumula-
tion to permit complete closing of the flaps.

2. Cowl Flap Operating Mechanism

The rear support ring for the engine cowl is also used to attach the flap sec-
tions as shown in Figure 290-C, The flaps are interconnected by hinge brackets as
shown in the figure so that any movement of the three master flap sections causes all
the sections toc move simultaneously. Movement of the flaps is accomplished with three
push rods connected between the master flap sections and three interconnected worm-
gear assemblles which are installed on the engine mounting ring aft of the muff. The
two upper gear units are operated by the bottom unit through universasl torque shafts
which are supported in bronze bearings on the rear side of the muff. The push rods
are operated in each case by a lever bolted to the rear shaft of the worm-gear units
forward of the muff. Stop levers on all three worm-gear mechanisms must be against
their respective stops simultaneously when the flaps are fully closed.

The bottom gear unit 1s equipped with a grooved drum on which the operating
cables extending to the pllot's controls are wound. Refer to the Cowl Flap Control

Drawings (see drawing 1list in Appendix III),

The control mechanism in the cockpit is clamped to the control column directly
below the wheel. The left and right-hand flap operating cables are wound on drums
supported by two shafts in this assembly. A single handcrank is geared to both shafts,
either one of which can be operated independent of the other, or both together as de-
sired. Independent operation of either engine flap is controlled by the corresponding
fiber knob provided at each side of the handcrank. Turning the kneob down in a clock-
wige direction causes the drum shaft to be connected to the gears through friction.
Turning the knob in the opposite direction as far as possible will free the drum shaft
from the gears., ©Since this mechanism depends on a dry friction drive, no oil or
grease should be applied to the gears. Self lubricating bearings are used throughout,
and a very lilght coat of hard graphite grease is applied to the teeth of the steel
gears at the initial assembly. This lubricant should be sufficient to last indefinitely.

5. Cable TInstallation

Flexible tinned cable (size Tx7x1/16 inch) is used throughout the system. When
installing new cable, the instructions outlined below should be followed:

(a) Cables lengths are called for on the drawings and designated on the Flap
Control Drawing as (-1), (-2), (-3), (-4). Cables (-1) and (-3) are used in the left-
hand installation. )

(b) Cables may be laid over either pulley in brackets provided between the cock-
pit and engine nacelle; except at the control column where a definite location is neces-
sary. Cables should be crossed only where necessary. The installation throughout the
the fuselage, wings, and nacelles should be made before assembling the cables with the
drums. The cablea from the right-hand flaps pass through the fuselage along the front
gide of the wing spar to the left side of the fuselage and parallel the left-hand cables
to the control column. The lower pulley sets in the fuselage are used for the right-
hand cable installation. At the control column the left-hand (-1) or "opening" cable
must pass over the front pulley of the top pair which are located at the end of the
column under the floor. The right-hand (-4) or "closing" cable must pass over the rear
pulley of the lower palr located at the end of the coluan.

{¢c) The tension-adjusting assembly which is located adjacent to the nacelle in
each wing should pe left loose until final adjustments are made.
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(d) Cables are installed on the drums as follows:

Dash No. To Purpose Installied On

-1 Left Eng. |Flap Opening Bottom of drum in Eng. Nacelle to top inboard
gide of drum in Cockpit.

-2 Right Eng.|Flap Opening . | Bottom of drum in Eng. Nacelie to bottom out-
board side of drum over idler pulley in Cock-
pit.

-3 Left Eng. |Flap Closing Top of drum in Eng. Nacelle to bottom out-
board side of drum over idler pulley in Cock-
pit.

-4 Right Eng.|Flap Closing Top of drum in Eng. Nacelle to top inboard
gide of drum in Cockpit.

(e) The cable connection with the drums should start at the nacelle drum.
The following instructions cover the rigging of the flaps in the closed position.
Since there are no turnbuckles in this installation to take up slack, the initial
aggembly should be made as carefully and as tightly as possible.

(f) Rotate the push-rod lever in the nacelle to the vertical "UP" position.
Remove the drum attaching bolt and slip the drum off the shaft.

(g) Insert the end of the (-1) cable through the hole in the web of drum
from the right leaving approximately 2" protruding for anchoring. Slip the cable
into slot and wind approximately 20 turns of cable on drum, turning the drum onto
cable to prevent twigting of the cable. Wrap cable and drum with friction tape
to prevent cable from unwinding.

(h) Replace drum on shaft making certain that the slots in the drum are at
the top. Insert cable end into upper hole of the cable clamp, and draw up tempor-

arily.

(1) Remove the pulley guard from the crank assembly in the cockpit. Secure
the drum against turning by tightening the friction lock knob on the crank assembly

(J) Wind the (-1) cable approximately 1 turn over top inboard side of left
cockpit drum beginning in the second groove from rear end of drum. Insert cable in
glot and thread through hole in web of hub and through top hole 1n cable clamp. Re-
move slack in cable during this operation.

(k) The (-3%) cloaing cable can now be connected at the nacelle unit, as that
end must be connected firat. Since the first cable iz now completely assembled, the
friction tape can be removed from the nacelle unit drum. The end of the cable can
be inserted between the drum and cable guard, wound one turn around the drum in the
groove remaining at the outer end. Thread end through slot and wrap half turn
around hub and thread through bottom hole of cable clamp. Stralghten out cable and

anchor securely.

(1) By turning the crank in the cockpit (to open), the {-1) cable will be
uniwound from the drum in the nacelle permitting the (-3) cable to be wound onto the
drum in its place. The (-3) cable should be held tight during this operation.

(m) Final assembly of the (-3) cable in the cockpit is next made. Draw the
cable through the airplane to remove slack. Place cable over idler pulley located
below drum and wind over top of drum in the groove remaining at the forward end.
Ingert cable in slot at top of drum, wrap 1/2 turn around drum hub, and through bot-
tom hole in clamp.
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(n) Any excessive slack remaining in the cables can be removed by operating
the system both ways a number of times, tightening up the ends at the clamps as
required. (Final slack may be removed later when tensioner pulley assembly is

tightened up.)

(0) When sufficiently tight, clamp securely and safety the nuts. Cut cables
off approximately 1/4 inch from ends of clamp, spread the ends open with a screw
driver and solder the frayed ends to permanently lock.

(p) As a final adjustment, turn down the nut on the cable tensioner in the
wing only enough to provide a taut cable through the complete fore and aft move-
ment of the control column. Tt ig esgential that the zpring in the tensioner is

not completely compresgsed.

(q) The right-hand cable assembly is made in a similar manner, referring to
the chart in Paragraph 4 to ascertain the direction and location of the cables,

{r) The push-rod connection from the lever to the bracket on the master flap
sections is made and adjusted at the terminals. In the normal closed position the
flaps will be approximately parallel to the centerline of thrust or faired in a
straight line with the engine cowling. Fully closed they should retract inboard
toward the center approximately 5° (or 3/8 inch. approximate "gill" opening). Fully
opened they will extend approximately 45~ from normal closed position,the full travel
being approximately 500 from full open to full closed.

Details of the operation of the flaps on the ground and in flight are given
in Section II-A {Maintenance Manual).

F. Maintenance

The engine mounts are detachable and are interchangeable to facilitate main-
tenance and repair. Whenever practicable, the engine should be removed from the
mount when repalrs to the structure are necessary. Weldilng on the structural
tubular members of the engine mount is not recommended, and failure of any member
will necessitate the replacement of the complete mount.

Alclad sluminum alloy sections may be repaired in accordance with the in-
structions given in Appendix I of this manual. Spot-welded sections may be repaired
wherever fallures can be cut away and the reinforcements replaced by riveting.

Frequent inspection of cowling fasteners, latches and vibration-absorber
mountings will aid in keeping the assemblies in good condition. The tension of
flap cables should be checked at-regular intervals; and changed when necessary.
Keep the recesses alt the flap sections clean to permit the phenol fiber gap
strips to close properly. (See Section XXIIT for additional inspection procedure.)
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SECTION IX

LANDING GEAR

A. Deccription

The landing gear consists of the external gear together with its re-
trecting system. The landing geer structure is of the rotractable cantilever
type, with & tread of 16'-0". It is equipped with 6" stroke Cleveland Pneunetic
Tool Co. shock struts, hydraulic brekes, Timken roller bearings in the
wheels, end streamlined tires, 45 inches in dianeter.

The retracting system consists of & torque tube extending ecross the
center section wing, just forward of the rear beam, on each end of which are salum-
inum s8lloy ecable drums to which the lowering and retracting csbles are attached.
In the right hand side of the bomb bay this chaft ie connected to & worm gesr box,
which may be operated manually by the pilot in an emergency or electrically for
normal operation. An Eclipse eclectric motor located on the rear face of the rear
wing beam is conmnected to the worm gear box through a clutch. A hand crank lo-
cated in the pilot's cockpit is connected to the other side of the worm gear by
means of & bevel gear and torque tube, and may be operated if so desired by the
pilot. Other suitable controls are provided such a&s locks, switches, ete., for
the proper operation of this system.

The retracting mechsnism raises the wheeles upward and backward into
wheel welle in the wing ancd engine nacelles, When fully retracted all of the
lanéing gear is concealed except a portion of the tire. The action of the gesr
either retracting or lowering, requires approximately 35 seccnds electrically and
90 seconds menually in flight.

An indicator in the pilot's cockpit, which ig mounted on the retracting
hané ecrenk bracket, indicates the approrximate position of the gear at all times,
In aeddition to this indicator & 2iznal system is provided concisting of & rudder
pedal vibrator, interlocked with the engine controls in such & way that if the
throttles are closed so that the engine revolutions are less than required for
minimum cruiesing speed, the pilot is reminded thet the gear ic retracted end that
the locks arc raised. The warning device functions unless the gear has been com-
pletely lowered and Lthe locks dropped into position, cor unless the throttles are
opened sufficiently to maintain cruising speed. When the gear is in a fully ex-
tended posgition and loecked ready to land, & white light shows on the box aft of
the hand erank bracket.



Model 139-W
A-B-C Page No. Q01

Reference to Fig. 30 mskes clear the general &arrangement of the re-
traeting mechenism. Operating directions zre given on the indicator box to the
right of the pilot's seat. Figs. 32 and 33 illustrste the landing gear strue-
ture. The master cylinder instellstion and brazke controle are illustreted in

Fig. 35 and Appendix II.

B. Electrical Operation - "To Retract”

1. Plece the cluteh in ”Electric” positlon.
2. Pull the lsteh to *Up.* '

C. Electrical Operation - "To Lower®

1. Set the clutech in "Electric* position.
2. Set the latch to "Down."

Note: When the latch is operated it should be operated rapidly and
moved through the complete travel. Slow or partial travel may
‘cause arcing of the master switch and eventually malfunction of
the gear. It is important that the latch mechanism be kept well
lubricated with light oil to prevent rust from forming on the
spring.  The oil should be applied every 20 hours flying time
through the latch slot in the side of the handle. Wipe excess
0il' off the bottom of the handle when it drains through the
hole provided at the bottom.

Pulling the latch to the “Up" position operates the revers ing switch
through the actuating arrangement shown - in Diagram "Aﬁ, Flg 30, and at the
gsame time raises the locks, thereby engaging the master swltch on the right
hand lock. The locks &are rlgidly connected so that simultansous operation of
both wheels is assured. This master switch starts the electric motor, which re-
trects the gear, pushing the roller fitting on the rear lanuing gear strut toward
the rear along the track. As the roller fittings move back, the one on the right
operates the trigger on the right hand lock, as shown in Dlagram npe- -Ties 50,
This trigger holds the locks up as long as the geer 1u retracted. When. the gear
reaches the fully retracted position, the rear brace strut strikes the plunger
shown in Diagram "C", Fig. 30, thus operatlng the motor cutout sw1tch and stop-
ping the motor. Thiu cutoutlswitch may:be adjusted to allow for wear, and it
should be adjusted by checking the gear when it is in the fully retracted position.

When the latch is noved to the "Down" position, the motor revervlng
switch is operated and the motor is started, allow1ng the gear to go down, The
pin in the top of the right hand rolling block trips the trigger shown in Diagram
nfye ‘Fig. 30, which allows the locks to drop down and ride along the tops of the
rolllng blocks until they fall behind the latter., These lock pins are spring
loaded and positively lock the gear in the down position. As the right hand lock
pin drops down into the "lock" position it closes the circuit to the light at the
hand control bracket, which indicates that both locks have been dropped hehind the
rolling blocks. Should the light not appear, the crank in the pilot's cockpit
should be engaged, by depressing the thumb button and turned clockwise. A hard
partial turn will obtain the lock engagement whether the light works or not.

For the wiring diagram of the landing gear: syctem, see Figure 36.
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D. Manual Opersation

1. Place the clutch in the "Manual" position.
NOTE: When the clutch ig set to manual position the clutech rod
cetuates the motor cutoff switch, as shown in Diagrem "E", Fig.
30, and at the seame time disengages the motor from the worm gear

unit.
2. To retract, pull the latch lever to "Up" and crank anti-cloclkwise.

3. To lower, set the latch to "Down" and crank clockwise.

E, Assembly

The fork-strut assembly should be bolted to the brace struts extending
below the front wing spar. The rear brace strut should be bolted to the rol-
ling block which rolls in the track at the rear spar. The retraeting and lower-
ing cables should next be attached to the half fork on the inboard cide of the
wheel, and to the roller fitting respectively. It should be noted that one of
the rear brace strut fittinge on the axle cannot be removed unless the axle is
removed, therefore, if it is @¢sired to remove this strut at any time, it should
be disconnected from the forgings attached to the axle. For replacement the
whole strut should be changed.

. Maintenance

After once being set and adjusted, no further adjustment of the re-
tracting cable system is necesscary, since any slack in these cables is auto-
matically taken up by spring action. The operation of the landing geer retract-
ing system should be checked every 20 hours by jacking the airplane up and ope-
rating the system. When the oleos are fully extended, both the retracting and
lowering cables should be reasonably taut for all positions of the gear, despite
the variation in the amount of cable taken in or paid out by the drums. With
the shoclk strut in the fully sxtended position, the distance between the center-
line of hinge and centerline of axle should not be more than 3/16 of an inch
over the nominal dimension of 43-5/16 inches. It may be necessary to tighten
the packing glend in ordor to bring the strut within this dimension, particular-
ly after the installation of new packing rings. It is very important that ex-
cessive tightening in the retrecting ceble be avoided. (See Par. L under
WARNING) .

IMPORTANT: See Special Inspection Instructions, Seection XXIII.
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If the landing gear fails to retract electrically, the cut-off
switch located on the inboard side of the right wheel well will pro-
bably be found stuck in the "Up" position. The switch plunger must
be in the "Down" position before the gear will retract electrically.
The plunger should be inspected daily to see if it is in good work-
ing condition.

Fig. 30 shows the lubricsation points for the landing gesr structure.

It is especially important that the worm gear housing be lubricated

at regular intervals in accordance with instructions, using No. 4 Penola
compound, manufactured by the Stendard 0il Co., of New Jersey.

The Tinmken tapered roller bearings in the axles should be carefully
checked and the adjusting nut on the axle tightened, to allow for wear
in the bearings. Cere should be taken that the besrings are not tight-
ened sufficiently to bind the wheel, which should turn freely on the
axle. ©See Par. S, Brake Adjustment.

In changing tires or wheels the airplane should be jacked up at the
point indicated in Fig. 30.

G. Maintenance of Roller Fittings andé Track

The trigger pin in the right hand roller fitting should be checked
every 23 hours for wesr. To do this, remove the track fairing and
and raise the landing gear until the roller fitting is at the rear of
the track. Excessive wear may be easily checked visually in this
manner.

Every 40 hours both roller fittings should be carefully cleaned and
inspected. This inspection is most easily done by removing the tracks.
Unbolt the track from the wing, by removing the two rear bolts which
are accessible by removing the screws which fasten the fairing to the
wing. The four intermediate bolts are tapped into the anchor nuts and
are readily removable. The forward bolts are accessible from the doors
provided in the wing. 1If any parts ure worn they should be replaced.
Note: The. track and roller fitting must not be greased, as the grease

will catch dirt and dust and cause excessive wear. The track should

be inspected every 40 hours, and kept clean.

H. Cleveland Pneumatic Tool Co. Shoeck Struts

An instruction plate is sttached to the landing gear half fork struts
for the strut, Cleveland Part No. A-7562. These struts are combined
hydraulic and pneumatic type. Impact loads are dissipated largely
through '"hydraulic means, by forcing fluid through an orifice. Taxi-
ing loads are absorbed mainly by the compression of the air. When
load cories on the strut, the fluid is forced through the orifice
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in the piston, past the metering pin, into the upper chamber where the rising
fluid level compresses the air above it. When the strut has made a sufficient
stroke to absorb the energy of the impact, the alr in the tube which has been
compressed, expands and for.ss the oil back, extending the strut.

NOTES ON INSTALLATION OF NEW SHOCK STRUT

The shock strut is attached to the half-fork, part D-124507 by means
of two AN-6 bolts as shown in view B-B on G.L.M. Drawing P-124049 and 50. It
is extremely important that the shock strut be fitted tightly against the
3/32 inch shoulder at the top of the half-fork before finish reaming the holes
for these bolts. BSpecial attention must also be paid to aligmnment as noted in

the following paragraph.

Six AN-7 bolts are used to attach the shock strut to the upper hinge
fitting, part C-124506. The holes for these bolts must be drilled with the
gtrut in the fully extended position and with the hinge centerline and the axle
centerline parallel to each other, as shown and noted on P-124049Q and 50. Full
extension is necessary to insure the engagement of the lugs of the internal
torque device. The fully extended length of the strut is 27-7/32" + 3/32. If
the strut appears short it is because these lugs are not engaged and it is nec-
easary to rotate the cylinder around the piston until they do engage. This en-
gagement then definitely fixes the cylinder in relation to the piston in the
extended position only and should occur within 7/16 inches of the full extended
length. This device is installed for the one purpose of preventing rotation of
the wheel about the centerline of the oleo strut while the wheel is in its

retracted position.

I. TFilling the Shock Struts

WARNING: Release air in atrut before disassembling.

The fluid used in this strut is a mixture of butyl alcochol and castor
oil, U.S, Army Specs. Nos. 4-503-85 and 2-8B reaspectively. For winter operation
use equal parts; for summer operation, three parts castor oil and one part butyl
alcohol. BStandard Lockheed fluid, obtainable at any hydraulic brake service
gtation, may be used for refilling in case of emergency.

These struts are correctly filled when the fluid comes to the level
of the filler plug with the strut fully compressed, and with the airplane in the
three point landing position. Leakage of oil to a level % inch below this point
will not materially affect the characteristica of these struts. To check the
fluid level, the air must be let out.
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J. Inflation of the Shoek Struts

Air pressure around 400 pounds per square inch is required to inflate
these struts when the airplane is fully loaded. The hend pump is capable of
boosting the pressure to 1,000 pounds per square inch when attached to & hangar
high pressure air line of 80 to 100 pounds per square inch. If this pressure
of 400 poundes per square inch cannot be obtained with this booster pump there
is probably a leak somewhere in the air line from the hangar, or in the pump

valves or connections.

Air should be added to the landing gear strut until the distance
between the bottom of the yoke at the top end of the strut and the top of the
cylinder (not the gland nut) is 3-3/8 inches, especially when the ship is over-
loaded.

For full inflation the distance should be approximately é of an
inch greater, as moving the airplane around will czuse some absorption of the
air by the fluid. A variation of % of an inch either way for the final reading
should not be considered of importance., The inflation should be made with the
airplane out of the wind and without the engines runmning, and it should be checked
with the airplane moving forward and the tail on thec zround.

After the struts are once correctly adjusted, readjustment shculd
not be made for minor changes, as thisz may be due to changes in the position of
the airplane, changec of load, wind action, packing frietion, rolling the sir-
plane backward, etc. Check only after the sirplane hes been loaded, as it is
to be flown, and has been rolled forwsrd with the tail wheel down. Do not over
inflate, as hard taxiing and bouncing at contact with the ground will result.

K. Air Valves on the Shock Struts

The air valve is a special Cchrader rubber type, developed for thisg
purpose. This valve funetions like the one in an sutomobile tire. The hex
cap provided with this type of valve has a soft metal seat to furnish a cecon-
dary seal. It should be secrewed down tightly. The cores are replaceable,

The valve core and the seat around the filler plug should be tested
for leaks. Minerel oil should not be allowed to reach the packing rings, as

gunning may result.

L. Adjustment of Lock Mechanism

The landing gear master switch is located above, and is directly
connected to the R.H. lock, and as soon as this lock is raised 1/16 of an inch
above its roller fitting, the motor is started and the gear retracted. The
right and left hand locks are actuated by & single "push-pull® tube, rigidly
connected to each lock through a system of levers. The *push-pull” tube is
actuated by a lever ccnnected at the right side of the fuselage and operated
by the pilot through a cable-~tube system. Operation by the pilot pushes the
"push~pull®™ tube to the right, the right side being in compression and the
left side in temsion; each load being applied by the springs in the right and
left locks, respectively. Both springs losd the *push-pull” tube in the same
direction, and opposite to the load avplied by the pilot.
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On assembly of the connecting tube to the right and left hand lock

pins, cdre must be teken to see that static balance is obtained. This is as-
sured if both lock pins are fully out.

If the left hand lock pin is slightly retracted the cross tube is in
tension and the system is not gtatically balanced.

If the right handé lock pin is slightly retracted the cross tube is in
compression and the system is unbalanced. This condition is serious because the
left hand lock will still be closed after the motor hes started. The motor will
then stall, and the result will probadly be a burned out "overload clutch.”

When once assembled and operated, the linkzge needs no further adjust-
ment .

MARNING
There are two slack tekeup systems in the retracting gear cables,
one for the retracting cable and one for the lowering cable. The one on the
retracting cable is to allow fer oleo action, and it holds the cable under
slight tension when the oleos are half compressed under static load. The slack
takeup spring is extended when the airplane is in the air, due to the faect that
the oleo lengthens, and therefore, the length of this cable must increase. As
this eable is connected to the drum mounted on the torgue shaft, which in fturn
is connected to the irreversible worm gear unit in the right rear side of the
bomb bay, the only way this cable can increase its length is by the movement of
the slack takeup device.

If the airplane is resting on its wheels and the hand crank in the
pilot's cockpit is moved to retract the gear before the lockpins are raised,
the slack takeup spring will be extended until it reaches the end of its tra-
vel. After the airplane has taken off and the olecs extend under their high
air pressure, a very high tension load will be put into this cable, which may
demage the wing structure or the retracting system. CAUTION: In view of the
above it is, theref'cre, very important that the hand crank never be operated
when the airplane is resting on its wheels. See the warning sign on the right
longeron above the crank.

As a safety measure the hand crank should be engaged before take-
off and turned in & clockwise !irection until the ecrank comes to & desd stop.
This will put all of the slack in the system into the retracting cable, thereby
allowing for oleo extension in the air
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M. Removal of Worm Gear Box.

1.

2.

e

Remove the lower left hand fuselage to wing fillet at the
rear fuel tank door.

Remove both rear fuel tank doors.

Remove the three 5/16" Dia. bolts from the outboard splice in the
left and right hend shefts (F-124287). This splice is adjeacent

to the seccnd corrugation brace from the fuselage. Before removing
the bolts in the shaft, disconnect the retracting cable Lo remove
any strain from the shaft.

Disconnect the left and right sheft from the worm geer by removing
three 5/16 die. bolts from each side. These bolts are shown in

Pig. 38,

Slide both shaits outboard about & inches by telescoping the small
splice shaft into the large sheft outboard from the disconrected
splice.

CAUTION: To svoid gelling the tvo chaftse together when telescoping,
the small sghaft must be smoothed down and liberslly coated with
grease,

.Disconnect the fore &nd aft toroue shaft from the cockpit in-

dicator assenbly and the worm gear &fter first removing the small
guard at the indicator assembly.

1ide the shaft forward over the indicator assembly sufficiently
Tar to clear the worm gear.

Disconnect the tubuler brace (A-1059%07) from the worm gear. This
brece is shown in Fig. 38

Slide the worsi gear c¢aese inboerd, out of the right hand cross
shaft, and remove. CAUTION: When reassembling, be sure that the
hand crank indicator in the cockpit is set to read "Down" when the
gesr is locked in the down position. Otherwise the system will
be throwvm out of adjustment.
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a Lowering Drum

L.

0. To Remove

1.

2.

Disconnect the cable from the drum (C-124285 L. H. or C-124284
RO‘ Hb )

Disconnect the outboard tubular brace (A-124291) at the bottom
and swing it outboard.

Completely remove the outboard drum support (C- ~103947) .
Mark the shaft in line with the letter maA® stamped on the drum.

Remove the bolts attaching the drum to the shaft and slide the
drum outboard and off.

a Retracting Drum

Disconnect the cable from the retracting drum (B-103939). Also
disconnect the cable from the adjacent lowering drum.

Disconnect the tubular pulley bracket braces (A-124291 and
A-124292) at the bottom and swing them outboard and inboard
respectively.

Remove the bolts cttaching the drum to the shaft. Also remove
the bolts from the torque sheft splice just inbcard from the drum.

Remove the short torque shaft assembly (A-124289) and the shaft
supports (C-103948 and C-103947) after first removing the bolts
attaching the shaft supports to the reer spar. Do not allow the
retracting gear to rotate on the shaft while doing this.

Merk the shaft in line with the letter "A" stamped on the drum.

NOTE: When reinstalling the drums, attach the lowering cable be-
fore the retracting cseble iz attached.

Replacement drume muct be ordered in matched pairs. To match

the drums, wrap the cables on them in accordance with the instruct-
ions given on drawings B-103983, C-124284, and C-124285. The
difference in length between the lowering and retracting cables
should be .481" plus-minus 1/8". If the druns do not match sc-
cording to this figure, tuu oystem may be thrown out of "time" and
undue tightening of the cables will result.

P. (a) 7o Replace a Retracting Cable

l.

2.

3.

4.

Jack up the ship at the wing jack pads or lift ship off the grouni
by means of the hoist cable. The landing gezr must be in the full
“Dovn" position.

fdemove old cable from drum.
Remove bolts from both large pulleys located near the bottam skin
of the wing. This pulley is shown in Pig., 37. Also remove the bolt

from the slack tcke-up pulleys

Feed the grum end of the new czble up through the slot in the wing
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skin, over the large pulley and over the slack take-up pulley, then under
the other large pulley and over and around the retracting drum 2% turns.

(See Drawing B-10398%) Start the cable in the 6th groove from the large

end of the drum. The cable bushing should line up with the belt hole on

the rear side of the drum. Insert the bolt.

NOTE: Make sure that the cable lies snugly in the bottom of the drum
groovea. If necessary use a wooden block to seat the cable.

Replace the bolts in the large pulley and the aslack take-up pulley.

. Disconnect the rear brace strut at the roller fitting.

Push the landing gear back far enough to permit connecting the adjustable
end of the retracting cable to the eye bolt 1in the half fork.

Pull the gear forward and reconnect the rear brace strut.
Adjust cable until tsut. (Repeat operation 6, 7, and 8 if necessary.)
Check the operation of the retracting system with the manual control.

Lower the ship to the ground.

P. (b) To Replace a Lowering Cable

1

10

Jack up the ship at the wing Jjack pads or 1ift the ghip off the ground by
means of the hoist cable. The landing gear must be in the full "Down"

position.

Remove old cable, including the clevia at the roller fitting.

. Disconnect rear brace strut at roller fitting.

Remove the guard from the large pulley in the wing skin. This guard is
shown in Fig. 37.

Remove the small idler pulley and the sglack take~ﬁp pulley, both of which
are ghown In Fig. 37.

. Detach both retracting cables from the landing gear half-fork and fasten

weights (at least 10 pounds) to the free ends.

Crank landing gear by hand to full "Up" position., CAUTION: Watch the in-
dicator carefully while doing this to prevent damaging it by forcing 1t
against the rear stop.

Place drum end of new cable on the drum with the cable bushing lined up
with the bolt hole on the bottom of the drum shaft. Attach the cable and
wrap it asround the drum 1-3/4 turns. The cable should leave the drum from
the first complete groove on the small end. {(See Drawings C-124284 and

0-124285, )

Assemble the jam nut to the new clevis and attach the clevis to the roller
fitting.

Replace the small idler pulley and slack take up pulley. The cable must
paaa under the idler pulley and over the take.up pulliey.
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11. Hold the cable tight by pulling on the loop formed by the
giack length and slowly crank the gear to the full "Down"
position., Allow the cable to be drawn up into the slot in
the roller fitting.

Note: Be sure to pull the cable down to the bottom of the
drum grooves. Use a wooden block if necessary.

12. Comnect the retracting cables to the half forks and attach
the rear brace strut to the roller fitting.

13. AdJust the cable, by means of the clevis at the roller fit-
ting, until it is taut with the slack take-up spring exten-
ded fuli length. Lock the clevls with the elastic stop nut
that was removed from the old clevis.

14. Check the operation of the gear with the manual control and
lower the ship to the ground. :

Q. Maintenance and Adjustment of Hydraulic Brakes

The operating prinoiple of the hydraulic brakes installed on this
airplane is the same as that of the mechanical type, except that a hydraulic
means of application is used instead of the conventional mechanical means
and therefore, the two brakes are treated separately, so far as adjustment
and maintenance is concerned.

" Each brake is equipped with a hydraulic cylinder with a piston
and suiteble connections, so that when fluid is admitted to the cylinder
under pressure, the force on the piston is transmitted to the primary brake
shoe, thus effecting brake application,

Hydraulic pressure is obtalned by operation of the master cylinder
located 1n the pilot 8 uockpit beside the rudder pedals.

. The tubing used throughout the system is aluminum alloy 5/1 "
.042. The tube fittings are the Parker triple compression type, which utilize
a sleeve under the tube nut, and care should be taken that these fittings are
tight at all times in ordér to prevent leaks. : :

Little trouble with thia hydraulic brake installation will be ex-
perienced if the following precautions are taken:

1. Use only brahe f1luid consisting of 90% Butyl alcohol and 10%
castor oil during cold weather (or when the ground air tem-
perature is below 50°F). Use only a fluid consiating of 60%
Butyl alcohol and 40% castor oil during warm weather (or when
the ground air temperature is above 30°F.). Any other fluid
may congeal, corrode metal parts, or cause deterioration of

rubber parts.
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2. When the pedal action beecomes spongy or other indications of
entrepped air ere noted, bleed the line. Air is compressible
and should be removed from any hydraulic brake system.

3. Keep the level of the fluid in the reservoir chamber &t the
level of the upper indicating screw at all times.

4. See thet the bleeder valve is closed tightly and that the dust
cap is properly installed on this fitting.

5, Inspect the hydraulic lines, sné all fittings for leaks every
20 hours. If leaks are found, repairs should be made at once.,
If any lines require replacement, the ends of the tubing should
be flared, using the proper flaring tool.

R. Operating'and Meintenance Instructions--Brake Cylinders

For complete instructions, see Werner Aireraft Corporation Instruction List

included with the Miscellaneous Bulletins., See Appendix II.
S. Brake Adjustment '

Bleeding the hydraulic system is not neceésary before each brake
adjustment, unless there is indication of air in the system. ,

2 Before attempting to adjust the brakes the wheel should be re-
moved ‘and the brake inspected for damaged parts, and the brake
lining for greese. - If the lining is greasy replece with new lin-
ing. . If the brake return springs do not heve & good initial ten-
gion they should be repleced.

2. Inspect the wheel bearings and remove any thin grease. Repack the
bearings, using & small quantity of Greace, Lubricating, Cup, Me-
dium, Spec. 2-29, and renew the felt washer if necessary. -

3. Replace the wheel ané the wheel bearing adjusting nut. Be sure
there is no brake drag. Then, with the wheel spinning, tighten
the adjusting nut slowly until e besring drag on the spinning
wheel is noticed. Back off the nut approximately % turn &nd lock
in position with the cotter pin. Brake dreg should not be con-
ﬂused with bearing tightness while rotating the wheel during the

earing adjustment. The brake should now be adjusted as follows:
éee Fig., 34, :

Loosen the eccentric lock nut and turn the eccentric in the direc-
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tion of wheel rotation, until the wheel is locked in position.
Back off the eccentric until the wheel just rotates freely. With
a close fitting wrench hold the eccentric in this position and
tighten the lock nut. This should provide a clearance of .010
inch or less at the feeler gauge slot 0-1, which should be checked.

Uncover the star wheel adjusting screw hole hy roteting the cover
plate, and with & screw driver turn the star wheel away from the
axle until a brake drag is noticed when turning the wheel by hand.
Back off the star wheel until there is no brake drag. Replace the
cover plate, This should give & brake shoe cleararce at the feel-
er gauge slot 0-2 of not less than .010 inch, which should be
checked. .

T. Tire Pressures

Tires Beariﬁg Déflection Merkers -~ To determine proper inflation

pressures, tires will be inflated to the point that with normal airplane
loading the deflection marks will just touch the ground. When using these
markers, the tires should be resting on & smooth firm surface,

U. Maintenance of Electrical Retracting System

a.

Master Switch - This switch is the major control switch of the

system. It contains also an indicator light switch for the light
at the hend crank bracket. In eddition the master switch termi-

nates the dovnward travel of the landing gear. It is located on

the rear face of the rear spar, above the right hand landing gear
lock pin in the center wing.

In casge of failure of the master control switch, inves-
tigate the switeh for short circuits, poor connections, dirty con
tacts or poor contact, indicated by srcing and burned pnoints. If
the fault seems to be in the contact betwern the spring "Fingers"
and the buss plate, remove the switch from the airplane. To ac-
complish this it is necessary to detach the mechanical and elect-
rical connections and the conduit from the box end the switeh.

By working through the upper door at the rear sper and through the
spece provided by the lending gear wheel well, the box may be
unbolted and removed. Remove the sliding portion. The free po-
sition of the contact "Fingers" should be 1/16" below the slide
surface. This amount of displacement should give a contact load of
3 1bs, which is emple if the surfaces are clean and true. If these
conditions are not met the parts should be renswed. The load can
be easily checked by means of a gpring scale and a buzzer hookup.
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Care should be taken rnot to strain the switch in making this check,

The indicator light contacts in this switch should have a
free position 1/32" maximum, below their contact points on the slid-
ing portion.

In replacing the swiltch or renewing it, be very careful
to align it properly, 8o that all elements work freely amd without
distortion. The proper functioning of the lock mechanism depends
on freedom.from_excebs friction.

With the lock pin in the full down position the switch
actuating turnbuckle eye must be 5/16" below the fulcrum of the
actuating lever.

b. Reversing Switch - The function of this switch is merely to re-
verse the field current through the motor. It depends for 1its
power supply on the master switch. It is located in the bomb bay
on the R.H. side, and is actusted by the rod between the contyrol

handle and the lock cables.

In case of failure check for loose comnections, dirt,
and arcing. The contact gap should be .0U6", and engagement should
be +" to 3/8" in either direction. In replacing the switch, be

b

careful to obtalin this dimension.

¢. Motor Cutout Switch - This switch 1s used to open the electric cir-
cuit during manual operation, and as an added safety feature in
cagse of a failure in the electric system. It is located in the bomb
bay on the R.H. side, and is actuated by the rod between the clutch
handle in the cockpit and the clutch aft of the worm gear.

In case of failure check for dirt, short circuilts, and
looase connectiona. Also check toggle for wear and for excesslve
friction 1n guides or on box cover seal. Check micarta arc snuf-
fers for interference. If switch is worn sxcessively it should be
replaced. In mounting a new switch be careful to secure it rigid-
ly to the structure without distorting the box; and check the toggle
action so that it 1a fast and free. Adjusat the clutch rod so that
the toggle handle can snap all the way in either direction.

d. Up Position (Stop) Switch - This switch breaks the electric circuit
at the upward end of the landing gear travel. It =also acts as a
Junction box for wires from the right engine nacelle to the master
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switch ané the reversing switch. It is located in the wing on the
inboard side of the R. H. landing gear wheel well.

This switch is the same type as the Motor Cutout Switeh
{See "e" above).

In case of failure check gg in "c¢." In mounting a new -
switch be cersful to secure rigidly to the structure without dis-
terting the box, so that the toggle will snap fast and free. The
actuating rod should be adjusted as shown on drawing R-124047, =nd it
should never be screwed out sc far that the threads diseppear in
the top of the nut. This adjustment is provided to make the switch
cutout hefore the steel stop is hit by the reer landing gear brace
strut.

Throttle.Switches - These switches complete the Vibrator circuit, if

the throttles are closed beyornd the position necessary to meintain

minimum cruising speed before the lock pins are dowm. They are lo-
cated below the throttle rods where the latter run above the center
wing inside the fuselage.

Ad justment of switech contaet to engine is accomplished by
moving the throttle rod pressure fingers fore or aft along the rods
88 required.

Engine Ignition Switch - The mester ignitiom switch slso controle

the indicetor light circuit, and these lights will not function if
this switeh is "0ff." It is loceted in the lower L. H. corner of the
pilot's instrument board.



Model 139-W
A~B-C Page No. 915

CHART - TROUBLE SHOOTING

FLECTRIC RETRACTING SYSTHM

Symptoms References are to Part U of this section.
1. Gesr feils to go up when control is 1. Clutch handle must be in forward
pulled back to "Up" position. "Electric" position. (See "c").

2. "Up Position™ switch &t right wheel
well. (See "d"). .

2. Master Switch. (See "a").

4, Reversing Switch. (See "b").

5. Wiring (See Tig. 36).

2. Gear feils to go down when control handle 1. Clutch handle must be in forwerd
is pushed forward to "Down" position. "Klectric” position. (See "e").
2. R+ H. lock 1must be held open by
trigger arrangement of casting.
(See Fig. Z0).
3. Reversing Switch. (See "b").
4., Master Switch. (See "a").
5. Wiring (See Fig. 3¢).

Light doeg not light when lock pins ere 1. Ignition switeh (See "fT™).
down. 2. Bulbg and sockets.
3. Switch &t rezr spar above R. H.
landing gesr lock pin. (See "a"
and "bm),
4. Wiring (See Fig. 36)

€A

. Vibrator does not function when throttles 1. Throttle Switches (See "e").
are closged and lock pins are raised. 2, Master Switch (See "am).
3. Check functioning of vibrator with
independent source of current.
4, Wiring (See Fig. 36).

1.8

5. Gear Tails to go far enough for lock 1. Contact on mester switch at end of
pins to fell. stroke. (See "a").
2. Adjustment of linkage &t master
switch.

3. Dirt and grease in track and at
stop block, causing motor to stall
and not pernitting trolley to
recch stop block. (Cluteh in motor
will slip when motor 1s overloaded-
55 Ft. Lb. Torque.)

6. Landing Gear fails to operste smoothly. 1. Possibility of wear in the retracting
mechanism which should be ingpected per
Specigl Instruetions,
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SECTION X

POWER PLANT

A. Genersl

This airplane is powered by two Wright Model R-1820-G5 ("Cyclone") engines
each equipped with a two gpeed supercharger and an Eclipse Supercharger Pressure
Regulator. These engines are rated at 950 B.H.P. at 2200 rpm. at 39.5 in. Hg, and
7.14:1 supercharger gear ratio at sea level, and 750 B.H,P., at 2100 rpm at 33,5 in.
Hg. and 10:1 supercharger gear ratio at 15200 feet. Detalled information on the
operation of the engines is given in the Special Piloting Instructions, Section
II-A. Additional information on the maintenance of the engine and its accessories
is contained in the Wright Instruction Manual, and in the Miscellaneous Instruction
Books for Airplane Accessories, which are furnished for each airplane.

The engine installation is shown in Figures 41, 42 and 43. The diagrams,
Figures 40, U6 and 50 will be useful in removal and installation operations.

B. Unpacking Procedure

1. DNew Engines

New engines when received direct from the engine manufacturer are en-
closed in special boxes and are amply protected from corrosion and dampness by
heavy wrapping and oils. To unpack a new engine.

a. Break the seals found under the metal protecting plates at the bottom
of the box,

b. Remove the nuts on the bolts found directly under the handles and 1ift
the cover off by the handles.

c. Remove oil cloth and unpack all locse parte attached to the base. Check
against the list on the Sales Order and inspect to see whether anything has been

damaged in shipping.

d. Remove the dummy spark plugs and rotate the cranksghaft ten or twelve
times.

e. Fasten the hoisting sling on the engine. Be sure that the cable plates
are properly installed. Tighten the Lifting Cable Clamps.

f. Raise the engine and base to a vertical position.

g. Remove the nuts from the bolts holding the steel mounting plate to
the bage and remove the base. The mounting plate can then be removed from the

engine.

h. Loosen the intake pipes of the lower cylinders and draw them out of
the cylinders to allow the oil in the pipes to run out. Turn the crankshaft slowly
geveral times to facilitate draining the preservative compound. This can be done
by inserting a bar through the holes in the propeller shaft. By sight, or by feel
with a device such as a long striping brush having well secured bristles, determine
the condition of the cylinder walls to make sure no rust exists. See Wright In-

struction Book for disassembly procedure.
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i. When oil has been drained and the engine is cleaned and inspected,
tighten the intake pipes at the lower cylinders.

2. Engines from Alrplane Manufacturers

a. The engines received from the airplane manufacturer have been completely
agssembled in the airplane and test run. In order to conserve gpace in shipping and
assembly time after received, certain accessories not installed on the engine when
delivered from the Wright factory have been left installed by the airplane manufac-
turer. For this reason the procedure for unpacking the engine will be slightly
different in this case.

b. The engine is reshipped in the original box and the unpacking is
accomplished in a like manner to a new engine. The rust preventative oil coating
may be left on the outside since it gerves as a protection against dampness and
corrosion while the engine is being ingtalled.

c. Follow instructions outlined in paragraphs(a)through(h)for new engines,
paying particular attention to paragraphs (h) and (i).

C. Imnstallation Procedure

To facilitate the installation of the enginé in the mount, various parts
must be removed. These parts were temporarily replaced on the engine for shipment
by the airplane manufacturer.

1. Remove the outboard plug at the bottom of the oil pump.

2. Remove the top bolt in the cover plate at the gun synchronizer drive.
This is done on the left side only for both engines.

%. Remove the Cuno oil strainer.

L. Remove from the right hand engine only the street ell fitting for the
0il vent line located directly above the gun gynchronizer at the outboard side of
both engines.

5. Remove the radio shielding housing from the right-hand magnetos (both
engines), and lay the rotor block back against the starter. The adjacent bonding
connector must be loosened and moved under the Breeze shielding of the magneto.

6. Remove the drain plug and stem from the bottom right side of the
supercharger housing.

T. Protect the Breeze ignition shielding with a suitable cover to prevent
damage at Installation of the engine.

8. Ingtall the Starter and Generator. A supporting bracket is provided
between these units to provide greater rigidity. It is essential that this bracket
be properly installed without strain between the accessories. Care was taken at
the factory to remove it without changing the adjustment. However, if it is neces-
gary to readjust, the above conditions must be met.

9. Install the front and rear engine cowling support rings on the lugs
of the engine rocker boxes. The rear support ring also consists of the cowl flaps.
The installation is described in Section VIII,
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10. Install the exhaust manifold nipples at the engine exhaust ports,
except on No. 1 cylinder. (See paragraph E.) Caution: Remove the cover plates
from the ports first.

11. Be gure the small brass elbow located below the engine mounting lug
aft of cylinder No. 9 and used for the engine primer line is turned aft. This
fitting is hard to reach when the engine is mounted.

12. The engine mounts are removed from the wing with as many parts in-
tact as is practicable. It is therefore, only necessary to make the proper cen-
nections of those parts after the engine 1s installed in the mount. This per-
tains mostly to electric condults to Jjunction boxes, brackets, and such flexible
controls as can be convenlently disconnected at the engine and at the wing spar.

The mounts are shipped with the exhause manifold "muff" and carburetor
hot air duet intact. The engine mounting bolts are also left installed in the
mount together with the engine baffle plates.

13, Remove the baffle plates and properly place the steel counter-sunk
washers on the bolts.

14, With the engine suspended by the sling and rigidly supported, 1ift
the engine mount into position and start over the impeller housing.

15. With the rear end of the engine through the mounting ring the baffle
plates should be instglled in the proper placeg. Guide the braided flexible pipe
from the intake into the magneto blast tube - both gides of the engine.

16. Provide one aluminum alloy spacer washer on each mounting bolt at
the front side of the baffle plate and guide the bolts Into the engline mounting
lugs. The nut on the bottom bolt must be installed first before too much bolt
extends through the lug. One aluminum alloy spacer washer and three steel washers
are used under the nuts for all bolts. As the mount is moved toward the engine,

continue to draw up on the bottom nut.

17, Place spacer-washers and nuts on all bolts and draw up reasonably
tight with the special (12 point) box wrench No. A-210309.

Note: If the engine mounting bolts have been disassembled from the en-
gine mount for any reason, 1t is essential that they are replaced in accordance
with the instructions in paragraph'D" of this Ssction.

: 18. Replace the shielding on the magneto; the Cuno oil strainer; the
plate bolts in the synchronizer covers; the plug in oil pump; the oil vent fitting
on the right engine; and the supercharger drain fitting.

19. Install the carburetor throat adapter, and the carburetor. Provide
the proper gaskets and wire screen, and install the carburetor heat control valve.
(See Parts Catalog for Wright Cyclone R-1820-G Engines for the order of locating
the various parts of this assembly. )

20. Install the tachometer and fuel pump drive adapter on the right side
of the engine. Install the tachometer generator and the fuel pump, and safety in

place.

21. Connect the englne primer line. Make sure the clamps are secure,

29, (ormmect the carburetor drain linea at the fore and aft sides of the

carburetor. Connect the ram line at the front side of the carburetor.



Model 139-W
C Page No. 1003

235. Ingtall the electrical conduit for the temperature indicator at
No. 1 cylinder. '

24k, Install the electrical conduit to the propeller motor brush housing
connecting the attached bonding cable at the aft side of the baffle plate.

25. Connect the heavy bonding between the engine and engine mount (both
gides). '

26. Connect the cowl flap push rods to hold the flaps open.

27. Install the exhaust manifold sections., The exhaust gas analyzer
nipples must be removed from the bottom left section in order to install. Re-
place nipples and connect the sampling and expellant lines. (See paragraph J.)

28. Install the Servo oil pump and the vacuum pump at the right side
of the left-hand engine and install the vacuum pump on the right engine.

29. Make the electrical connections between the engine accessories
and the Jjunction box at the right side of the engine mount.

50. Install the engine instruments on the shock absorbers at the in-
board side of each mount, and make the proper connections.

31, Connect the control rod between the carburetor and the supercharger
regulator lever.

32. Commect the drain lines from the supercharger housing, carburetor,
and vacuum pump.

53, Make a thorough inspection of the assembliea to ascertain that no
bolts or nuts are missing and that all are safetied,

34, Hoist the engine mount into position on the wing and secure in
place with the attaching bolts. (Refer to Section VIIL for the attachment of
the mount to the spar.) Replace the phenol fiber covers around the lower legs
of the engine mount frame at the fire-wall.

35. Connect the Servo oil lines between the engine accessories and the
oil sump, and the pressure regulator.

36. Connect the propeller governor drive at the adapter on the engine
olil pump.

37. Connect the fuel pump drive shaft.

38. Install the oil lines at the pump and ingtall the temperature bulb
in the well of the "OIL IN" line.

39. Install the control cables to the cowl flap drive unit located at
the bottom of the engine.

40. Connect all engine controls and gafety.

41, Install the propelier. See paragraph K.

42, Check the installation of sll bonding jumpers.
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43, Install the spark plugs last in accordance with the instructions
given in Chapter VII of the Wright Instruction Manual., Make certain that the
gpark plugs will function properly before they are screwed into the engine.
Spark plugs that are not gtored in dry air-tight containers are affected by
condensation and do not function properly. See Engine Maintenance, paragraph M.

L, After all installations are passed final inspection, fill the fuel
and oil tanks and the Servo oil tank to the proper levels before starting the

engine run-up check,

45, Refer to the Pilots' Instructions (Section II-A) for Starting and
Operating the engines.

D. Engine Mounting Bolt Agsembly

1. The engine is ingtalled in the mount on 9 tee type Lord rubber
shock absgorber bolt assemblies. Three of these units are equipped with ad-
Justable-stop assemblies to eliminate torsional play between the mount and the
engine. The component parts of these assemblies are shown in Figure 27. The
engine mounting lugs, which are welded on the engine mount ring adjacent to
cylinders No. 1, 4 and 7, are spaced for these units, The remaining six pairs
of lugs do not have sufficlent space between for the adjusting nut unit.

2. The rubber ccre of the Lord mounting bolt has been inserted from
the faced off side of the metal housing. The bolts must be installed in the
mount so that the location of these machined surfaces correspond with the direc-
tion of engine rotation. That is, the machined surface of the top bolt will
be at the right side looking at the engine from the rear,

3, Flanged spacer-bushings are inserted into the Lord unit from both
sides. See Figure 27. The long spacers are used through the three adjustable-
stops only. All other spacers are short.

4, Starting at the top cylinder No. 1, the five right hand AN-5/16
attaching bolts through the engine mounting lugs and the Lord unit,are inserted

in a clockwise direction,

The remaining four bolts at the left side of the engine starting aft
of cylinder No. 9 are inserted in a counter-clockwise direction.

This is done =o that these bolts will be more apt to remain in place
if the nuts were accidentally left unsafetied.

5. The three adjustable units are Installed as follows:

a, Line up the Lord unit, adjustableéstop assembly, and spacers in
the manner ghown in Figure 27. Place the adjustable-stop assembly against the

machined surface of the Lord unit,

b. Install the assembly in engine mount lugs with the adjusting
unit on the side corresponding to the rotation of the engine. See "Adjustable
Mounting Bolt," Figure 29C. Insert the AN attaching bolt in the proper direc-
tion. Washers and spacers used under the head and nut of the attaching bolts
are shown on the Engline Installation Drawing which is listed in Appendix IIIL.
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¢. Line up the threaded bushing in the adjustable-stop unit with the
No. 10-32 drilled head bolt in the engine mount lug and screw the bolt in far
enough to hold the bushing flange.

d. Adjust the unit until it bears snug against the Lord unit, but
do not overtighten. :

e. Screw the No. 10-32 locking screw through the flange into the
nearest hole in the adjustable-stop unit and safety with .04l lockwire.

E. Exhaust System

1. Description

The engine Exhaust Manifolds are manufactured by the Soldr Aircraft
Company, San Diego, California. Corrosion-resistant sheet steel, AC Spec. No.
57-136-9, lat grade, 1s used in the fabrication of the Manifold.

The exhaust system comprises two separate collector assemblies, each
having its outlet terminating below the engine nacelle. The right-hand assembly
is connected to four engine cylinders, Nos, 2, 3, 4 and 5, while the remaining
five engine cylinders, Nos. 6, 7, 8, 9 and 1 are connected to the left-hand
aggsembly. There are four main sections in each agsembly. The sections are
assembled together by means of special clamps as shown in Figure L2, (See para-

graph 2.)

The sections of the menifold (except the top left section at cylinder
No. 1, which connects direct) are supported on the engine by eight short nipples,
(see sketch below). This construction 1s provided mainly for the removal of an
engine cylinder without removing the exhaust manifold. Since they can be made
heavy at the section most stressed, the nipples also reduce the possibility of
failure of the outlet pipes due to fatigue, or to disintegration caused by direct
gubJjection to the exhaust blast.

2. Installation

The nipples shown in the sketch are similar parts and must be installed
on the engine 8o that the three-hole flange will coincide with a similar flange
on the corresponding menifold section. That is, the nipple must be installed on
each cylinder so that the bolt hole shown on the imaginary indicator lines in the
sketch below will be nearest the center of the engine.

0 NIPPLE BETWEEN ENGINE AND
' EXHAUST MANIFOLD

INSTALL PART NO. 983-1-625-2S
AT CYLINDERS 2-3-4-7-8-9.

INSTALL PABT NQ. 983-12-438-10
AT CYLINDERS 5 AND 6.

__ TO CENTER
§ OF ENGINE
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These parts are most easily installed when the engine is suspended in
the hoisting sling prior to assembling with the engine mount, A copper-agbestos
gasket is placed between the engine exhaust port and the nipple, and a solid
copper gasket ig used between nipble and collector.

The exhaust manifolds are installed after the engine is secured in the
engine mount. The accompanying sketch indicates the proper locations of the mani-

fold components,
i 983~12-h58~1
983-3-409-308 ——— Ay
) “!’ 983-12-438-2

&5

983-12-438-9 983 -3-4+09-303

983-3-409~405 '

98%-12-438-%

By REFERENCE ‘.?
E SOLAR 3
ATRCRAFT : b
o

DRAWING

e
.. 083-%-1100-10S
oA
&i’ 083-12-438-4
\\\'

' ‘ﬁ‘ 983-3-409-U6S

083-12-438-7 08%-12-438-5

983-12-4%8-6

Parts required to assemble
nipple with collector

2k
; Castle Nut
5/16-24 Sta. Stl.

"Ago Cotter Pin
g 0,J1/16%1/2 Sta. Stl.

Sketch showing the relation of the exhaust manifold components with the engine.

Gasket
1/16 Copper

Hex. Hd. Bolt
5/16-2Lx7/8
long

It is necessary to remove the two stainless steel nipples for the Cam-
bridge Analyzer to install the bottom left section of the exhaust manifold. Further
details on the analyzer connections are contained in paragraph J of this Section,
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When installing the manifold, begin at the top (either gide) and work
down. The nipples having been already installed need not be considered.- The
parts required for assembling the manifold together, and installing them on the
nipples are shown in the above sketch. The sleeve-bands which are clamped over
the Joints should not be drawn up too tightly. They should be snug, but still
free enough for rotation when gripped with both hands.

Whenever the exhaust manifold has been removed from the engine, a
thorough inapection of all the parts should be made for cracks or fractureas.
Check the copper asbestos gaskets between the engine exhaust parts and nipples,

replacing any that show signs of failure.

F. Air Intake System

1., General Description

In general, the carburetor air intake system for each engine consists
of a hot and cold air "mixing chamber" or "heat control valve" which is mounted
on top of the down-draft carburetor, and connected by separate ducts to the air
supply. See Figure 43. Cold air 1s obtained by "RAM" through an air duct in-
tegral with the top section of the engine cowl, and which connects the forward
side of the heat control valve, Hot air is drawn from the "Muff Assembly Well"
where it is pre-heated by the exhsust manifolds, and is conducted into the heat
control valve through two inter-connected air ducts shown in Figure L43. The
pre-heated air is first drawn through a % inch gap provided between the front
plate of the muff assembly, and the inner periphery of the venturi cowl, and
thence through the ducts connecting the heat control valve with the top of the

muff well.

A special thick, woven, sealing gasket is provided between the air
ducts and the heat control valve unit to eliminate leakage in the system. The
front seal i retained by flanges integral with the valve unit and remaine in
place when the top section of the engine cowl is removed. The rear seal is
retained between the heat control valve unit and the hot air duct in a semi-
floating condition, being held in place by flanges provided on each unit. See
Figure 43, This seal can be removed only after the hot air duct is. disassembled
from the rear side of the muff where it 1s secured by sixteen No. 10-32 steel

bolts and castle nuts,

The heat control valve is operated by means of an adjustable type con-
trol handle which is located aft of the throttles on the left gide of the cock-
pit. This handle is connected to the valve unit on each engine by a system of

push rods and levers shown in Figures 4O and L.

2, Heat Control Valve Mechanism

The heat control unit is shown on the Engine Installation Drawing. The
housing is fabricated from corrosion-resistant sheet steel using spot-welded
construction. The mixing chamber is equipped with a flapper valve which is con-
structed of aluminum alloy sheet reinforced by corrugations. The valve gate is
loogsely hinged on a control shaft which passes through the housing. Two stop
plates are bolted onto the shaft so as to extend down the rear slde of the gate,
thug preventing the gate from swinging back uncontrolled. A special coil spring
is retained on the shaft, and extends downward at the front side of the gate
keeping it pressed against the stop plates. This spring permits the gate to
rotate forward on the shaft in event the engine backfires through the carburetor,

thus allowing the back pressure to escape through the cold air duct.
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The valve gate shaft is supported by two ball bearing assemblies which
are mounted on the outer gides of the valve unit housing. These bearings are
retained in their housings by dust-tight caps which are removable to permit dis-
asgembly of the valve gate. Serrations are provided on the faying surfaces of
the valve gate shaft and the control crank to permit initial adjustment of the

gate and controls.

G. Engine Controls

The Engine Controls are shown in the Diagram, Figure 4o, with details
gshown on the Eng. Control Installation Drawing.

In general, the system consists of a complete set of controls terminat-
ing at the left side of the pilots' cockpit with psrtial control installed in the
rear cockpit. Except for the Shakespeare controls used in the supercharger regu-
lator system and the supercharger speed control system, the engine controls are
operated through a system of push-pull rods., These rods and controls are equipped
with self-aligning and sealed ball bearings wherever a change in control direction
is necessary. The terminals are generally ball-bearing except in a few cases
where clevis terminals are used satisfactorily. The sealed ball bearings need no
further lubrication, but the self-aligning bearings, open bearings, and clevis
terminals must be oiled or packed with light grease at overhaul and inspection
periods as required. See grease charts in Appendix IV.

The pilots' engine controls consist of a modified Type B-6 engine control
unit in which two supercharger regulator control levers are incorporated; also an
adjustable unit combining the controls for the carburetor air temperature, and the
engine two-speed supercharger. The engine control unit provides for the throttle
and mixture controls in additlion to the supercharger control. The spark adjustment
is locked in the full advanced position on the engine and no means of control from
the cockpit is provided. The two-speed supercharger control handle is connected
to the engine units through Shakespeare controls. Two positions, "High" and "Low"
are provided in the handle which is located inboard nearest the pilot. The carbure-
tor heat control handle is provided with a ratchet and lock by which the valve unit
on the engine may be adjusted at various degrees open.

A diagrammatic layout of these controls is shown in Figure LO. The Engine
Control Installation drawing is listed in Appendix III,

The copilot's controls consist only of a throttle for each engine and one
mixture lever incorporated in a standard Type B-1 engine control unit which is
located on the left side of the fuselage. The push-pull control rods are connected
to the bellcrank assembly located on the front wing spar in the pilots' cockpit
(see Figure 4). The one mixture control 1is so arranged that the copilot can richen
the mixture only, thereby preventing him from damaging the engines by "leaning out"
the mixture without being able to observe the tachometers and manifold pressure
gauges located in the front cockpit. The extrs mixture lever is part of the stand-
ard control unit, but is not connected to any part of the engine. It is kept in
one position by means of lockwire. The arrangement of this mechanism is shown on
the Engine Control Installation Drawing, and in Figure 4O,

Adjustments of the control rod lengths to synchronize the movement of all
the throttle, or mixture levers can be made by backing off the locknuts from the
rod ends, adjusting the length by turning the terminal in the desired direction,
and retightening the locknut. It should be noted that the throttle controls are
arranged to transmit a differential motion to the butterfly valve in the carbure-
tor, thus permitting finer adjustments near the closed position.. -
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H. Supercharger Regulator System

1. General

The rated power of the engines at varying altitudes is maintained through
the control of the engine manifold pressure by means of an Eclipse Supercharger
Regulator which is installed on the engine. These regulators will automatically
maintain any desired manifold pressure between the high and lower power limits of
the engine as adJjusted by the pillot. These units are controlled by the pilot by
means of two levers incorporated in the Engine Control Unit, and connected to
the regulators through "Shakespeare" controls (see Engine Control Diagram, Figure
Lo). The regulators are interconnected with the engine carburetor controls in
such a way as to provide for sufficient overcontrol of the regulator to permit
full-throttle operation with the regulator piston in the "FULL OUT" position.

The Eclipse Supercharger Regulator Instruction Booklet No. %8 which accompanies
each airplane shows the required travel of the lever connecting the regulator to
the cockpit control to permit overcontrol of the regulator.

The two levers provided to operate the pressure selector lever on the
regulator are installed with sufficient friction to hold the lever in any posi-

tion within the operating range.

Becauge it is extremely important that the supercharger regulator be
properly adjusted when operating the engines in flight, the following instructions
repeated here are taken from the Wright Aeronautical Corporation Miscellaneous
Instructions, No., 103-B (Revised March 10, 1937); and Eclipse Instruction Booklet

No.38.

2. Adjustment-Eclipse Supercharger Regulator

(a) Control Linkage

Since the linkage from the regulator to the carburetor is installed
in accordance with the installation drawing (page 11.of the Eclipse Booklet) the
only adjustment will be a posaible adjustment in the length of the link rod.
With the throttle fully CLOSED and the regulator piston FULL IN, the carburetor
lever and the corresponding lever on the regulator should both be approximately

30° above the horizontal.

(b) Regulator Adjustment

(1) High Boost The high boost take-off manifold pressure (393 in.--
100,35 cm. Hg.) ghould be obtained from the engine

gpecification. With the pressure selector lever in the "High Boost" position,
gtart the engine in the normal manner (paragraph D, Section II-A), using the
throttle to control the engine speed during the warm-up operation (see paragraph
E, Section II-A). When the engine is thoroughly warmed up, the throttle lever
in the cockpit should be moved slowly towards the open position. Do not exceed
take-of f manifold pressure., If the regulator adjustment is too low, a limiting
manifold pressure will be reached and movement of the throttle lever towards
the throttle closed will not change the stabilized pressure. If the adjustment
is too high, the take-off manifold pressure will be obtained before the throttlé
reaches the end of its travel, If an adjustment of the setting is necessary
(refer to the adjustment diagram, page 1009), loosening the outer adjusting
gleeve lock-nuts and screwing the outer sleeve toward the regulator body will in-
creage the manifold pressure setting approximately a inch Hg. for each full turn
of the sleeve. Following this adjustment, the engine should be run and the pres-
sure checked ag explained above. Any further variance from the desired take-off
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manifold pressure can be corrected by further adjustment. The lock-nut should be
tightened securely after the final adjustment is made. Durling the check the

R.P.M. should be the desired take-off R.P.M. Although lower R.P.M., will not affect
the adjustmentprocedure or the final adjustment, it may induce detonation and its
accompanying detrimental effects.

(2) Low Boost With the preasure selector lever in the extreme low
boost position, the manifold pressure should not exceed

20 in.--51 cm. Hg. when the throttle is opened until the engine is turning at
approximately recommended cruising R.P.M. Normally the regulator should require
no adjustment for the low-boost setting since this is established at the Eclipse
Factory. However, 1f the low boost setting is below or above 20 in.--51 cm. Hg.,
then an adjustment should be made. Reference to the adjustment diagram indicates
that loosening the inner adjusting sleeve lock-nut and screwing the inner adjust-
ing sleeve outward from the regulator body will decrease the manifold pressure
setting approxirately % inch Hg. for each full turn of the sleeve. Following the
preliminary adjustment, the setting may be checked and further adjustment carried
out as necessary. The lock-nuts should be securely tightened after the final

ad juatment.

For complete instructions on the operation of the engines with the
supercharger regulators, see the Special Piloting Instructions (Section II-A
of this Manual), or refer to the Pilot's Operating Manual, Additional information
on the maintenance of this accessory may be obtained from the Eclipse Aviation
Corporation Instruction Book No. 38 covering the Supercharger Regulator for
Wright Cyclone Engines, a copy of which is included with the accessory bulletins.

I. Supercharger Speed Control

The two speed supercharger controls with which this airplane is equipped
provides gear ratios of 7.14k:1 in low blower, and 10.0:1 in high blower. This
equipment effectively combines both low and high altitude characteristicg in the

game engine.

This unit 1s used in direct drive and reduction geared engines. It is
hydraulically operated by engine oil to shift the impeller gearing into either
high or low as desired. It takes the place of the solid type impeller drive gear,
and impeller drive gear shaft which are used in single speed supercharger engilnes.
The only external difference 1s the presence of a small plunger type control lo-
cated on the rear cover above the generator pad which actuates the hydro valve

controlling the two apeed unit.

The two speed supercharger unit consistes essentially of a high ratio
layshaft in which ie incorporated a small planetary reduction gear which, when
engaged, reduces the unit to the low gpeed ratio. Oil pressure at the control
valve may be applied by actuating the plunger to the high gear hydro clutch at
the forward part of the unit or to the low gear clutch at the rear of the unit.
When the control valve is moved to the neutral position, the oil pressure on
both the hydro clutches is relieved, thus making the impeller drive inoperative,
The control valve should not be left in the neutral position during flight ope-

ratiorn.

The high gear ratio is obtained by means of oll pressure on the forward
clutch which is incorporated in the impeller drive gear which replaces the solid
type impeller drive gear used in engines having slngle ratio gupercharger gears.
With the unit in high ratio the stationary or sun gear of the low ratio planetary
gear train is free, because the low ratio clutch is disengaged, and it rotates
with all of the layshaft parts. In the high ratio, therefore, the drive ig as
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follows: (a) From the accesgsory drive gear to the intermediate impeller drive gear
(b) From the intermediate impeller drive gear through the front, or high ratio,
"engaged" clutch and impeller drive gear to the impeller shaft.

The low gear ratio is obtained by means of oil pressure on the rear or
low ratio clutch which anchors the sun or stationary gear of the planetary gear
train. The high ratio clutch 1s disengaged and the planetary gear train becomes
operative changing the supercharger gears into the low ratio. In the low ratio,
therefore, the drive is as follows: (a) From the accessory drive gear to the in-
termediate impeller drive gear (b) Through the planetary gear to the intermediate
drive shaft {c) From the intermediate drive shaft which is splined to the impeller
drive gear at the forward end, to the impeller shaft.

HYDRAULIC SYSTEM In two speed supercharger engines a drilled passage leads from

the crankshaft extension bearing to a control valve located in
the supercharger rear housing cover at the rear end of the impeller drive shaft.
When the valve is in the high speed pogition oil under engine pressure is admitted
through the oil distributor plug, which is pinned in the bore of the intermediate
impeller drive shaft, to the chamber between the impeller drive gear and the high
speed clutch piston, and the passage from the low speed clutch piston is open so
that oil in the chamber between the low speed clutch piston and the supercharger
rear cover is free to drain into the crankcase. When the contreol valve is in the
low speed position, oil under engine pressure is admitted to low clutch piston
chamber. When the valve is in the neutral position, oil pressure is admitted to
neither clutch piston chamber. Passages are provided in the intermediate impeller
drive shaft to conduct oll to the pinion and sun gear bushings and to the impeller
drive gear bushing in the supercharger rear housing.

Additional information covering the constructiog and maintenance of the
mit are included with the Wright Aeronautical Data in the Migcellaneous Bulletins.

It ig extremely essential that the Shakespeare controls for both units
are adjusted for synchronous operation. A clevis terminal is provided at the
unit end of the controls at which the gtroke adjustment is made. There should be
1/8 inch extra travel in both directions over the 1/2 inch reguired in the stroke
adjustment. This will assure full travel of the plunger and compensate for any
friction that may exist in the Shakespeare controls.

J. Exhaust Gag Analyzer

1l. General

The Cambridge Aero Exhaust Gas Analyzer and Mixture Indicator 1s installed
to more efficiently indicate the fuel/air mixture ratio in either engine and to re-
place the old method of leaning out by watching the tachometers and engine tempera-
ture gauges. Since the engine speed is not affected by a change in power which is
due to the action of the constant speed propellers, the conventional method of
manual mixture adjustment is slower and less accurate.

The system consists of a gas analyzing cell mounted in the nose section
of the wing, inboard of each nacelle and connected by gas sampling tubes to the
left-hand exhaust collector manifold; a Jjunction box installed in the pilot's
cockpit below the throttle; and a dual type indicator instrument located in the
lower left corner of the instrument main panel.

The installation of this equipment is covered on the Installation drawing
and in Figures 4 and 4A. The electrical connections are shown on the Simplified

Electric Wiring Diagram, Figure 67,
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2. Analysis Cell

The cell is mounted on "Lord" rubber shock units in a bracket installed
in the nose of the wing. The cell 1s reached by removing the lower inboard section
of the venturi cowling. A shell is installed over the cell unit and is provided
with a large cold air blast tube connected to the air intake duct of the oil
cooler. Access to the analysis cell core ig provided through a removable cover
on the shell without disassembling the complete shell installation. Two separate
lengths of 3/8" diameter copper tubing connecting the analysis cell to the ex-
haugt manifold are clamped to the nacelle structure and terminate in stainless
steel nipples installed in the manifold. The nipple for the sample intake tube
is installed so as to point up into the exhaust stream thus assuring a positive
flow of exhaust gas through the cell at all times. The nipple for the expellant
tube 1is installed below the intake nipple and pointed down-stream. The tubing for
this line is installed in such a way as to insure proper drainage of condensate
through the cell and the outlet nipple. Careful inspection of the tubing connec-
tione must be made at regular periods to ascertain that they are intact and secure.

3. Procedure for Setting the Cambridge Exhaust Anslyzer

There are three points of instrument adjustment which are as follows:

a. Mechanical AdJjustment

When the switch marked No. 1 in the Jjunction box, which is mounted
in the left side of the pilot's cockpit, is in the "OFF" position, the pointers
in the pilot's instrument should both stand at the line marked "A" on the scale.
If they do not, the pointers should be brought to this position by turning the
small adjusting screws (#2) just above and below the scale.

b. Current Adjustment

A current of constant value is required for proper operation. This
is obtained by turning the switch marked #1 to "STD" whereupon the upper pointer
should move to the line marked "B" on the scale, If it does not, it is adjusted
to this point by turning the rheostat screw #4 on the Junction box in the pilot's

cockpit.

c. Blectrical Zero

The position of the pointer on the electrical zero is the same as
the mechanical zero and seldom requires adjustment, but each analyzer cell must

be adjusted individually. To adjust:

First verify adjustment a and b, If the adjustment is satisfactory,
proceed as follows:

(1) Replace the bronze wool in the analyzer cells with a clean rag
moderately wet with water and secure the filter cover. There
should be only pure air in the meter and no residual gas from g
previous engine run.

(2) Allow the instrument to stand thus for about 30 minutes and then
turn the switch marked #1 to "ON," whereupon the pointers should
gettle at the line marked "A" after 30 seconds. If they do not
settle at this positlon, adjustment is made by turning the rheo-
stat screw #3 in the corresponding analyzer cell. After testing,
the bronze filter wool and covers should be replaced.
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Check mechanical zero and current ad justment as previously noted after
which, with the engine running, the mixture ratio will immediately be shown on
the indicator. It 1s recommended that the engines be run at least 1300 r.p.m.

to obtain 'a good sample of gas.

d. Maintenance

The bronze filter wool in the analyzer cell will collect oil and
particles of carbon and should be examined occasionally; and when necessary, the
wool removed and washed first in gasoline and then in water. Shake out the water
before replacing. If old wonl 1s corroded, use new wool,

To compensate for the water vapor present in the sample of exhaust gas,
a water compengsator or wetted wick is fitted in the air side of the analyzer cell.
This wick glowly dries out and at long intervals, say 3 or 4 months, the water
requires replenishing. To do this, remove the large black hexagonal screw #6
which containg the wick, from the front of the analyzer cell. The wick should
be wetted with clean water and the surplus shaken off after which it should be
replaced. Whenever this wick is wetted the electrical zere should be checked

in accordance with paragraph C.

To obtain a good exhaust sample move curved tube in and out of exhaust
pipe while engine is running. Connect one end of a 3" I.D. rubber hose to drain
line from analyzer cell and immerse free end in an open bottle of water; best
gsample is being obtained when water bubbles rapidly. Be sure curved tube is
p01nted in towards the flow of exhaust gas.

4. Operation

The use of the Cambridge Indicators is detalled in paragraph M, Section
II-A of this manual and in the Pilot's Manual. Full details on the construction
of the instrument and the theory of its operation are obtainable from the Cam-
bridge Instrument Company, Ossining, New York, or by communicating with the
Service Department of the Wright Aeronautlcal Corporation.

K. Curtiss Congtant Speed Propeller

1. General

The propeilers installed on these airplanes are of the 3-blade, constant-
speed, electrically-operated, full-feathering type. These units are manufactured
by the Propeller Divislon of the Curtiss-Wright Corporation, Buffalo, New York.

"The model designation is C-532 DRH. The blade designations are shown
in Curtiss drawing No. 89305-18. An explanation of these numbers is given in
the Curtiss Propeller Manual which accompanies each airplane., Blade replacements
are ordered by reference to the basgic drawing number only, the serial number
being disregarded Complete blade assemblies including the Duplex ground angular
contact bearings must be ordered if replacements become necessary.

Each propeller installation consists mainly of & three-bladed aluminvm
alloy propeller and steel hub assembly which is mounted on the engine, together
with an electric power control unit; a slip-ring.and brush assembly located aft
of the hub on the power unit and the engine respectively; a propeller governor
assembly located on the front wing spar in the engine nacelle; and the necessary
electric and manusl controls, wiring; and cables. A detailed description of
thege unite and their operation 1s contained in the Installation and Maintenance
Instruction Book for Curtiss Propellers which accompanies each airplane.
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2, Controls

The pilot's controls consist of a group of electric switches and two
manual control wheels for setting the propeller governors. These controls are
installed in the left side of the fuselage in the cockpit as shown in Figure k.
There are three switch assemblies for each propeller as follows: (See Simpli-

fied Wiring Diagram, Figure 67.)

a. Control Switch

One switch is provided for each propeller and is installed on the
longeron at the pilot's left side. A shield 1is provided over the switch handles
to prevent inadvertant operation.

This switch is a safety snap awitch, GE Type GB-130, eguipped with a
thermal overload relay which automatically breaks the circult after a predeter-
mined period of overload. The overload relay is capable of closing the circuit
automatically after it has cooled sufficiently, thus compensating for the
normal fusing of the circuit. The switch is used to shut off the power supply
to the propeller circuit when the airplane is not in use, thereby preventing a
Bteady drain on the battery.

b. Constant Speed - Manual Contrql Selector Switch

One switch is provided for each propeller and is installed on the
longeron immediately forward of the control switch. This switch is a standard
type B-9 two-position snap sgwitch. It 1s used to switch the source of power
supply into either the manual-control circuit or the constant-gpeed control

circult.

¢. Manual Contrql Switch

One switch is provided for each propeller and is located on the longeron
immediately forward of the constant speed-manual selector switch. This switch 1s a
standard type B-11 momentary contact switch having two poles and an intermediate
"Off" position. This switch must be held in either the "increase" or "decrease"
contact position to operate, Manual control of the propeller blade angle 1s ob-
tained by this awitch which shunts the source of power supply to "increase pitch"
or "decrease pitch" as desired.

B Propeller Governor and Relay

The constant speed of the engines is maintained by the propeller gover-
nor which is driven by a flexible drive shaft connected to an adapter installed
on the engine oil pump. The speed of the governor is dependent upon the speed
of the engine, which in turn is governed by the pitch of the propeller. The
speed at which the governor is set by means of the control wheel in the cockpit
is held constant by an integral spring-loaded flyweight in the governor mechan-
ism, The spring and flyweight forces oppose each other, Jointly controlling the
position of a contact-operating rod which in turn operates a spring-loaded movable
contact point that travels between two fixed contact points in the governor mechan-
ism. When flyweight forces overbalance the apring load, contact is made with the
governor gwitch fixed contact point, closing the "increase pitch" circuit; and
when the spring load overbalances the flyweight centrifugal force is made on the
opposite fixed contact point, closing the "decrease pitch" circuit.

The current from the governor is transmitted to one of two magnetic
coils in & switch relay which is provlided between the governor and the propeller
motor. These colls may also be energized by the manual control selector switch.
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When the coil on one gide of the switch arm 1s energized by elther the governor
or the manual selector switch, the switch arm in the relay leaves its normal
pogition and closes the propeller circuit which flows through the switch arm, and
through the fixed contact to the electric motor on the nose of the propeller.
The two fixed contacts of the relay are connected to oppositely-wound fields of
the electric motor, thus controlling the direction of rotation of the motor
depending upon the displacement of the switch arm.

A change 1n the governor setting for either propeller can be made
through a range of por gtarting from 20° low pitch and stopping at LO° high
pitch. This change in setting is effected by moving the micarta control wheels
in the cockpit. Full "feathering" of the propellers to an angle of 88.6°
also obtainable by operating the selector switch and the momentary switch to
"Increase" the pitch. (See Operating Instructions, Paragraph P, Section II-A.)
A name plate on the wheel bracket indicates "Increase" and "Decrease" pitch and

maximum engine R.P.M.

L, Installation

a. Propeller Governor

Since all airplanes are not flight tested before delivery, it will be
necessary to check and adjust the setting of the propeller governors with the
cockpit indicators on each airplane. The actual test is made during flight when
the engine is permitted to turn up the maximum R.P.M. for a longer period. The
general directions for installing the controls are as follows:

After connecting the propeller governor flexible drive shaft between
the governor and the oil pump adapter, rotate the sprocket on the governor to
the left (or counter-clockwise) the full limit. Turn the control wheel in the
cockpit to full "Decrease" position. 1Install the chain segment of the LEFT
HAND control cable on the sprocket leaving two links of the chain on the "De-
crease" side of the cable at the top of the sprocket. For the RIGHT HAND con-
trol cable the same instructions apply except that the short side of the chain
is at the bottom of the aprocket. Connect the turnbuckles in the cockpit and

remove the slack in the gystem.

Rotate the sprocket at the governor to the right (clockwise) until
the "witness" or "reference" marks placed on the sprocket and the housing coin=-
cide. In this condition the governor is set to maintain a propeller speed of
2200 R.P.M. The nsme-plate in the cockpit may then be moved to coincide with
the position of the indicators. In event the pointers do not line up, the
cable lengths may be changed at the indicator assembly. Final adjustments are
made with the turnbuckle. Three positions for the cable anchor-eye are provided.

A full power flight check of the installation should be made when
practicable by adjusting the propeller governor while watching the tachometers
until the engines are automatically held at 2200 R.P.M. This speed should be
held only long enough to adjust the governor setting; then reduce the engine
gspeed by backing off the throttle and land the airplane., It is not necessary
to change the governor setting to land, since the blades are already in the
"low pitch" (landing) position. The name-plate in the cockpit can then be
moved to colncide with the position of the pointers, and the cable stops then
moved up to limit cable travel beyond this point.

b. Propeller Installation

Important: Before installing or removing a propeller, release the
latches which gecure the cap assembly onto the brush housing and pull the

brushes out of the housing.
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Remove the four screws in face of power unit cover and remove the
cover.

Remove the six studs in the face of plate at front of power gear
agsembly and take the power unit from the hub.

Place the propeller on the engine shaft, aligning the splines to
match, rotate the blades to the proper direction, and align the marks on the
blade gear with the marks Inside the hub and push the propeller in place Dby

hand.

Tighten the crankshaft nut by hand as far as pogsible; then insert
a bar approximately 6 feet long and one inch in diameter through the holes in
the cap and tighten fully, being careful not to strain the nut excessively and

pull it out-of-round.

Fit the locking tube to the adapter so that the clevis pin holes
line up with the holes in the crank-shaft nut. Insert the clevis pin in place
(head toward center) and lock it with a cotter pin.

Replace the power unit and cover, securing the studs and ecrews
with lockwire, first making sure that the two 20° reference marks line up.

Replace the brush assembly in the housing. TFurther deteils on the
asgembly and maintenance of the propellers and controls are contained in the
Curtiss Installation and Maintenance Manual. For operating instructions see
paragraph P, Section II-A,

L. Starting System

The starting system of this airplane is operated either electrically
or manually; normsl starting being accomplished by means of two Eclipse M-2609
gtarter switches mounted on the right side of the pilot's instrument panel.
The gtarters are Eclipse Series 11 Inertia Type units mounted on the super-
charger housing rear cover. A complete description of thegse units is given in
the Eclipse Instruction Book which is included with the Miscellaneous Accessory

Bulletins.

In general, the electrical use of the starters is accomplished by
pushing in on the switch control handles on the pilot's panel to supply current
through the Eclipse M-2101 Starter Relays located in nacelles Jjunction boxes,
and thence to the starter. The starter switch should be held in this position
for about 20 seconds to allow the starter motor to obtain maximum speed. The
handle is then pulled outward from the panel cauging current to flow to the
Eclipse M-2L00-A-1 Meshing Solenoid on the starter which engages the starter
with the engine. A Delco-Eclipse AV-1101 Booster Coil provided in each starter
wiring system furnishes supplemental ignition sparks simultaneously with the
engagement of the starter clutch. The electrical circuit for this system is

gshown in the Wiring Diagram, Figure 67.

Warning. Start only one engine at a time. If both switches are
operated at the same time, the circuit will be overloaded and the 30-ampere
fuse that protects the gsystem will be blown out. When starting engines that
have been 1ldle overnight and at any time during extreme cold weather, the en-
gined should be turned over at least four revolutions by hand before engaging

the starter.
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In extreme cold weather it 1s advisable to use the hand-crank, or a
portable external Electric Starter attached to the manual cranking shaft, for
turning up the inertia system. This will insure against running the airplane
battery down by repeated unsuccessful attempts at starting.

lote: The Portable External Electric Starter may be purchased from
the Eclipse Aviation Corp., East Orange, New Jersey.

For manual operation of the starter, a hand-crank is supplied and is
always carried inside the rear section of the nacelle in the wheel well. When
using the hand-crank, the starter inertia flywheel is brought up to speed and
the mechanlc glven time to withdraw the crank before engaging the meshing
golenoid from tbe ccckplt

Complete instructions on the operation of the starter is given in the
Pilot's Instructions, Section IL-A.

M. Power Plant Maintenance

Complete instructions for the engines and accessories are contained in
the publications mentioned in the preceding paragraphs and in Appendix II of
this Maintenance Manual. Ths periudie inspection procedure 1s detailed in

Section BXIIL.

Lubricants for the engine, propellers and accessories are listed in
Appendix IV of this Manual or in the handbooks and bulletins covering the
accessgories. Spark plugs should be coated with "No-ox-Id" Grade D, which is
applied with a camelg hair brush., This compound ig manufactured by the Dearborn
Chemical Co., 310 South Michigan Ave., Chicago, Illinois. The coating should be
put on before installing the plugs and when they are stored.

Tt has been found the moisture condenses inside the plugs when they
gtand idle for lengthy periods particularly, in tropical climates. When this
happens, the plugs will not function properly until they are taken apart and
dried out in an oven. It is advisable to store spark plugs in air-tight con-
tainers to eliminate this trouble.

The above conditions of moisture condensation applies to other parts
of the engine equipment such as magnetos, voltage control panels, pumps, etc.
Moisture-proof storage of engine and airplane accessories is desirable as far

as posaible.

Periodic checks should be made of the engine and accessory installation
to ascertalin the security and proper functioning. Detail information is supplied
in the Wright Instructilon Manual and in the Miscellaneous Bulletlns furnished

with each airplane.
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SECTION XI
FUEL SYSTEM

A. Description

The fuel system diagram is shown in Fig. U6. A small diagram of the fuel system is
tached to the aside of the fuselage in the pilot's cockpit above the fuel cock controls.

Four fuel valve controls, shown in Fig. 4, are located at the left side of the pilot
cockpit in a position convenient for operation. The controls are identified by thelr name
plates., The fuel tank valves Nos. 1 and 2 are located in the bomb bay on the left side
are operated by their respective control handles through two bevel gear unitis and a torque
shaft. The engine selector and the cross-feed valves (Nos. 3 and 4) are located below the
valve control panel. Referring to Fig. 46, it should be noted that the reserve fuel supply
is contained in the left main tank, and when the gauge indicates about L0 gallons (151
liters) in this tank, valve No. 1 must be turned to another tank unless all other tanks
empty; if so, 1t should be turned to "Reserve On." Valve No. 2 is the auxillary valve,
when using the auxiliary fuel from elther rear tank, or bomb bay tank, valve No. 1 (the
maein tank valve) must be set to "auxiliary" position. Control valve No. 3 1s the engine
selector valve, with which the fuel supply to either or both engines may be shut off. No
1y this valve will be on "Both On." In case of fire in one nacelle the fuel to that engine
gshould be turned "Off." If either engine pump fails, the fuel valve No. 4, which is a cross-
feed shut-off valve that is normally off, should be turned to "On," thereby supplying both
engines from the one remaining pump. The cross-feed valve should be "On" during all take-
offs and landings, but should be turned "Off" after a safe altitude is reached, in order

that a failure of either fuel pump may be detected.

A pump handle is located forward on the valve panel and is used to operate the Type
D-6 combination Hand Pump, Strainer and Bypasse and Relief Valve which is located on the
left side below the valves. Thias fuel unit has a capacity of 425 gallons (1608 1i.) per
hour which is ample to maintaln fuel pressure if an engine driven pump should fail. If
the hand (wobble) pump is used in lieu of the single engine driven pump, the cross feed
valve should be turned "OFF" and the engine selector valve should be left at "BOTH ON."

The relief valve ia constructed with an integral check valve which permits the engine
driven pump to draw fuel through the strainer and around the Hand pump, thus eliminating

the pressure drop through the hand pump valves.

The strainer screen is easily removed for cleaning. The pump cover is doweled to pre-
vent misalignment of the rotor in reassembling the pump i1f it has been taken apart. The
relief valve is not adjustable. It is set to maintain fuel line pressure of 8 lbs./sqg. in
(3.62 kg./sq.cm.) to take care of line drop to the carburetor.

A drain cock is provided in the bottom of this fuel unit for cleaning out residue,
into a funnel below, which empties overboard through the side of the fuselage.

Two Pesco (Pump Engineering Service_company) engine driven fuel pumps, each having
a capacity of approximately 325 gallons (1230 liters) per hour, are used to pump the fuel
from the tanks, through two vapor separators in the lines, to the engines. The pumps are
located bebind the firewall, below the lower surface of the wing, and are remotely driven
by the engines by means of 90 bevel gears and flexible shafts. IKach pump is provided
with a sylphon-type pressure relief valve mounted on the pump body. The pressure of the
flow of fuel to the carburetor is governed by this valve which can be adjusted by means
of the knurled nut located on the valve housing. The pressure is increased by screwing

the nut down, or counter-clockwise.
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Bach engine should be adjusted separately under the following conditions:

1. Engine selector valve set to correspond to the fuel rellef valve being

adjusted.

2. Cross feed valve "OFF."

3. Operate engine at 1800-2000 r.p.m. Do not run longer than l% munutes
at thig speed. Keep the landing wheels securely blocked during this
check., Ag a further precaution lash down the tail.

L. A pressure of 3 to 4 lbs. per sg. in. (.21 to .28 kg./sq. em.) should

be maintained.

Because changes in altltude cause extreme changes in fuel temperature, the
fuel becomes saturated with non-combustible gases and vapors which affect engine
operation. To reduce the presence of these particles,a centrifuge type vapor
geparator 1s provided between the carburetor and the fuel pump for each engine.
These unitas are installed on the front spar in the nacelle as shown on the Supple-
ment Fuel System Drawing of the Vapor Separator Installation.

The vapor separator consists of a small tank assembly into which the fuel
is pumped through an offset intake port near the center. The fuel is forced in
a centrifugal motion through the tank leaving it at the bottom through an cut-
let port connected to the carburetor. The whirling movement of fuel in the tank
causes the air and vapors to separate from the fuel. The vapors rise to the top
of the tank passing through a perforated diaphragm which aids in separating the
vapors from the liquid fuel., The vapors escape under pressure through a small
diameter orifice provided in the top of the tank cover, and are carried in a i
0.D. x .032 copper tube, and pipe "Tee" connector, common to both separators, to
the vent line connectlon of the Left Main fuel tank. Silnce spproxlmately 3.00
gallons (11.34 11.) of liguid fuel are returned each hour from the separators
through the vent line, the Left Main tank will overflow if full,unless fuel
1s used from this tank first. Fuel 1s returned to this cank from the separators

in order to maintain the reserve supply in one tank until all fuel is consumed.

Tt ghould not be necessary to disassemble the vapor separators since there
are no moving parts to get out of order. The tank can be drained by removing the
plug provided in the bottom. The vent lines may be flushed out by disconnecting
at the main tank vent and removing the plug from the base of the separator tank,
then pump fuel or air through the lines.

A fuel pressure warning unit is provided for each engine to warn the pilot
of & drop in fuel pressure below a safe operating point of 2-3/4 1bs./sq. in.
(1.25 kg./sq. em.). The warning signals consist of two red lamps located on the
auxiliary instrument panel beside the fuel gauge. The lamp circuits are energized

by the ignition switch.

The warning unit is installed on the bracket which supports the vapor separa-
tor. See Figure U3A. A 1/L inch fuel line is connected between the bottom of the
vapor separator, and the warning unit as shown in Figure L6,

Maintenance and adjustment of the fuel warning unit are described on the
Pioneer Instruction sheet for this accessory. See list of Accessory Bulletins in

Appendix IT.
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B. TFuel Tanks - Wings

The normal fuel load is carried in four tanks installed in the wing center sec
tion. The total fuel capacity of these tanks is 516 gallons (1953 liters). The le
and right forward tacks are designated Main Tanks, and have a capacity of 113 gallo
(428 liters) each. A reserve supply of LO gallons (151 liters) is carried in the
left front tank and is sufficient for approximately 20 minutes flight. The rear wi
tanks are designated Auxiliary Tanks, and have a capacity of 145 gallons (549 liter
sach. The fuel from any tank can be selected and shunted to either engine through
the tank and engine selector valves. See Figure 46.

The fuel tanks are strapped in padded cradles permanently constructed into the
top of the wings, the atraps passing under the tanks and being Joined with turn-
buckles. The installations in the right wing are shown in Figure L7.

The tanks are of Martin Type riveted construction, made of aluminum alloy with
baffles provided to decrease the surge of fuel. The baffles and end plates are
riveted to the shell with a special sealing compound between the faying surfaces.

A detachable sump iz provided in the bottom of each tank at the low side when
the airplane is resting on the ground. The shape of the tank is such that the sump
will also be at the low side in level flight. Drain cocks are provided in the bot-
tom of each sump so that accumulated dirt and water can be drained off. These
drains are reached through an sccess hole provided in the lower wing skin below eac:
unit, When draining sediment from the tanks, the one-inch plug of the drain cock
may be unscrewed from the tank to remove large particles that may have entered
through the filler unit. For daily draining of water, the drain cock 1is used with-
out removing the plug. A coarse mesh strainer 1s provided in each tank outlet 1line
and these may be removed by taking out the screws that secure the flanged fitting
to the tank sump. Be sure that these fittings are properly secured with safety
wire when they are replaced and closed. FEach tank is vented to the outboard end of
the tank, and then aft to the rear wing spar, and drains below the wing. The vent
line is formed with a "goose neck" which prevents fuel from flowing out during

mansuvers. (See Figure 46.)

An electric type Liguidometer Fuel Gauge is used in each tank with an indica-
tor gauge 1installed in the pilot's cockpit. This system is equipped with a voltage
compensator, stroke adjustment box, electrical leads, and a five-point selector
gwitch which is located in the cockpit. The indicator gives a reading for the
amount of fuel in any one of the four wing tanks and the auxiliary bomb bay tank
when used. The indicator readings in each case must be converted in accordance
with the conversion chart mounted on the fuel guantity panel. AdJustment of this

aystem is described in Paragraph H.

C. Removal of Wing Tanks

Should it be necessary to remove a fuel tank, the procedure is as follows:

1. Jack up the engine so as to take most of the welght of the engine off the
mount. The reason for thils 1s that the holes for the screws securing the tank cover
to the wing were drilled without the engine in place; and when the engine is mounteé
and the tank cover removed the center section deforms slightly, throwing the holes i
the cover out of place. Since the tank door forms a part of the wing structure, the
unaupported weight of the engine should not be allowed to be taken by the wing when

the covers are off.
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2., Remove tank doors.

3. Disconnect vent line fittings at filler cap. Disconnect liquid-
ometer gauge unit at the tank and also the fuel lines at the sump and in the
fuselage. Disconnect bonding connections.

L. Open the straps and loosen the end brackets.

Care in cleaning fael tanks and the fuel system 1s particularly nec-
eg3ary since a formation of aluminum hydroxide may occur upon condensation of
atmospheric moisture in the tanks. Special care should be taken ir cleaning
tanks withdrawn from storage. All strainers should be cleared as often as
necessary as indicated in service, and the fuel lines should be flushed by
permitting a small amount of fuel to flow through them

NOTE: The four fuel tanks have riveted seams that are filled with
a sealing compound. Due to this construction, these tanks
ghould not be cleared with steam as this will loosen the
sealing compourd and may cause the tanks to leak.

D. Auxiliary Bomb Bay Tanks

Provisions are made in the bomb bay for the installation of either a
356-gallon (1347 liters) fuel tank or a 250-gallon (946 liters) tank. Instal-
lation equipment is provided for only one type tarnk as required. The 356-
gallon tank is rigidly supported in the bomb baey so that the cradles must be
disassembled to remove it. The 250-gallon tank is hung on the bomb ra~ks
and can be dropped from the airplane in an emergency.

If the auxiliary fuel tank is to be installed in the bomb bay, it is
neces3ary to remove the front pulley hanger extending across the top of the
bomb bay. The hanger is supported at the center by a yoke which is irserted
through the corrugations at the top of the bomb bay and bolted to the structure
channel provided. It is necessary to remove the pilot's seat to accomplish
this operation The ends of the hanger are bolted tc the two side pulley
brackets above each bomb rack. These end brackets are not removed.

E. 356-Gallon Tank (Optional Special Equipment)

1. Description

The %56-gallori Bomb Bay Auxiliary Fuel Tank is equipped with a fuel
dump valve located in the bottom rear of the tank. TFuel can be dumped from
the tank in an emergency by pulling on the Emergency Bomb Release cable which
is extended through the bomb bay and connected to the dump valve releasing

cam. (See Fagure 40A.)

The valve mechanism operates internally into the tank, being lifted
by the cam at the bottom. When operated, the cam is rotatsd until the radius
end snaps inmto a groove machined in the surface of the valve, thus locking it
open. The additional leg provided on the cam stops against the valve seat to
limit the rotation of the cam and to keep the valve fully open.

The dump valve mechanism congiats of a spring-loaded valve which 1s
supported inside the tank by a cast aluminum hanger. A fiber bushing suspended
in the top of the hanger provides a bearing for the valve stem and alsoc serves
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to maintair the spring in position. The fuel retaining valve is fitted

with a synthetic rubber seal recessed into the periphery of the seat and
cemented with Thickol No. G-18 synthetic rubber cement. This cement is

manufactured by the Thiokol Corporation, Yardville, New Jersey.

The dump outlet 1s provided with a flanged cast aluminum valve seat
to which the lega of the hanger are gecured with fillister-head screws and
fiber locking nuts. A Vellumoid gasket with a diameter equal to the valve
seat flange 1s provided between the hanger and the flange. The valve and
spring are assembled with the hanger before the hanger is bolted to the flange.
Bakelite Varnish is used when installing the Vellumoid gasket with the valve
agsembly in the tank. The assembly is secured in place with filllister-head
screws which are safetied with lockwire.

2. Installation of 356-Gallon Bomb Bay Tank

a. Before proceeding with the installation make sure that the support-
ing brackets are bolted in place on the front and rear apars. Inatall the
front and rear tank strap hangers on the brackets located on the sides of the
fuselage above the longerons. See the Installation Drawing for the 356-Gallon

Tank.

b. Hoist the tail so that the airplane is approximately level. Open
the bomb doors as far as possible, slide the tank under the airplane, and turn
it to an upright position. Before hoisting the tank into place, plug in the
Liquidometer gauge cable, turn the selector switch in the cockpit to "Bomb Bay"
and check the indicator gauge dial. If it does not read "Empty" when the gauge
float is in the bottom of the tank, remove the cover from the Liquidometer
gtroke adjustment box located on the left side of the airplane at the forward
end of the bomb bay and adjust the pointer travel by turning the screw marked
"T" on the R+ side either to the right or left until the pointer indicates
"Empty." If sufficlent adjustment cannot be obtained in this manner, it will
be necessary to remove the cover from the unit on top of the tank, loosen the
rheostat position clamps, and turn the rheostat in the required direction.
Tighten the clamps when the correct position has been established. Note: This
should be done whenever the tank is installed.

.c. Lift the tank into position. Make sure’ that the felt pads are in
the proper position. See that the filler and vent line hose connections located
on top of the wing behind the pilot's seat slide together properly. Assemble
the two tanks straps under the tank. Install the fuel line from the tank sump
to the rear fuel valve in the left side of the bomb bay compartment.

d. Install the rubber apron as shown in Fig. 49A. This apron protects
the radio operator and rear gunner from the spray thrown back as the fuel is

dumped 1in an emergency.

e. Attach the dump valve release cable to the dump valve fitting. BSee
the Installation Drawing. '

f. When filling the tank, do not insert the filling hose nozzle more
than approximately two inches into the filler line. There 13 a sharp bend in
the line just below the top and spillage occurs if the nozzle is pushed down

to this point.

When remo—ing the bomb pay fuel tank the Liguidometer gauge electric
cable must be taped to the conduit leading into the Type A-3 light located in
the upper rear left gide of the bomb bay. Remove the tank support straps and
replace the access doors in the cover over the cable turnbuckles at the rear
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right side of the fuselage.

The following wording appears on an instruction plate located on the
front bulkhead in the bomb bay to the left of the bomb door retracting screw
if the 356-gallon auxiliary fuel tank is provided for.

"Warning: When removing the bomb bay tank, disconnect the dump valve
cable at the link near the tank sump and pull the cable
through the frame. Insert cable under spring clip located
on other side of this frame and name plate. Pull the
emergency bomb release to check that cable does not pre-
vent its operation before installing bombs."

F. 250-Gallon Tank {Optional Special Equipment)

This auxiliary fuel tank i3 installed in the bomb bay between two end
braces similar to those used for the 356-gallon tank. The bottom support con-
sists of a wide two-piece padded cradle strap which i1s bolted together along
the bottom center of the tank. The outer ends of the strap cradle are attached
to a Bomb Release Shackle installed on station No. 2 on the right-hand rack
and station No. 3 on the left-hand rack. The bomb rack emergency release con-
trols are used to drop this tank from the airplane if necessary. A description
of the emergency release system 1s given in paragraph G-2, Section XV,

The fuel supply line from the tank sump is equipped with a special
releasable union which permits dropping the fuel tank without destruction to
the entire fuel line. This unit is shown in the insert, Figure LOB. After the
fuel tank has been installed, the fuel supply line is connected at the union by
ingerting the lower fitting into the upper, then moving the saddle support
bracket in place where it is secured by turning the knurled nut down against the
wagher beneath it. The two cams provided (on the legs of the support saddle)
seat in grooves machined in the bottom surface of the washer thus locking the
gaddle against the union when the nut is turned down. Continued turning of the
nut draws the lower half of the union up against a rubber seat and seals the
Joint against leskage. The nut and washer are locked together with safety wire
which should be removed and the nut backed off when the tank is taken out of

the alrplane.

The support saddle assembly is equipped with a yoke to which the union-
releasing cable is conrected and attached to a free sgliding link installed on
the bomb door split nut closing cable (See Figure 65). If these cables are re-
placed, care must be taken to provide the proper lengths, and to set the clamps
on the cables so that the emergency release system will function properly as

follows:

1, Initial pull of pilot's or radio operator's emergency release handle

-

opens bomb doors.

2. Continued pull releases union in fuel line.
3. Final pull trips bomb racks and drops fuel tank.

To accomplish this the split nut closing cable is equipped in the bomb
bay with two clamps installed on the cable approximately 13 inches apart. A
light tension spring iz installed between the clamps drawing them together and
putting slack in the cable. The loose link provided for attaching the cable
to the union release yoke is installed on the nut closing cable forward of the
front spring clamp. This clamp must be located so that the union support saddle
will be tripped immediately after the bomb doors are opened. Enough glack is
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left between the clamps to permit the continued pull on the emergency release
controls and the subsequent tripping of the bomb shackles.

G. Installation of the 250-Gallon Tank

1. Before proceeding with the inatallation make sure that the support-
ing brackets are bolted in place on the front and rear spars. These brackets
are removable and are sometimes taken out when the airplane is used for bombing

missgions.

2. See that the fuel line from the valve to the releasable union is
intact and that the releasable unlon 1s assembled in accordance with the
instructions given on the metal warning plate installed near the union.

5. Latch each half of the tank strap to the rear hook of a bomb shackle.

. L. Cock staticn 3 on the left hand bomb rack and station 2 on the right
hand rack. -

5. Attach the shackles to the cocked stations on the racks. (Hook the
short strap to the right-hand rack.)

6. Check the rlease mechanism by slowly pulling the emergency release
in the pilot's cockpit. The system should function according to the following

gchedule:
a. Bomb bay dours drop open.
b. The releasable fuel line union opens.
¢. The tank straps drop from the shackles.

If the above order 1s not obtained, adjust the position of the latch
arm that operates the union by moving the clamp block on the release cable.

T. Hoist the tail of the airplane to an approximately level position.
With the bomb bay doors open as far as possible, slide the tank under the air-
plane and turn it to an upright position. Before hoisting the tank into place,
plug in the Liquidometer gauge cable, turn the selector switch in the cockpit
to "Bomb Bay" and check the indicator gauge dial. If it does not read "Empty"
when the gauge float is in the bottom of the tank, remove the cover from the
Liquidometer stroke adjustment box located on the left side of the airplane at
the forward end of the bomb bay and adjust the pointer travel by turning the
screw marked "7" on the R+ 3ide either to the right or left until the pointer
indicates "Empty." If sufficient adjustment cannot be obtained in this manner,
it will be necessary to remove the cover from the unit on top of the tank,
loosen the rheostat position clamps, and turn the rheostat in the required
direction. Tighten clamps when correct position has been established. Note:
This should be done whenever the tank is installed. :

8. Lift the tank into position. Make sure that the felt pads are in
the proper position. See that the filler and vent line hose connections located
on top of the wing behind the pilot's seat slide together properly. Important:
Do not install a hose clamp on the lower side of these connections. Assemble
the two halves of the supporting strap under the tank (Refer to G.L.M, Installa-
tion Drawing of the 250-Gallon Tank). Install the fuel line from the tank sump

to the releasable union.
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S. The tank installation 1s now complete and the tank may be filled.
Do not insert the filling hose nozzle more than approximately two inches into
the filler line. There iz a sharp bend in the line just below the top and
spillage occurs if the nozzle is pushed down to this point.

H., Adjustment of Wing Tank Liguldometer Unit

When installing a new wing tank or a new gauge unit in a wing tank,
proceed as follows:

1. Place gasket on tank flange.

2. Insert a looped string through the eye in the flat arm and out
through the opening provided in the top of the tank, so that the float can
be moved up and down when setting the stroke (See Figure 45).

3. Slip the float through the tank opening and fasten down the tank
unit with five special screws and copper asbestos gaskets as shown on Fig. U45.
These screws must be drawn up tight before locking.

L. Move the float up and down by pulling and releasing the stroke
getting string. If the rheostat shoe does not stop at equal distances from
the ends of the rheostat winding, loosen the rheostat position clamps (See
Fig, 45) and turn rheostat assembly in required direction. Tighten clamps
when correct position has been established.

5. Figure L5 pertains to the adjustment of the Liquidometer Electric
Tank Quantity Gauge only and should not be confused with the Liquidometer
Stroke Adjustment Box which is used for calibrating the various tank units.
The method for calibration is outlined in the following paragraphs:

a. The Stroke Adjustment Box is located in the left side of the
airplane at the forward end of the bomb bay and is connected to the Tank Gauge
by means of the electric cable shown in Figure 45. The electrical connections
at the opposite end of the cable are shown on the left side of the Simplified
Wiring Diagram (Figure 67) and indicated by the sub-title "Tank Units, Fuel

Quantity."

b. After making the adjustments described in paragraphs 1 through
L, complete the electrical connections as shown in Figure L5,

c¢. Turn the cockpit selector gwitch to indicate the tank unit being
installed and check the movement of the gauge pointer when the tank float is
regting on the bottom. If the indicator does not read "Empty", turn the proper
adjusting screw in the "Stroke Adjusting Box" marked with the corresponding
tank number (on the "R+" side of the terminal block) in either direction until

the gauge reads "Empty." The fuel tank numbers are shown in Figure L48, indicated
as numbers 1, 2, 3, 4 and 7. The terminals in the Stroke Adjustment Box marked

number 5 and number 6 are not used. The tank float must rest in a horizontal
position on the tank bottom to make the foregoing adjustment. Repeat the opera-
tion with the float drawn to the top of the tank by the stroke setting string
(Fig. 45), indicating the "Full" position. In this case adjust the screw on
the "R-" side of the block.

Caution: When pulling the float to the top of the tank with the stroke-
getting string, do it gently so as not to spring the float
arm. Bear in mind that it is the fuel that will support the
float when the gauge is in service.
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I. Re-fueling Pump

Wherever the usual facilities for refueling the airplane are not
available, the fuel tanks may be filled by means of a Hand Refueling Pump
located on the left gide of the fuselage below the pilot's cockpit. The
handle is reached through the bomber's emergency exit door in the bottom
of the fuselage. Suitable lengths of hose, equipped with the proper fittings,
are necessary to be used with this pump.

J. Repair of Riveted Fuel Tanks

Method for repalring riveted seams of fuel tanks 1is described
on Page 5 of Appendix I. The compounds used for this purpose are glven

in Appendix IV.



PAGE 1105

HE A
/2-2R-5F

— RHEOSTAT SHOE

RHEOSTAT

SPECIAL SCREWS FOR
Ll \ AT TACHING_UNIT 7O TANK

FLANGE - COPPER ASEESTOS
GASKET MUST BE USED UNDER
SCREW HEAD

STROKE SETTING
OPENING FOR STRING

STRING

< GAGE COVER PLATE

—
SPECIAL — LOCKWIRE HOLE
SCREW
~—GAGE UNIT

TANK SHELL
TANK FLANGE

COPPER ASBESTOS GASKET

e
ARRBRI R

S SECTION A-A
TANK END UNIT 0T
FIGURE 45 MODEL 139-W

LIQUIDOMETER GAUGE ADJUSTMENT DIAGRAM




FUEL. GALGE

AL H-BTS-E 38"LONG

FILLER
e — EIE'IT MAIN TAMK-GAR- 13 LS, GAL, (92T LITERS)
CARBURETOR = —————= Lt\'m REENS
ENGINE DRIVEN FUEL P BRAN, FILL
DRIVE COUPLING A.C.30-166-1 = ?:IK‘I' BUIK TANE- w-msu.s GALS. (749 LITERS)

90 GEAR DRIVE

AL TAMK VENTS 3/4 0.0. X O35 ALUM.ALLDY (52
PRMER JINES 178 0.0.X 025 COPFER TUBING

(ES 2

—_ TS, GALS. 76
ac-32-0-3ak '-!"H*‘"N TANK-TOTAL. GAF.- 118 u&msim-mmm 40US GALS. {l!r u‘TtHs:
OUTLET SCREENS
LEFT AUX. TANK- AR 195115, BALS. (427 LITERS)
|—‘hm( VENTS

NOTE. Ll FUEL LINES ARE 5/8 0.0.X. DWM.LII!N.LO" [32 5.0) EXCEPT AS NOTED
AL T 00

LINE TO BOME BAY TANK

| [m— —=|ARROWS IMDICATE DIRECTION OF FLOW
" SRUARE ARCUND TUBING | == | INDIGATES HOSE GOMEGTIONS WITH AM LINER

PRESSURE GAUGE LINES |52 0.D. X .032 COPPER TUBING

FIGURE 46 MODEL 138-WH3 FUEL SYSTEM DIAGRAM

= ‘ VAIVE CONTROLS

/ A o= e
(s = = o - ) / .-—”””’J%! TEEms Smmane
L L9 74 £S5 7 i 5
| f il
it \_h 2 | it
kll R . LA —
.\. FUEL PUMP DRAIN P S =2
\ CARBURETOR ORAIN - = -
\\ n\/
3 .
| i )
3 | | z : 3 =
| —_— : h“““-—-—-q___q_‘_ A, S5 AN LINE TO PRIMER
|'I{ | glz_f;ﬂ!lc FEL{\IEI'I'EMUGE B / - o i ' FUEL PRESSURE GAUGE
{ CTOR __I
|I 1 DUAL Et&?ﬁ“ﬂ?&‘?ﬁ mm:il P B Dﬁ.REI.IEENH
| | HAND P .
y J FUEL | b aux seLEcToR vaLvE == CARBURETOR DRAN
] POSTED IN AIRI’LQNE |_ 4 £
3 .- L esserorn: rressune cavee & TAMK SELEGTOR VALVE % ENGJRE - DRIVEN FUEL PUMP
/’ saca L CROSS FEED VALVE i GOUFLING-A L. 3i- 1986
6 ENGINE SELECTOR VALWE = 32-D-338k
? S0° GEAR DRINE / r | h, ; URETOR  DRAR
{ 90° GEAR DRINVE 1 L ¢ wapor L FUET PUME, _ORAN
| FUEL UNIT TYPE O - fi
! UNFTED ‘,"?.f’”ﬁlp'“w' e SEPARRrON A S8 G
A FUEL OVER:
‘\ et e ALUM.ALLOY TUBE {52 50, Eas T
N ora s I"00.%.048 : I /Z, EALE
‘ = e /
e
__\_‘_‘—\—\_\_\_\_‘_ a-—'_'-‘d_'-f
e - —

it 394




u e

SLACK TAKE-UP ASSY. - j
L AND GEAR RETC.CABLE

END BRAGE ASSY, -
FUEL TANK

FUEL STRAINERE

B DRAIN COCK =i

127070
738

L0l1l 39vd

FIGURE 47 WING FUEL TANKS



| st

RH AUX. FUEL TANK
GAGE UNIT- C-10254I
R.M. MAIN FUEL TANK
GAGE UNIT C-iD2542

P —

TUNG- SOL VOLTAGE
COMPENSATER —

(LIQUIDOMETER EA - 40B)
FUSE PANEL D-i25880—
PILOTS INST. PANEL

ILOT AUX._IE‘A!NS%_
{ L'REA-&DB

SWITCH

TEREA-40B) J
FUEL QUANTITY STROKE ADJUSTER (LIQUIDOMETEREA-40B)

UANTITY

L. H. AUX.FUEL TANK

GAGE UNIT G-l102542
L.H. MAIN FUEL TANK

GAGE UNIT.
BOMB BAY AUX. FUEL TANK

GAGE UNIT (LIQUIDOMETER EA-1400-|
JUNCTION PANE
B'IZ‘ITA:B/‘; _El_

MODEL.

ELECTRICAL

QUANTITY

gl 7

FiI&. 48

139 WH3

FUEL
DIAGRAM

8011 39vd




PAGE 1111
i

TANK RELEASABLE UNION
(ALSO SEE FIGURE 56)

s,

B WOUMP WITH DRAIN PLUG
- AND STRAINER

P

FIGURE 49 250 GALLON AUXILIARY FUEL TANK IN BOMB BAY A



PAGE 12

INSERT- FUEL DUMP VALVE - SHOWING TH
EXTERNAL AND INTERNAL MECHANISM

FIGURE 49-A 356 GALLON AUXILIARY FUEL TANK IN BOMB BAY




o Model 1%9-W
A-B-C Page No. 1200

SECTION XI1

OIL SYSTEM

A, Deacription

A self-explanatory layout of the oil system 1s shown diagrammatically
in Fig.50.

B Tanks

The o0il tanks are of riveted aluminum alloy construction and have a
capacity of 31.5 gallons (119 liters) each, plus an expansion space of 3
gallons (11.3 liters). They are carried behind the front wing beam in each
nacelle as shown in Fig., 51. The tanks may be installed or removed through
the wheel well opening in the bottom of the wing. The filler may be reached
through a door in the top of the wing nacelle cowling. Provision has been
made for a screw-in type electric heater.

Note: These oil tanks have riveted seams that are filled with a
gealing compound. Due to this construction, these tanks
should not be cleaned with ateam as this will loosen the
gealing compound and cause the tanks to leak.¥

The procedure for removing a tank is as follows:

1. Drain tank.

2. Disconnect outlet line at lower surface of wing and remove fittings
from tank.

5. Disconnect o0il vent and oil return through door in upper fixed
cowl section on top of the wing and remove the fittings from the tank.

I, Remove the filler from the tank.

5. Disconnect the tank straps and remove the tank through the landing
gear wheel well opening in the lower surface of the wing.

(0 Oil_Coolers

The oil coolers, (manufactured by the United Aircraft Products Corp.
of Dayton, Ohio) are located in the leading edge of the center wing inboard of
the engine nacelles. They are accezsible through the doors on the under sur-
face of the leading edge directly under the coolers. After the oil lines are
disconnected, the units may be removed by taeking out the bolts that secure the
metal straps around the cooler. Each cooler is provided with a by-pass relief
valve. This valve is set at the factory to pass cold oil through the Jacket
surrounding the cooler core when the oil temperature is 359C or leas. As the
temperature rises, more oil is allowed to flow through the core proper until,
at a temperature of 75°C. all of the oil flows through the core and none through
the jacket. This valve is automatic in operation and normally requires no
maintenance. This valve is thermostatically controlled and is not the spring-

loaded pressure-controlled type.

*See Appendix I, page 5, and Appendix IV for repair of tank geamg.
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There are three oil by-pass valves in the system; the one described
above, one at the oil pump to regulate the oll pressure, and one in the Cuno
0il Strainer lcocated on the engine which by-passes the oil if the strainer

becomes clogged.

An oil thermometer well 1s located in the line from the oil tark to
the engine to indicate the temperature of the oil entering the engine.

D. Maintenance

1. 0il Temperature Regulators

(For instructions see United Aircraft Product Instruction Sheet.)

2. Inspection

Make daily inspection of all accessible lines for evidence of leaks;
tanks and oil coolera for zecurity of mounting. ’

Inspect oil system every 20 hours for breaks in lines, security of
anchorage leaks at connections and clean drains. Inspect hose connections and
replace if signs of deterioration are detected.

See Sectlon XXIIT for additional inspection.

E. Cold Weather Precautions

If the airplane is kept out of doors or in an unheated hangar during
extreme cold weather, considerable time can be saved by draining the oil from
the tanks as soon as operations for the day are concluded and before the oil
has cooled off. Otherwise the oil may become so thick as to require considera-
ble time to drain, particularly if left over night. In extreme cold weather
the o0il lines to and from the tanks may be insulated by wrapping them with a
layer of asbestos cord, then shellacing and wrapping them with friction tape.
Higher oil temperatures will then result at cruising speed and will decrease
the danger of stoppage due to congealed oil.

F. 0il Immersion Heater (Optional Special Equipment).

The electric screw-in type Heater used for warming the engine oil to
facilitate starting the engines in cold weather, is inatalled in each oil tank
near the bottom. It may be reached through the wheel well. a 13" 0.D, x 1&"
I.D. copper-asbestos gasket (AN-900-33) is used under the heater flange when
it 1s installed, and should be renewed when it appears worn or excessively

flattened.

The current is supplied through a slip-on plug connector from an
outside source. The voltage required is stamped on the inner end of the heater

unit. The wattage is 300.

IMPORTANT: As this type of heater provides very concentrated heat, it
should never be left connected for any length of time when the element is not
completely immersed in oil. If left operating in an empty tank or in a low
level of oil, the heat will not be dissipated fast enough and the heater may

burn out.

Note: This heater is made by the Edwin L. Wiegand Co., Pittsburgh, Pa.
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SECTION XITI

FUSELAGE EQUIPMENT

The equipment inatallsations listed below are described and illus-
trated ic sep-rute sections as follows: Inatrument Installation--Section
XXI; Electricul Eguipment--Section XIX; and Radio Equipment--Section XX.

A, Life Preserver Cushions

One ije A-3 pilot's back cushion and three Type A-1 seat cushions
are furnished and installed. Each 13 capable of sustaining one man in water.

B. Relief Stations

Three relief stations are installed, one in the pilot's cockpit,
one in the front gunner's cockpit, and one in the radio compartment. The -
two forward stations are mounted on the right side of the fuselage. The
rubber tubing from each station is comnected to a "Tee" from which =
gingle tube leads to the .suction venturi, mounted on the right side of the
fuselage. The tube from the rear station is conmected to a suction venturi
mounted on the left side of the fuselage, beneath the wing trailing edge.
This station 1is accessible to both the radio operator and the rear gunner.

C. Bafety Belts

Seat type belts, Type B-10 ard B-6 reapectively, are provided for
the pilot and rear gunner. The rear gunner, in addition, is provided with
a single anchorage waist belt, Type A-3, to permit freedom of movement when
he is engaged in gunnery operations. The front gunner is also provided with

a Type A-3 belt.

D, Flight Report Holder

A Type A-2 flight report case is inatalied on top of the fuselage
in the rear section of the pilot's enclosure. A map case 13 provided on the
right side of the fuselage below the flap control handle. A canvas bag is
ingtalied on the left side of the fuselsge above the emergency exit door in

the bomber's compartment.

E, Pilot's Seat

A hinged bottom is incorporated in the pllot'a seat to enuble him
to change places with other members of the crew. The seat 18 unlatched by
operating the handle which is located on the bottom side near the front edge
after the pilot has removed his weight from the seat. As a precaution againat
the inadvertert release of the seat, a 1/3%2' galvanized iron safety wire is
wrapped around the operating handle and the adjacent locking rod. The seat
may be raised and lowered as desired by operating the lever located on the
right aide of the seat. It is necessary to apply a slight pressure of the
body to the seat when adjusting the height,

F. Fire BExtinguishers - Hand

Two Aircraft Type "Pyrene" fire extinguishers are inastalled 1in
gpring clip brackets in the fuselage. One fire extinguisher 1s located to
the right and aft of the pilot's seat on the top surface of the center wing
section, and 1s accessible to the pilot's free hand. The other fire
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extinguisher is mousted irn the front of the rear gunner's cockpit on the
left side, aund i3 uaccessible both from inside and outside the airplarne
although it is firat zecessury to oper the s8liding gunner's enclosure in
order to reach this extinguisher from the outside.

G. Fire Extinguishing System-Pressure(Optional Special Equipment )

The separate "Lux" fire extinguishing system installed in each
engire nacelle consists of the following major units: two high preasure
gteel supply cylinders for 002 gag8 and two gpring actuated cutter valves
for releasing the gas, a piping system installed around egch engine for con-
ducting the gaa; and a control handle and cable system for manual operation

of each cutter wvalve.

The supply cylinders are retained by means of padded clamp type
brackets under the wings in the wheel wells. 8See Fig. 32, It 13 necessary
that the left side of the nacelle fairing aft of the front spar be removed
to inspect and service the cylinders.

The gas supply tubing is clamped to the engine supports and is
shaped around the rear of the engine with one tube terminating in the car-
buretor air intske., This tubing is perforated throughout its length in the
nacelle to allow an even distribution of the gas in the engine compartment.
It is essential that the tubing be kept secure and that the perforations
remain unobstructed.

The release valvea are operated by means of two pull handles lo-
cated in the pilot's cockpit, one in each side of the fuselage. They are
painted bright red to be readily visible to the pilot. The control handle
is connected to the control cable which runs through the cable tubing along
the front spar of the wings to the release lever on the cylinder. "Lux"
adjustable corner pulleys are used at all bends in the cables to minimize
friction and to eliminate possible cable failure.

Detail operating and maintenance instructions are contained in the
"Instruction Book for Lux Systems" accompanying this Handbook. (See Appendix
IT.) These instructions should be rigidly adhered to in maintaining this
system, In addition, the 40 hour inspection period should provide for a
thorough inspection of the entire control system to ascertain the security
of all parts, cleanliness of the expellant tubes and the condition of the
gas supply. When re-installing the supply cylinders, be sure that the felt
padding in the clamp brackets and between the wing skin and cylinder are in

good condition az well as secure.

H. Life Rafts(Optional Special Equipment )

A five man "Inflatex" collapsible rubber boat, complete with 2 oars,
hand pump, two CO, bottles, rope, and packing case is stowed in the top of
the fuselage aft of the rear gunner's cockpit above the floor gun.

The boat consists of a strong, tough, waterproof duck casing en-
closing large, seamless dipped latex bladders that are removable and re-
placeable. The bladders are anchored to the casing at several points to
insure correct inflation. They are about the same size as the casing and
are under no strain when inflated to the casing zize.
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The two gus cylirders are connected to nipples provided in the ,boat,
ore ripple for each side of the boat as shown in Fig. 53. The hand pump is
used to maintaisn the pressure in the raft for an extended period. The gas
cylirders should be checked by weighing every 6 months and should egual the
values stenciled on each bottle.

Stowage facilities in the alrplace conaiat of tye adjustable straps
equipped with guick relesase buckles providing ready release of the life rsft.
The stowage provisions are shown in Figure 5Z2.

I. Oxygen Equipment

Complete provisions have been made in the airplane for two instal-
lations of Siebe, Gorman & Co., Mark VIL, Hand-controlled gaseous type
oxygen breathing apparatus as shown on drawings Listed in Appendix IIT
A gchematic layout showing the method of assembling the necessary components
a8 used by the pilot and front gunner-bomber i3 shown in Figure 54 . The
rear position enuinment comprises a similar izat:1lation. Figure 55 shows
the equipment as it is ingtalled in the airplane.

The oxygen is supplied from two sets of intercommected "Vibrac",
gpecial alioy steel cylinders of 750 liter capacity each. The forward
cylinders are clamped in a bracket located at the lower left side of the
fuselage below the pilot. Two universal torgque shafts having a friction
clamp at the lower end for attaching to the cylinder valves provide remote
control to each bottle from two handles Instsllied on the flour section aft
of the left rudder pedal. The rear cylinders are clamped in two brackets
located on the left side of the fuselage below the co-pilot's rudder pedal.
The valves for these cylinders are opersated directly. A system of high
pregaure copper tubes and fittings cormnect the cylinders to electric
heaters, one to be located on the right side of the fuselage opposite the
pllot, and one to be located on the left side of the fuselage above the
rear cylinders and close to the co-pilot. The heaters are provided to pre-
vent freezing of the oxygen at high altitudes. They are euch operated by
means of a Cutler Hammer toggle switch Type 820K1l, installed adjacent to
the heaters. Wiring cornectlons for the hesters are made in accordance
with the electrical wiring drawing (App.IIL). The auxiliary switches should
be kept in the "off" position except when the heaters are in use.

Provision iz made for mounting a4 high pressure supply gaige be-
tween the cylinders and the heater. A supply control valve 13 to be mounted
directly above the heater in each case. Low pressure aluminum tubes are in-
stalled in the airplane to be connected from the control valves to the gquick
release bayonet unions where the mask hose cornections are made. The bayonet
unions are located at the left of the fuselage in each case as follows: In
the bomber's compartment opposite the forward gun; in the cockpit on the
rudder support tube in front of the pilot; on the side of the fuselage
opposite the rudio operator; =nd on the side of the fuselage opposite the

commnander's atstion.

Provisions for mounting a low preasure gauge or flowmeter adjacent
to each bayonet union are made. The flowmeter indicates the flow of oxygen
in terms of altitude; it 13 graduated in thousands of kilometers.

IMPORTANT : THE USE OF ANY KIND OF OILY COMPOUND OR FLUID WHEN
MAKING CONNECTIONS OR FOR TESTING THE EQUIPMENT IS POSITIVELY FORBIDDEN

A3 AN EXPLOSION MAY RESULT.
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Maintenance of the equipment consists chiefly of keeping the bayonet unions and
connector fittings cleaned, especlally of 0il and grease. When changing the supply
cylinders, inspect the flared ends of the connector unlons to see that they are not
excessively worn. Tests for leaks may be made by opening the valve on the supply
cylinders to produce a pressure at the gauge. A drop in pressure at the gaugse
after closing the valve is an indication of a leak in the system. This may be rem-
edied by drawing up the nuts of the connector fittings starting at the cylinders.
Tightening should be guarded against and the tube replaced if a leak is persistant.

Oxygen lines are i1dentified by the green bands painted on them.

Additional information on the operation and malntenance of this equipment may
be obtained from the Siebe, Gorman & Co., Ltd., London, England.

J. DBomber's Ladder

Pagsage to and from the bomber's compartment ig had by means of a folding combin-
ation ladder and floor grate which is hinged to brackets at the aft end of the entrance
door. When the ladder is folded together, it can be secured in a horizontal position
above the door by means of latches at the end of the side braces. A walkway is thus
provided from the bomber's to the pilot's compartment. Important: Do not step on
the doors as they will not support a heavy weight. When the bomber's compartment is
occupied during flight, the ladder should be folded up and stowed against the bulk-
head curtain., 4 spring clip fastener is provided to hold it in this position. This
will permit an unobstructed exit In an emergency.

K. Bomber's Seat

A fold-up type seat is installed in the nose with two legs hinged to the floor
at the left glde of the fuselage. The other legs are secured to channels on the floor
go that the seat can be extended out for use during bombing operations.

L. Ventilator - Pilot's Cockpit

Outside alr can be taken into the front cockpit through a scoop type ventilator
provided in the right side of the fuselage above the landing gear handcrank. The
gcoop is hinged to roll outward into the air stream. A latch is provided with which

the scoop can be locked Iin various open positions.

M. Message Carrier

Communications, maps, flight data, etc. can be shuttled between the front and
rear cockpits by means of a message carrier. This device consists of a flat piece
of fibre installed on a slide which is secured to a square tube located on the top
right side of the fuselage. Spring clips are provided to hold messages on the
carrier. A handcrank is installed on the right side of the front cockpit above the
ventilator, and on the rear cockplt coaming above the control column for operating
the carier on the tube. The operating cable connected to the carrier is wound on
a pulley at each handcrank. Tenslon is maintained with a turnbuckle at the carrier.
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SECTION XV

BOMB TNSTALLATION*

A, General

1. Internal Bomb Racks

The equipment provided in these airplanes for carrying and releasing bombs from
the internal racks consists of the following:

1 Type G-10, Modified, electrical release and mechanical emergency release
9 Type B-5A, Modified Bomb Shackles

1 Bomber's Release Handle with "Locked", "Selective", and "Salvo" positions
1 Type B-3 Avming Handle

2 Type A-3 Emergency Release Handles (one each for Pilot and Radio Opersator)
2 Type C-2 Bomb Hoist Unite fone left hand and one right hand)

1 Bomb Load Indicator

Electric Release Switches (Bomber Only)

Provision for the installation of a Goerz Bomb Sight

The installation of this equipment, excepting the bomb sight, is shown in dia-
grammatic form in Figure 56. Other views of the internal bomb rack installation are

shown in Figures 58, 59, and 60,

Dimengional clearances are provided In the airplane for the following listed
gizes of bombs manufactured by the U. S. Ordnance Engineers, Inc., Cleveland, Ohio; and

standard export types:

2 bombe at 1130 1lbs. (512.5 kg.) each, or
3 bombs at 625 lbs. (283.5 kg.) sach, or
5 bombs at 285 lbe. {129.3 kg.) each, or
G bombs at 122 lbs., { 55.3 kg.) each.

B. Bomb Rack Mechanism - Internal Rack

1. Description

Normal operation of this bomb rack is by means of electric switch controls
provided for the bombsr. A complete description of these switches is given in Section
XIX-A which covers the Electrical Tunstallsation of the racks. A description of the bomb-
er‘s mechanical controls and the pilot-radioc operator's emergency mechanical controls is

given in the following paragraphs.

The internal rack congists of two hanger assemblies bolted to vertical girders
on each side of the bomb bay as shown in Figure 58. Each hanger consists of a front and
rear rail made from 2UST aluminum alloy extruded section, rigidly spaced apart by means
of formed metal spreader bars, Latch hooks are Installed on the inner side of each rail
from which the bomb is hung in place by means of the modified Type B-5A shackles. There
are five bomb stations provided on the left hand rack and four on the right hand rack,
each station being identified by a number stamped on the outer side of the rear rail. The
size of the bombs which may be carried on the racks in accordance with the list in para-
graph "A" 1s also shown on the rear rails. Other loads may be carried if desired.

¥*For External Bomb Rack Insrallation see Paragraph J of this Section.
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Euch bowmb stuation 1s equipped with an electric release mechanism
for tripping the shacklez either selectively or s3alvo. An emergency salvo
mechanicul releage is also provided, paragraph G-2. The electric release
mechanism consists of a slide bar which supports the "arm and safe" control
bracket and the shackle release bracket; a heavy duty tripping solenoid
rigidly instalied on the front rail; a strong compression spring retained
orn the trigger release rod; and a trigger mechanism. The assembly is dia-
grammatically shown in Figure 56. The trigger release rod 1s connected by
means of a link to the sliding bracket which operates the release lever of
the bomb shackle providing the station has been cocked. Before a bomb is
loaded, the trigger releaze spring must be compressed and the trigger set
in the latched position. When the station is relessed either electrically
or manually, the trigger is tripped by a cam on the solenoid, releasing the
compression gpring and the bomb hooks in the shackles,

2. Release Control System

Bach stuation of the rack 1s remotely connected by a link rod which
is supported by levers installed on the front rails at each station. The
lever is indicated by the letter "C" shown in View A-A, Figure 56. The
lever "C" operates between two ferrules provided on the soclenoid plunger rod
thereby affecting the action of the solenoid in relation to the position of
the link rod. The link rods are cornnected at the top by means of bell
cranks and push rods to a clutch mechanism located on the right side of the
bomb bay. See Figures 56 and 59. The clutch is normally operated through
a cable system by the bomber by means of a release handle located on the
right side of the fuselage in the bomber's compartment.

The conftrol handle (Figurs 60A) is provided with three positions:
"Lock" ,"Seleative", and "Salvo." When placed in the "Lock"!forward) posifion,the
link rods on the racks are raised until the levers "U" are againat the rear
ferrule onthe solenoid plunger extension rod as shown B-B of Figure 56.
The cam lever "B" in View A-A is held against the trigger lever "A" preventing
the solenoid from operating electrically.

When the release handle iz placed in the "Selective" position, the
link rod and lever "U: are then placed in the position shown in View A-A of
Figure 56. Lever "C" is then midway between the ferruleson the solenoid
plunger extension which allows the solenoid to pull the cam "B" forward when the
solenoid is energized, thus releasging the trigger and trlgger release rod.
This sequerce of operations is repeated at each succeasive cocked station
when the bomber energizes the circuit alternating from one hanger to the
other providing stations are cocked on opposite racks. If stations are cocked
on one rack only, the operations follow successively through the cocked sta-
tions starting at the bottom of the rack.

When the release handle is placed in the "Salvo" (rear) position,
the levers "C" mechanically operate the solenoid plunger extensions simul-
taneously releasing all stations that are cocked. Since no bomb can be hung
on the rack without cocking the station, the entire complement of bomb will
be released when salvoed. The bomb racks may also be salvoed electrically
with the relesase handle in the selective posgition, by operating the bomber's
"Train" release switch. See paragraph B, Section XIX-A.

5, Clutch

The clutch mechanism is provided with three grooved pullieys around
which the operating cables are wound and anchored. The small rear pulley is
provided for the cable which ig attached to the tension spring located above
the clutch for returning it to the normal position after an emergency release.
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The outer pulley 13 free floating unlt or. the supporting shaft and is con-
trolied by mexrs of the cables connected to the bouwber's release handle.
This pul ey 1s always under s couwpression losd provided by & light coil
spring on the shaft besarirg against the outer aurfuce. The intermediate
pulley id similar to the outer pulley and provides the unchor unit for the
energer.cy bomb relesade csble.

The bomb ruck link rods ure remotely controlled by the long lever
instalied between the two outer pulleys of the clutch. This lever is
equipped with a rigid steel pin inserted through the lever midway between
the link rod and the pivoting connection at the opposite end. The pin rides
in a slot provided in each of two cama installed in the adjacent sides of
the two outer pulleys. HNormally the pin engages the slot of the outer pulley
8o that the movement of the bomber's release lever is directed through the
mechanism to the link rods. If the emergency controls are operated either
by the pilot or the radio operator, a cam on the intermediate pulley movesz
the outer pulley back against the compression spring disengauging the pin
from the slot and at the same time engaglng the slotted cam on the inter-
mediate pulley with the pin. When the emergency countrols are released,
the clutch mechanism returna to its origlnal position.

A diasgrammatic description of the clutoh movement 18 shown in
Views E-E and F-F of Figure 56.

i, Cocking the Trip Unit

Before loading any bombs on the rack the stationms that are to
be used should be cocked. This is accompllished by means of a cocking wrench
which is stowed on top of the horizontal beam just behind the right hand
hanger assembly. The wrench is engaged with the hexagoanal fitting provided
on top of the lever above each tripping unit assembly and then turned until
the station cocka. The B-5A shackles cannot be installed or removed unlesa
the station ia cocked.

5. Auntomgtic Skip Station

Durlag selective electric operation of the rack, the atations not
oovked will be automaticaliy skipped. This sction is described in detall by
the three puaition sketches shown on Figure 67A. Cocking a station ener-
gizes the circuit to the indicator lamp in the bomber's coumpartment conveying
to the operator the installation of a bouwb on the corresponding station. This
may result in a valn attempt to release a bomb from the atation or in any
case will require a separate impuise of the release awltch to uncock the

gtation.

6. Arming Controls

The "arm" and "safe" control brackets on the boub racks are coperated
by means of cables from a Type B-3 Arming handle instalied aft of the bomber's
release handle., The cables are connected to a lever operating a transverse
control rod installed on the upper end of the rear hanger rails, Each statilon
ig eguipped with a support bracket and lever assembly which 1s riveted inside
the rear rails of each hang:r. The inner arms of the levers are inter-
consected by means of a control rod which 13 connected at the upper end tc the
trangverse rod. See Filgure 50.
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The bomb shackle is egquipped with two hooks which control the arming wire in
the nose and tall fuses in the bomb. One hook is retained in the shackle under a light
compression spring and is moved past a slot in the bomb shackle when the bomb hooks are
locked shut. This hook retains the fuse wire in place in the shackle but is not strong
enough to pull the wire from the fuses when the bomb is released. The second hook is
pinned in the shackle opposite the wire retainer hook and is eqguipped with a lever which
ig operated by the sliding bracket on the rack. This hook can be moved under the wire
retainer hook thereby locking the wire to the shackle go that it will be drawn from the

fuses when the bomb is released.

When loading bombs on the racks, the bomber's handle must be in the "Safe"
position. This is very important since it ig otherwise possible to install the bomb
shackle on the rack with the arming lever out of the sliding bracket. If installed in
this condition, the bracket will not move the arming hook into the lock position and the
bombk will be released "gafe." Full operation of the bomberis control handle from the
"Safe" to "Arm" position is necessary to operate the mechanisem,

C. Electrical System

For the description of the electrical system on this bomb rack see Section XIX-A.

D. Bomb Sight

Provision has been made in the floor of the bomber's compartment for the in-
stallation of a Gosrz Bomb Sight. The port hole for the sight is kept closed when the
sight is removed by mezns of z floor plate and hole cover assembly. This cover isg in-
stalled from inside the fuselage and is secured in place with screws. When the cover
agsembly is removed, the bomb sight mounting base can be secured to the floor by three
bolts for which holes are provided in the floor structure., Complete Installation, Opera-
tion, and Maintenance instructions are furnished by the manufacturers of the bomb sight.

E. Hoisting Bombs

The bombs are loaded on the racks by means of the Type C-2 hoisting units. The
hoists are carried in the airplane, stowed in hangers provided in the crown of the fuse-
lage above the bottom rear gun. See Figure &0A. These units are either left or right
hand and must be installed on the proper bracket under the wings and on the side of the
fuselage. ©See Figure 57. When properly hooked in the mounting brackets, the hoists
will be horizontal when the airplane is resting on the ground.

IMPORTANT: The drums must be assembled on the brackets so that the cable
grooves of the drums are to the rear with the cable leading off close to the fuselage as

shown in Figure 57.

Hoisting pulleys are swung from ball socket fittings in the top of the bomb
bay as shown in Figures 56 and 59. These pulleys are arranged so that any of the bombs
shown in the loading diagram, Figure 56, cen be hoisted into position, When the hoists
are installed, the cables are fed through the slots in the sides of the fuselage wp
through the cable guides and over the pulleys.

The aft set of pulleys are used for hoisting bombs on the upper left hand sta-
tion #9 only, and the forward sst of pulleys should be used for hoisting bombs on all
obher stations, This 1s essential since hoisting with the proper pulleys will eliminate
having to swing the bomb through a large angle in order to engage the shackle with the

hooks on the hangers.
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When hoisting 300 1b. (129.3 kg.) bombs, the center pulleys are
used in addition to the forward set. The 100 1b. (55.3 kg.) bombs are
loaded by hand. Slings are provided for hoisting the various types of
bombs and are stowed in the airplane.

The shackles should be installed on the bombs and the arming wire
ingerted over the inner hook before the bombs are hoisted into the fuselage.
In cases where the bombs are fused after being hung on the rack, it is more
degirable to have the fuse wire in place in the shackle before the bomb ia

hoisted.

IMPORTANT : As shown in View G-G of Figure 56 which indicates the
position of the shackle as installed on the right hand rack, the bomb hooks
must always point aft. The word FRONT stamped on the shackle should be
closest to the nose of the bomb in any case.

It will be necessary to remove the front and rear support braces
for the bomb bay fuel tank before large bombs are hoisted onto the racks.

F. Fusing Bombs

Access holes are provided through the wing spars in the bomb bay
to permit the fusing of upper bombs after they are hung on the racks. Ex-
treme caution must be used while inserting fuses in bombs in the airplane.
If it is necessary to fuse bombs through the hole 1n the front wing spar,
the ping 1in the lower end of the pilot's seat support should be removed
and the seat hinged forward about the upper attaching pins.

IMPORTANT: The tail fuse on the upper 1100 1b. (512.5 kg.)
bomb cannot be inserted after the bomb is on the rack due to interference
at the wing spar.

All bombs may be fused while on the ground if desired and the
propellers carefully locked by means of the arming wire.

G. Bomb Bay Dours

The bottom of the bomb bay is closed by means of two doors which
are hinged to the longerons at each side of the fuselage. These doora are
of riveted aluminum glloy box type construction strong enough to permit
their being walked on. For this purpose a smooth skin covering is provided
on the imnner surface of the two halves. As a matter of caution, members
of the crew passing through the bomb bay in flight should find support at
the fixed parts of the structure. BEach door is attached to the fuselage
by four hinges having zerk fittings for applying lubrication. These fit-
tings are accessible from the inside of the bomb bay when the doors are

open.

L. Operdting.Meohanism

The bomb bay dowrs are operated by meana of a large steel screw
and special split nut mechanism which is mounted vertically oa the front
bulkhead in the bomb bay. A push rod is connected to each side of the nut
and to a strut arm which 1s integral with each door. The screw is operated
through a aystem of universal torgue shaftas and gear assemblies, carrying
the nut up and down the screw and controlling the doors through the dis-
placement of the satruts. See Figure 58 . The torgue shaft can be operated
by the bomber with & hand crank located on the right side of the fuselage
above the emergency exit door; and by the radio operator with a crank located
onr the right aide of the fuselage above the drift sight window,
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2. Emergency Operating Mechanism

The rut which travels on the screw consists of a threaded split block
with the halves retained between two flat steel plates which operate the cams
to open and close the nut. The plates are commected by means of levers to a
gro:. ved roller cam which i3 lo:sely keyed to a straight support shaft adjacent
to the screw., The roller cuam follows the nut mechanism as it is moved by the
screw, A pin i3 provided on the control lever and is retained in the groove
of the roller cam thereby providing a means for operating the cam plates
which control the nut. The supporting shaft for the roller cam can be ro-
tated by & cable controlled drum instalied on the upper end of the shaft,

When it is rotated, the pin on the nut control lever follows the groove

in the roller cam, the first part of the rotation splits the nut and opens
the doors, and the remaining travel of the cam permits the continued pull
on the control cable to release the bomb racks.

The emergency release cable to the shaft drum is carried along the
right side of the fuselage and is splice connected to two emergency release
handles located as follows: In the pilot's cockpit just forward of the wing
flap control valve, and in the radio operator's compartment on the bulkhead
Just aft of the door crank. An additional cable is wound on the shaft drum
opposite to the release cable and 1s carried along the left side of the
fuselage through the bomb bay to a tee handle located on the aft side of
the rear wing spar in the bomb bgy. This handle when pulled operates the
rotor cam opposite the release direction and closes the nut on the ascrew,
The bomb do:rs can be closed by the radio operator by pulling on the nut
closing cable and at the same time slowly turning the bomb door hand crank
wvhich is located directly opposite on the right side of the fuselage. This
will engage the nut for normal operation of the do rs.

3. Bafety Controls

The bomber's controls are arranged so that the bomb racks cannot
be operated until the bomb do.rs have been operied. This arrangement con-
sists of a spring loaded plunger instalied on the release handle so that
the handle is locked in the forward position when the doors are closed.

The plunger is connected by means of a cable to a glide lever installed

on the bulkhead adjacent to the screw and split nut assembly. When the nut
is moved to the lower end of the screw either by means of the crank handle
or by emergency relesase, the lever 1s forced down retracting the plunger
from the release handle and permitting the handle to be moved to the select-

ive or salvo positilons.

Electrical operation of the bomb racks with the bomber's release
handle in the "Lock" position ia likewise irpossible because the solenoids
plunger rods remain locked against the levers at each station until the re-
leage handle is moved to "Selective'" position.

IMPORTANT. To prevent inadvertent release of the racks while loading
bombs, the bomber's release handle should be placed in the "Lock™ position
after the desired stations have been cocked preparatory to loading,.

H. Releasing Bombs

The following procedure should be followed when releasing bomba.

1. Open bomb doors with hand crank,
2. Bet the release handle to "selective'" position.

3. Set the arming handle to "arm."



Model 139-W
A-C Page No, 1506

5. Set the toggle switch to "select" or "traln" as desired.

6. Release bombs in accordance with the instructions given in the
data accompanying the type of bomb sight used.

T. After dropping bombs, return release handle to "lock" poaition.

8. Return arming handle to "safe" position.

Caution: Always return the arming handle to "safe" position except

when actual bombing operations are made.

9. The bomber may make a "salvo" release by moving the release
handle to "salvo" which will automatically release all stations,
or by holding the "train" switch in the operating position until
the racks are empty. These two operations cannot be accomplished
unless the bomb doors are open. (See preceding paragraph.)

10. Emergency release of the bombs is accomplished by the pilot and/or
radio operator only by pulling their emergency release handle ag
far as possible or approximately 7 inches.

11, To close doors after emergency operation, see paragraph G-2.

I, Maintenance

1, Adjustment of the Release System

To check the bomb rack release gystem proceed as follows:

a. Open bomb bay doors completely.

b. Place release handle in "selective" position.

c. Cock all stations.

d. Move the release handle to "salvo" which should release all
stations simultaneously.

e. If this does not occur, the cables to the clutch should be adjusted

by means of the turnbuckles until there is a 3/16 inch gap between
the clutch cam and pin. See View E-E, Figure 56. The clutch cams
can be seen with the aid of a mirror and flashlight,

f. Next place the release handle in the "selective" position again
and recock all stations.

g. Move the release handle to the "lock" position.

h. It should not be possible to operate the racks by means of the
electrical controls.

i, Check the poaition of the clutch pin and cam which should be in
accordance with View F-F of Figure 56.

Jj. If the racks do not operate as noted above, the push rod system
between the station levers and the clutch should be readjusted
until the racks are synchronized for simultaneous release. It
must be ascertained that the racks can be locked against selective
releagse by means of the bomber's release handle after any adjust-
ments are made.

2, General Maintenance

All parts of the bomb rack mechanism and controls should be inspected
at regular periods depending upon its service use. The safety locking device
on the release handle should be checked for proper functioning prior to daily
operations when bombing equipment is being used. The operation of the racks
should be checked at intervals to ascertain that they function properly.
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Except for long periods when the bomb racks are not used, they should be
kept free from grease or oil. Cleaning should be done with kerosene. See grease
and oll chart, Appendix IV. Bearings may be oiled with thin lubricating oil to

prevent corrosion.

Zerk fittings are provided on all gear boxes and hinge bearings of the
bomb doors.

The vertical screw and parts of the split nut mechanism should be cleaned
of accumulated dirt and grit and re-oiled in accordance with the grease specifica-

tions.

See Section XIX-A for functions of the electrical control mechanism.

J. External Bomb Racks

1, General

The equipment for carrying and releasing external bombs consists of the
following:

2 Special Streamline Shackle assemblies, electrical and mechanical re-
lease (Removable Type)

1 Type B-3 Arming Handle

2 Type A-3 Emergency Release Handles (one each for the Bomber and the
Pilot)

1 Type B-3 Handle for locking the external rack mechanism
1 Bomb Hoist Support {uses the two Type C-2 Hoist Units)
Bomb Load Indicator (incorporated with Switch panel)
Electric Release Switches (Bomber Only)

The following listed bombs can be carried on and released from each of
the external racks,

1 bomb at 2000 lbs. (907.0 kg.), or

1 bomb at 1130 lbs. {512.5 kg.), or

1 bomb at 625 1bs. (283.5 kg.).

2. Description

The rack mechanism, Figure 60E, is of the toggle action type, that is,
the levers are adjusted slightly off center so that the locking forces against the
bomb hooks are multiplied when the mechanism is latched. Each rack is equipped
with two sets of hooks for carrying three sizes of bombs. The small hooks are used
for 600 1b. and 1100 1b. bombs; the large hooks for 2000 1b. bombs. These hooks
are interconnected by means of push rods and links so that they open together as
shown in Figure 60E. When bombs are released, the hooks are moved through the cen-
ter locking position, and the weight of the bomb completes the operation of the

releage mechanism,

The rack mechanism is so arranged that the bomb hoocks cannot be latched
without first cocking the electrical solenoid. Cocking the solenoid is accomplished
by first retracting the spring loaded rack locking pin by moving the lock control
handle in the bomber's compartment forward to the "Armed" position. Second, raise
the solenoid cocking lever, located on the left rear end of the rack, until the
trigger arm is set on the sgolenoid trip lever. Raising the cocking lever requires



Model 139-W
C Page No. 1507-A

considerable force to compress the long release rod compression spring at the rear
of the rack. The bomber's locking handle should be returned to the "SAFE" or aft
positlon before loading the rack to prevent inadvertent electric release of the

rack.

Cocking the solenoid does not affect the bomb hook leverage because the
connection between the solenoid and bomb hooks is equipped with a "dog" that ope-
rates in the forward direction only to release the bomb hook locks. Releasing
the rack mechanically will not trip the solenoid mechanism but it is recommended
that the solenocid be chscked for "latched" after each release of the rack.

After cocking the sgolenoid, the bomb hooks can be closed by means of two
"Tee" handle cocking rods provided at the forward end of the rack. When closing
either set of bomb hooks, the small hooks must be closed first. When carrying
2000 1b. bombs, both sets of hooks must be closed. However, it is important that
the 2000 1b. hooks be left open when 600 or 1100 lb. bombs are carried. This is
done to permit the release system to operate directly on the small toggle bar
locking hooks which requires greater forces to release due to the short leverage,
and therefore any possible lost motion in the system will not be absorbed in re-

leasing the large hook toggle bar.

The small hooks are closed by first striking the 600 - 1100 1lb. tee
handle, and then sharply pulling it forward, This raises the small toggle bar,
and latches the toggle bar lock hocks over the pins on the bar. A latch locking
lever is provided on the right side of the rack to completely latch the toggle
hooks if the forward pull of the tee handle was not sufficient. This latch lever
must indicate closed before the 2000 1b., hooks can be latched.

The large bomb hooks are closed by pulling the 2000 1b. tee handle
sharply forward to raise the large toggle bar into position where the toggle hooks
can be engaged by means of the large latching lever on the right side of the rack.

When the bomb hooks are completely latched, the linkage between the
toggle bar lock hooks and the solenoid release rod lever is rigid at the '"dog."
Mechanical release of the rack is accomplished either by means of the bomber's or
pilot's Type A-3 emergency release handle which operates the rack release rod
pulling the toggle hock linkage free from the dog. ZElectrical release is accomp-
lished by energizing the solenoid which retracts the solenocid trip lever and frees
the trigger. The solenoid release rod is then actuated by the compression spring
and the toggle bar hooks released through the "dog."

The arming system in this rack is shown in Figure 60E. It consists of a
wire keeper and spring loaded wire retaining lever which may be locked shut by
means of a push rod and latch. The retalning lever extends out of the bomb rack
to provide a grip for moving it out of the keeper to permit inserting the arming
wire. The light spring which holds the lever in the keeper is not strong enough
to retain the wire if the rack is not armed. Arming is accomplished by moving the
arming rod AFT which locks the lever system shut as shown in the Figure 60E. If
armed, the wire is retained in the keeper and withdrawn from the bomb fuses when

the bomb is relesased.

The bomb rack is equipped with three sets of cast aluminum alloy steady
braces used to eliminate lateral swaying of the bomb. See Figure 60D. A spring
arrangement in each brace causes the brace to be pulled down and swung back against
the rack when the bomb 1s released, thus reducing wind resgistance.
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K. External Bomb Hoist

1. General

A portable bomb hoist shown in Figure 60C is provided for lifting the
bombs onto the racks. This hoist consists of a tubular support equipped at the
upper end with a cast fitting for attaching it to the bomb rack, and at the lower
end with a cast support bracket for mounting the same Type C-2 hoist drums used
with the internal bomb racks.

It is necessary to remove the nose fairing from the rack and to discon-
nect the solenoid cable at the plug to install the hoist. Hooks are provided on
the front end of the rack over which the hoist is installed and pinned to a lug

adjacent to the support tube.

The hoist assembly without drums may be stowed in the tail of the fuse-
lage behind the flare racks as shown in Figure 60B. The flare tubes may be low-
ered to permit access to the stowage brackets,.

2. Hoisting Bombs

Procedure for holsting bombs ig as follows:

(a) Install the C-2 hoist drums on the tubular support and insert the
cables in the pulleys. The drums should be installed with the
grooves outboard and the handle axis horizontal when on the air-
plane. See Figure 40C.

(b) Install the pulley brackets shown attached to the sides of the bomb
rack in Figure 60C in the proper position as indicated by the name-
plates on the rack. Note: One positlon 18 provided for the 2000
pound bomb and the other position for the 1100 and 600 pound bombs.

(¢) Provide the proper hoisting sling for the bomb to be lifted and put
in place, tightening the lift cables enough to check the balance of
the bomb in the sling.

(d) Hoist the bomb into position and latch to the bomb rack by pulling
on the proper latching handle indicated by the nameplates on the
front end of the rack. Make sure that the mechanism is completely
closed by striking the releage lever with the hand. Check the three
indicators provided on each side of the rack to make sure that all
hooks are properly functioning.

L. Adjustment of the Release System

A nameplate ig provided on the inside of the bomb rack indicating the
movement of the arm and safe mechanism. The controls should be adjusted to give

this movement.

The push rods in the external rack should be adjusted so that the bomb
hooks are completely latched when the bomb rack is cocked. A check for thls condi-
tion is had by observing the position of the three indicators located on either
side of the rack. When properly adjusted all three indicators should coincide with

the adjacent pointers at the same time.
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The cable system operating the release cams inside the pilot's cockpit
will be properly adjusted when the notch provided in the cam on each releage is
seated against the follower pin on the tripping lever. See View I-I, Figure 56A.
In this condition the cables connecting the operating handles should be drawn up
snug but not enough to start the release action through vibration. The propér
operation of the release system can be checked by hanging 200 pounds total on the
small hooks and pulling the release, or by hanging 300 pounds total on the large
hooks and operating the release system. If the entire system 1s functioning pro-
perly the weights will be released.

Important: This rack releases by the weight of the bomb and a bomb weigh-
ing less than 500 pounds should never be carried on the large
hooks or a bomb weighing lese than 400 pounde should never be

carried on the small hooks,

M. Maintenance

Ball bearings, pre-packed with grease are used throughout the bomb rack
controls except in the nose section of the wing. The micarta bearings on the torque
tubes in the wings should be oiled occasionally, All cables should be coated with a
suitable rust preventative especially where they pass through falrleads and chafing
strips. Graphite grease should be applied to the cables at these points,

The external racks are fitted with "Olite" bronze bearings which require
no further lubrlcation. The internal racks however should be kept well lubricated
as required with excess o0ll or grease wiped off tTo minimize the accumulation of

dirt.
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SECTION XVI

MACHINE GUN INSTALLATION

A Description

The Colt MG-40 machire gun installations for these airplanes consists
of three .305 Caliber Flexible Machine Guns, one installed in the nose turret,
one in the rear cockpit, and one in the bottom of the rear section of the fuse-

lage aft of the rear cockpit.

The guns are manvfactured by the Colt's Patent Fire Arms Mfg. Company,
Hartford, Conw., and complete instructions for the installatlon, operation, and
maintenance are given in the Handbook furnished with each gun. Complete facili-
ties are provided in the airplane for the operation of the machine guns, and
for carrying reserve quantities of ammunition.

B. Nose Gun Turret

The forward gun is installed in s rotating turret located in
the nose of the fuselage. The turret is constructed of gluminum alloy formed
channels rigidly riveted together to form a dome type frame with the channel
ends secured to a circular ring at the base. The entire structure is fitted
with clear moulded Plastacele windows which are held in place between the
flanges of the frame chamnels and outer cover strips by means of counter-sunk-
head screws and self-locking auts. This construction provides for readily re-
placing the plastacele when necessary. The turret is provided with a vertical
slot equipped with stainless steel tracks on which the gun carriage is mounted
The turret is gecured by means of rollers to a steel track which forms a perma-
nent part of the fuselage structure, and provisions are made for rotating the

turret through a complete circle.

The turret can be locked at Intervals around the ring by means of &
spring-loaded pin located at the base of the vertical slot, and operated through
a steel cable attached to a trigger mechanism on the gun carriage. Stops are
installed on the base ring to limit the normal rotation of the turret in either
direction in order to prevent the gunner from firing into the propellers and
wings. The turret can be rotated past these stops by lifting the stop lever
which is hinged to the base of the turret frame at the gunner's left.

The machine gun is mounted on a special carriage (Figure 62) which is
retained on the vertical track in the turret by rollers. Holes are provided at
two-inch increments in the gides of the lracks to engage the locking pins in
the gun mount. The levers at the handle of the gun mount control the locking
pins, both for the turret and for the mount} the top lever being used for the
turret lock, and the bottom lever for the mount lock. These levers can be
operafed geparately, or slmultaneously as desired.
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When the gun 1s installed, its weight is balanced by two elastic cords which are
anchored to the turret frame aft of the gunner and carried in channels arcund the dome
of the turret to attach at the top of the gun mount. Care must be exercised when re-
leasing the gun mount from a position at the bottom of the vertical track that the handle

is held firmly to prevent the mount from raising up too suddenly.

When not in use, the turret is rotated either way and locked with the vertical gun
slot facing aft. When the machine gun is in place, but not in use, it is stowed by lift-
ing the gun to the extreme "up" position, and then rotating the turret until the gun
points upward over the top of the fuselage and the turret is locked in that position.

The gun mount can be removed from the vertical track by disassembling the roller
toggles from the mount. These toggles are attached with steel clevis bolts which are
tapped into the toggles. The balance cords must also be detached at the resar when re-
moving the mount. The turret lock cable passes through the actuating mechanism of the
gun mount and is attached to the turret near ths upper end of the vertical track and
must also be disconnected when removing the gun mount. After the bolt heolding the lower
forward end of the right hand balance cord is removed, the mount can be lowered to the
bottom of the track and turned to free the cable-actuation lever on the left hand side.

The entire turret isg removed by taking out the clevis bolts that secure the attach-
ing rollers to the inner periphery of the turret base ring. These bolts are located
around the outer periphery of the ring, and may be reached from outside the airplane, or
from within the nose section.

The nose gunner is provided with a swing seat attached to the sides of the turret
at right angles to the gun. An elastic shock cord pulls the seat up out of the way when
not in use. Provisions are made to stow six ammunition magazines on the fuselage aft

of the gunner for the ammunition.

C. Rear Upper Gun Installation

The upper rear machine gun is mounted on a specilal carriage, on a seml-circular
track which extends around the sides and aft end of the gunner's cockpit. The gun car-
riage is equipped with ball bearing rollers that secure it to the track and assure smooth
operation. A clamp type latch in the carriage is operated by the handle hinged at the
gides of the carriage housing. Raising the handle releases the clamp on the track and
permits the carriage to be moved to any other position. See Figure 64C.

The carriage is equipped with a chuck-type, ball bearing lock mounting post in
which the gun mounting bracket is inserted. (See Figure 63.) A locking pin 1s installed
on the right side of the carriage yoke which permits the mounting post to be secured 1n
three different positions. When not in use, the gun is stowed below the collapsible
section of the rear enclosure in a special friction latch which is located directly for-
ward of the enclosure on the right sidé of the airplare. The gun carriage must be moved
forward on the track to raise or lowe¥ the enclosure, then moved back to the painted por-
tion of the track which indicates the stowage position of the gun. To stow the gun, re-
lease the side locking pin and lower the gun cradle until the front mounting bolt engages

the latch.

A safety release device is clamped to the copilot's control column to release the
gun carriage and move it back if the carriage is left clamped to the forward right side
of the track, and the column locked to the main controls. A latch and hook are provided
for securing the rear section of the enclosure in the folded condition during flight and
thus increase the clearance under the gun. Provision is made directly below the cockpit
coaming for carrying six ammunition magszines. Steps are installed at each side of the
fuselage to permit greater range when bperating this gun.
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D. Rear Flour Gun Inatallation

The Rear Floor Gun is installed in a chuck-type, ball-bearing lock,
mounting post which is installed in an adjustable bracket located in the
bottom of the fuselage :See Figure 64). Three positions for adjustment of
the bracket are provided. The extreme aft position permits the gun to be
swung out of the fuselage and pointed slightly toward the front.

This gun is operated through a door installed in the fuselage
bottom, and hinged at the rear end so that it car be opered inward. A
latch handle at the front end of the door i3 operable from the insgide only.
A cross bar installed above the door in the fuselage is equipped with spring
latches for holding the door in the "UP" positioa.

When not in use, the gun is stowed using a latch (for the barrel)
located on the right side of the fuselage. Provisions for carrying six
ammunition magazines for this gun are made on the sides of the fuselage.

A safety belt attachmert fitting is provided in the floor aft of the gunrer
when he is in poaition.

E. Sights

The Wiad Vane sights furnished with machine guns should be used on
all three installations. However, the Ring Sight on the front gun must be
replaced with a special Martin Ring Sight that is furnished with the airplane.
This is necesasary because of the interfererce that exists betweer the standard
ring sight and the turret gun track. This special ring s3ight is designed to
be attached to the gun behind the feedway cover. It should be 10catad.51-5/16
inches (79 cm) aft of the head on the wind vane sight.

F. Maintenarce

The rose turret gun mount should be greased at the Zerk fitting every
h0-hour inspection period, using grease, A.C. Spec. VV-G-681, The latches on
the rear gun mounts should be oiled at this period with oil (A.C. Spec. 2-01).
0il or grease should not be applied to other parts of the gun turrets and re-
lease mechanisma unleas the airplane 1s to be stored for an extended pericd.
Dirt accumulation iz otherwise likely to cause malfunctioning of this equipment.

The Plastacele windows in the turret and cockpit enclosure may be
cleaned as described in Section XVI. When Plastacele panels are replaced, care
should be exercised that the new holes match the screw holes in the metal, and
that they are drilled #4 (.209") diameter in the Plastacele. IMPORTANT: After
the attaching screws through the Plastacele are replaced and tightened, they
should be loosened one turn. The loosened screws and the oversize holes through
the Plastuacele allow for expansion and contraction due to temperature changes.
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COLT MG-40 MACHINE GUN

FIGURE 62 NOSE TURRET AND MACHINE GUN INSTALLATION o



TO STOW GUN:
MOVE CARRIAGE TO STOWAGE POSITION.
RELEASE SIDE ADJUSTING PIN.
ENGAGE FRONT CROSS BOLT QF
CRADLE WITH LATCH.

GUN STOWAGE LATCH

ENCLOSURE RETAINING K

o

FIGURE 63 UPPER REAR MACHINE GUN INSTALLATION

091 39vd
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COLT MG-40
MACHINE GUN

LOWER REAR GUN INSTALLATION :



FIGURE 64-A COLT M.G -40 GUN WITH ADAPTOR

9091 39vd



SIDE ADJUSTMENT LATGH

MOUNTING POST CAN BE
MOVED DOWN TO STOW GUN

FIGURE 64-C UPPR RER MACHINE GUN CARRIAGE - TYPE G-1

8091 39vd
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SECTION XVIT

PYROTECHNICS

A, General

Space is provided in all Model 139-W airplanes for the installation of complete
pyrotechnic equipment. The basic operating equipment is opticnal with the users of these
alrplenes. Complete equipment when installed consists of two Type A-3 racks and control
for carrying and releasing Type A-8 parachute landing flares; friction spring type stow-
age clips for carrying both parachute and meteor type signal cartridges; and a Mark I
slgnal flare pistol with a stowage bracket for the pistol,

B. Parachute Flares

Release controls for the Type A-8 parachute flares are provided for the pilot
only, The flare releases are operated by means of 1/16 diameter extra flexible cables
carried along the right side of the fuselage in Bowden casings and connected to two Type
A-% pull handles located below the landing gear controels in the cockpit,

The Type A-3 racks are installed in the rear of the fuselage aft of the floor
gun door, (Figure 52). The racks are mounted on a hinge bracket, and are held in a ver-
tical position by means of a latch at the top. When unlatched, the racks may be tilted
forward to permit loading (Figure 60B). A hinged door, mounted directly on the bottom
of each rack, is held in the cloeed position by means of a spring latching device which
is sufficlently strong to support the flares., The latches are operated by means of the
cables previously described. In the vertical position the racks are directly above the
reinforced well in the bottom of the fuselage which should be kept clean to assure proper

functioning of the doors.

Before loading the flares 1nto the racks, the tear strip at the top should be
pulled off and the flare cover removed to expose the retalner wire, The cover should be
disposed of., The flares are installed from within the fuselage by tilting the racks
forward and carefully lnserting the flares until they rest on the doors. The retainer
wire should then be attached to a plunger provided in the rack cover which is then

latched closed.

Additlonal information on these flares is contained In the pamphlet published
by the Ploneer Instrument Company.

C. Maintenance

The flare racks and cable 1nstallation should be inspected and operated at each
twenty hour period, All dirt must be cleaned from the doors and the cables ilnspected for

wear,

Impertant: 011 or grease should not be used at any point in the cable system or
on any part of the flare rack mechanism, as the accumulation of dust and dirt may cause
malfunctioning in an emergency. Clean with a suitable solvent to prevent rust and cor-

rosion,
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D. Sigoel FPlarss (For Airplanes Equipped with Pyrotechnic Signals)

opring clip brackets for carrying the various signal projectiles are
Installed on the sides of the fuselage above the bottom gun aft of the co-pilot.
Gee Filgure 52. The algnal cartridges are of the parachute type and msy be ur-
nished in red, green, or white lights for night use; or smoke cartridges for
day uae.

The pistol 1s stowed on a speclal bracket Installed on the lower right
longeron adjacent to the co-pllot's seat. The pistol is of the double actlon type
wlth housed hammer and retracting firing pin, a trigger designed for two finger
puvll with & heavy flying glove, and a safety latch in the rear of the grip. A
barrel release latch on the side 1s easily accessible to the thumb of the right

hand.

The ready barrel release latch provides a means of instantly getting
rid of a misfired barrel without opening the pistol or dbringing it into the air-
plane, as the hazard of a misfire lies in the fact that 1t might be a hangfire in
which the delay could be sufficient for the operator to open the pistol Just be-
fore the cartridge fires. This hazard is eliminated in this type of pistol.

When the trigger of the pistol is pulled, the propelling charge projects
the case containing the parachute signal or illumination flare away from the air-
plane and at the same time ignites the delay fuse. The delay on the fuse of the
projectile is accurately timed for two seconds, which assures that the flare or
signal will be well out of any possible interference with the ailrplane before the
fuse flashes through and expels the parachute and burning candle. The propelling
charges used for the different projector barrels are sufficient to carry the illum-
ination flare a distance of about 45 feet and the parachute signal light or meteor

gsignal light tc a distance of about 150 feet.

E. Firing

In discharging the pistol it is advisable to fire with the elbow cocked,
so the force of the recoil is absorbed by a rearward movement of the arm. It is
recommended that firing be done slightly toward the rear and upward to insure
against accldental contact of the projectile with the airplane and to obtain the
maximum vision of illumination, depending on the altitude,

Additional information may be had by consulting the International Flare
Signal Co., Tippecanoe City, Ohio, U.S.A.
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SECTION XVIIT

SURFACE CONTROLS

A. Deascription

The surface controls comprise the flight controls for the movable sur-
faces, that is, the elevators, rudder, and ailerons; and the controls for the aux-
1liary surfaces; the elevator trim tabs, rudder trim tab, and the aileron trim tabs.

The main control system for both the pilot and copilot consists of a
wheel and control column operating the aillerons and elevators respectively and the
foot pedals operating the rudder. In the rear cockpit, the aileron and elevator
controls may be disconnected and the column stowed forward to permit use of the
upper rear gun. Referring to Figure 65, this is accomplished by firat disconnect-
ing the wheel by turning the cam lock handle "A" on the wheel, 90° either way, and
second, unlock the control column from the elevator cable by turning the knob "B”
on the right side of the columm. These locks are shown in Figure 5A. Push the
column forward hard and latch in the friction spring clip provided on the fuselage
bulkhead. A safety device shown. in Figure 5A is provided on the control column to
automatically unlock the machine gun carriage if it has been lef't in the extreme
forward position with the copilot's flight controls connected. This prevents the
pilot's controls from being fouled by the rear gun carriage.

The cockpit controls are connected to cast aluminum zlloy guadrants on
the elevator and rudder torque shafts by means of 5/16 in. extra flexible steel
cables. The ailerons are connected to the operating crank arm by 5/32 inch extra
flexible steel cables. Standard roller bearing pulleys are employed and phenol
fiber fairleads are used to prevent interference with metal parts and for small
changes in direction of the cables. The change of direction on a fairlead block 1s
not more than 2°. Most of the -bearings in the control system consist of sealed
type ball bearings and require no lubrication, but in a few places plain bearings
have been used at which Zerk fittings have been provilded. Lubrication requirements
are noted on the control system dlagram Filgure 65.

Auxiliasry or trim controls for the elevators, rudder, and allerons are
provided for the pilot, the copilot having trim control of the elevators only.
Longitudinal balance is affected by the pilot with a handecrank on the left aide of
the cockpit. A system of bevel gears and torgue shafts equipped with universal
Joints operate a screw mechanism in the tail of the fuselage. Cables connect the
gcrew mechanism to the trim tabs. The copllot is provided with a hand grip on the
torque shaft for operating the controls. Lateral balance is controlled with an ad-
Justable handle mounted on the forward side of the pilot's control column and con-
nected to trim tab masts by means of cables in Bowden casings, The rudder trim
control handle is mounted on top of the pilot's coaming above the instrument panel.
The cable connections are similar to the aileron controls. Figure LA shows the
location of the pillot's controls.

B. Rigging

Due to the high speed characteristics of this airplane, it is essential
that the control system cables be rigged reasonably taut in order to prevent vibrs-
tlon or flutter of the surfaces. The initial tensions to be rigged into the control
cables are shown in the following chart. These values should be checked with the
Glenn L. Martin Company hand tensiometer No. TC-46112, or equivalent tensiometer.
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Aileron Control Cable - Wings 125 1bs. (56.7 kg.)

Aileron Control Cable - Fuselage 60 1bs., (27.2 kg.)

Rudder Control Cable 70-75 1bs. (51.7-34 ke.) Elevator
Elevator Control Cable - Lower T0-75 1bs. (31.7-34 kg.)

Elevator Control Cable - Upper 70-75 1lbs. (31.7-34 kg.) Supported
Aileron trim tab control cable 4O 1bs. (18.1 ka.)

Rudder trim tab control cable 30 1bs. (13.€ kg.) Approx.
Elevator trim tab control cable 50 1ba. (22.7 kg.)

These values are given for control cables rigged under generally stable
conditions at sea level with the ground temperature not exceeding 80°F. It should
be remembered that higher temperatures cause considerable expansion throughout the
airplane which results in normal tightening of the cables on the ground. This con-
dition is normalized while the ailrplane l1s in flight since higher altitudes are
generally colder. In all possible cases 1t 1s recommended that airplanes be rigged
during the morning when conditions more nearly coincide with the above.

When rigging the airplane care must be taken to provide sufficlient travel
in the Automatic Pilot Servo System, to prevent the pistons from bottoming in
either direction. If properly rigged there should be not less than 5/8 inch ad-
ditional piston travel available in any system when the corresponding control sur-
face is moved to the extremity of its travel. Since no major adjustment can be
made in the Servo Unit, the travel of the Servo pistons musat be adjusted by means
of the cable turnbuckles. The Servo pistons should be rigged into the cable systems
with approximately equal travel provided at each side.

C. Rudder Adjuatment

The rudder control system can be adjusted as follows:

1. Locate both foot pedals in the middle notch of the rudder pedal ad-
Justment bars.

2. Clamp the pedal stirrups together and in line with a board, bar, or
gimilar support.

3. Adjust the rudder buss cable until the stirrups are 2° forward of the
vertical, measured from the horizontal centerline of the alrplane. (A
level protractor can be used to determine this condition whether the

airplane is leveled or not).

4. Set the top Servo plston in the neutral position, that is, with equal
travel provided at each side.

‘5. Take up all slack in the system using the two turnbuckles and vernier
adjustment links in the bomb bay and the two turnbuckles in the tail

of the fuselage.

Locate the rudder in the neutral position by measuring the dlstance
from the bottom tip of the rudder trailing edge to the center of the
bolt through the middle outrigger hinge of the elevator on each side

of the airplane. This distance is approximately 75 1nches, but the
distances should be equal. Check the turnbuckles to ascertain that the
proper threads are screwed into the barrels.

rs
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Remove the aligning support from the rudder pedals.

Check the travel of the rudder toward the right side by measuring the
distance for the outrigger bolt to the rudder tip at the trailing
edge. The 25° required will measure 60-5/8 inches.

With the rudder in this position, tighten the rear stop cable attached
to the right rudder quadrant until the rudder travel is fixed at this
point. Check the clearance between the arm to which the left end of
the buss cable is attached, and the bracket which supports the propel-
ler governor control wheels. This clearance should not be less than
5/8 inches. If additional adjustment of the stop cable ig required to
provide this clearance, the turnbuckles or the vernier links in the
bomb bay must be adjusted accordingly to maintain rudder travel., This
in turn affects the buss cable adjustment.

Adjust the stop cable attached to the left rudder gquadrant after de-
termining the proper travel by measuring.

Recheck the complete system to determine the Servo piston travel
through full rudder travel, and seec that both sets of rudder pedals

are squal.
Take up the front stop cables to the pilot's pedal quadrants.

Safety all nuts and turnbuckles.

Ad justment

*¥NOTE:

To

1,

g

adjust the elevator controls:

Replace the front stop cable at the lower end of the elevator quadrant
in the front cockpit with a rigid adjustable link, and adjust the con-
trol column 50 forward of perpendicular,.

Place the middle piston of the Servo Unit in neutral, and remove the
glack in the system. Adjust the cables until the center of the tie

rod bolt in the bottom bell of the rear quadrant measures 10% inches
to the center of Station 5D. The turnbuckle and vernier link assem-
blies located immediately aft of the front quadrant and Just forward
of the Servo Unit are used for this adjustment.

Ad just the turnbuckles in the tail of the fuselage until the elevator
is raised 5° above neutral. Maintain the proper tension. Check with
incidence board.

Replace the rigid link at the front quadrant with the standard stop
cable. Adjust the stop cable until 15° downward travel of the eleva-
tor is provided. Measure with incidence board.

Check position of control column with elevators in neutral., The col-
umn should be between 45° to 5%0 forward of vertical.*

When adjusting the degree travel of the control column in the forward and
rear positions with a protractor or template, the elevators should not be
gupported, but all loads should be taken by the cables. This is necessary
because the weight of the surfacez and controls tend to stretch the long
cables, and erroneous readings in the protractor setting may result if the

welght is supported.
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Check the clearance between the front elevator quadrant and the sup-
port bracket of the rudder guadrant. Clearance should be approxi-
mately 5/8 inch. ReadJjust as described above if necessary. If too
much forward travel is had in the front column, increase the downward
travel of the elevator surfaces 2° for each single degree over-travel
of the control column. Use the turnbuckles in the rear end of the
fuselage. Readjust the stop cable at the front quadrant to bring the
elevators back to 15° for down travel.

If not encugh contrel column travel is had after adjustments in para-
graphs 1 through 5, reverse the process described in Par. 6.

Adjust the "UP" travel of the elevator to 31%0 by means of the top
stop cable at the front gquadrant.*

Engage the rear control column with the cable system and adjust the
position of the column in the elevator down position. This adjust-
ment is made in the push rod between the control column and the quad-
rant. There should be 1/8 inch clearance between the latch segments
at the top of the column when properly adjusted.

Ad just the "UP" travel by lifting the elevators with the forward con-
trols, and taking up the stop cable between the rear column and sta-
tion 5A until it is Jjust snug.

Recheck all turnbuckles for proper thread in the barrels, and safety
wire. BSafety the link nuts and lock the adjusting terminal nuts,

E. Aileron Adjustment

To adjust the allerons:

vy

6

Clamp the aileron cable guadrant, located on the aft side of the rear
wing spar in the fuselage, in the neutral position.

Set the front control wheel in neutral and take up the cable turn-
buckles in the bomb bay until proper tension is obtained.

Set the rear control wheel at neutral and adjust the rear cable system
until the bottom Servo piston is as near center as possible, with the
required tension provided.

The one turnbuckle and vernier link provided in this system are located
below the Servo. Two holes are provided in the terminal end of the
Servo piston rod for slight adjustment. Due to this small possible ad-
Justment, it is important that this cable be made as near the required
length as is necessary to hold the Servo piston neutral.

Adjust the cable system in both wings until the ailerons are neutral
with the wings, and proper tension is obtained. The turnbuckles are
located at the wing gap and are reached from the bottom.

Before safetying the links and turnbuckles make sure the turnbuckles
are adjusted with the proper threads in the barrels.

Release the clamp arrangement at the quadrant in the fuselage.

*¥See note, bottom of page 1802.
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F. Aileron and Rudder Tab Adjustment

With the control handles in the neutral position, the cable turnbuckles
should be sdjusted until the tabs are centralized with respect to the parent sur-
face. The movement of the aileron tab is limited to 15° each way by stopa provi-
ded on the chain segment in the column.

The movement of the rudder trim handle limits the travel of the rudder
trim tab. No limit adjustment 1s provided other than the handle. TFer this tab,

15° movement each way is provided.

G. Elevator Trim Tab Adjustment

To obtain the desired tab travel, the controls must be rigged with the
indicator out of position in the pilot's cockpit. The required travel of the tab
is 13° UP and 23° DOWN. This travel is adjusted by placing the indicator in the
cockpit in the neutral position, and taking up the turnbuckles in the rear of the
fuselage until the tabs are 5° DOWN. Tensilon 1s placed in the system by means of
the buss cable between the two trim tabs.

H. Maintenance
At the twenty hour inapection periods:

1. Inspect all cables and pulleys (including all quadrants) to make sure
that the cable 1s in the groove and is not chafing. Replace all
frayed or worn parts. Replace any control cable when a frayed place
is discovered. With normal operatlons, it is believed that most con-
trol cables willl need replacement about every 300 hours, although
this figure may vary widely depending upon circumstances.

Cavtion should be exercised in searching for broken stranda which
often are found in the core of the cable and are not visible until
the cable 1s carefully kinked into a U-shaped loop at the suspected
places. Merely running the fingers along a cable having an internal
break will not locate the trouble; but frayed ends among the outer
strands can usvally be detected by drawing the fingers along the
cable. In certain climates, hldden corrosion of the inner strands may
also be discovered in the above manner and should be watched for,

2, Inspect control surface hinges (including the aileron horns) for per-
fect operation.

3. Check rigging of the system and take up any slack that may be in the
gsyatem due to a zlight stretching of cables,

All cables should be cleaned every 4O hours where they pass over pulleys
or through fairleads, and covered with heavy rust-preventative compound. (See

Appendix IV).

I. Lubricatlon

All lubrication points, periods of lubrication, and the proper lubricants
to use are noted in Fig. 65 (also see table of greases in Appendix IV).
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J. Sperry Automatic Pilot (Applies Only to Airplanes so Egquipped)

1. Descri tion

The pilot's Directional Gyro and Bank and Climb Gyro Units are mounted
on a separate removable panel in the center of the main inztrument board. These
units are installed by sliding them onto the tracks of the mounting unit which is
vsually left in place behind the instrument board.

The mounting unit is supported in the airplane on four 6-vpound capacity
"Lord" rubber shock absorbers and is accessible through the hatch provided in the
top of the fuselage forward of the pilot's cockpit.

Note: When installing the flight gyros in the mount, it will be necessary
to exert considerable pressure against the gyro units to provide a good air seal
around the connections. This is accomplished by means of the "hold on'" screws on
the front side of the gyro panels which should be tightened alternately a little
at g time until the gyro units are firmly seated.

Alr relays, balanced oil valves, and follow-up pulleys are attached to
the back of the mounting unit and are accessible through the hatch.

The complete system is shown diagrammatically on the Sperry eguipment
outline drawing No. T5688-F which is furnished in the Accessory Bulletin cover.
The oil pressure is supplied by a Pesco oil pump installed on the left engine
(Figure 65A). The pump is connected to an oil sump located on the front side of
the firewall in the left engine nacelle, and also to an oil pressure regulator
located adJjacent to the sump tank. The pressure regulator i1s also connected to
the sump so that oil can be bypassed around these units when the servo unit is
shut off. The oil is piped to the speed control valves located on the auxiliary
control panel at the pilot's right. An oil filter is located in this line ad-
Jacent to the sump, and & Servo oil shut-off valve is provided in the line and
located above the longeron on the right side of the cockpit. A line from the
gshut-off cock to the speed control valves is also connected to the pressure gauge,
both of which are located on the auxiliary control panel at the pilot's right. See
Figure 4A, Shutting off the oil supply stops the operation of the Servo Unit and
speed controls but does not affect the operation of the Gyro instruments.

Vacuum for all the Gyro Instruments is supplled by two interconnected
Pesco vacuum pumps, one installed on each engine. An Bclipse check valve 1n each
line assures operation of these instruments in case one engine is shut down.

2. General Inapection and Maintenance

(a) Adjustment of Gyros

The trim position of the Automatic Pilot in the airplane should be
checked at the englne overhaul perlod or between 300 and 400 hours. This is ac-
complished by placing the airplane in the normal flight attitude and then adjusting
the retaining bolts in the shock absorbers on the mounting unit. These bolts are
accesslible through the hatch forward of the cockpit.

(b) Inspection

The Automatic Pilot system should be completely gone over during the
40 hour inspection and should be checked for the following:-
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Ingpect all piping, fittings, and pumps for leaks. Tighten any loose
fittings or clamps. Replace any doubtful parts and those showiog signs of failure.
See Section Ii-B for pipe line identifications.

heck the follow-up cables for wear, paylng particular attention to
gtranding or fraying. Bend the cables at the sectiocns which pags over the pulleys
to see If any internal gtrands are broken. Check follow-up cables for sufficient

tension.

Inspect the air screena in the Gyro instruments and clean. One
screen i3 provided in the Directional Gyro control unit, two in the Bank and Climb
Gyrc control unit, and one in the Vacuum Relief Valve.

Check oll 1in the sump tank for 5/4 full. Maintain this level with
Servo 0il. No other kind of oll shall be used. {(See Table in Appendix IV for 0il
gpecificationa).

At engice overhaul periods (approximately 300 to LOO hours) the con-

trol units should be removed and given a bench check.
Replace worn rubber gromaets back of the control units.

Drain the oil tank and sump and remove the straicer for cleaning in
gasoline Do not use high test (lead base) gasoline for cleaning.

Remove the ¢il and vacuum pumps for cleaning in gasoline. Inapect
the driving end of each for wear and check the freedom of rotation. Do not dis-
assemble the pumps unless absolutely necesaary.

Replace any weakened flexible hose connection.

After reimstallation of the ayatem units, supply the oil tank with
one gallon of the oll. Check the supply (especlally after ground testing proce-
dure) to ascertalin the proper level of oill. A sight gauge is provided omn the tank
for checkling the oil level.

The instsllation of the vacuum inatruments is shown on the "Installa-
tion Aeronautical Ingtruments" drawing listed in Appendix IIT. The Pesco oil and
vacuun pumps are covered in detall in Pesco Accessory Bulletina listed in Appendix
II. Drawings showing the assembly of the 0il Preagure Regulator and the 0il Fill-
ter are furnished with the acceasory bulletins.

Ground checking the Automatic Pilot is covered in detail on page 47
in the Sperry Instruction Manual No. 15-726C which is furnished with the miscel-
lanecous accessory bulletins., The instructions given therein are applicable to the
139-WH3 airplane except that the operating oil pressure has been adjusted to T5
1bs./s8q.i0. (5.27 kg./sqg.cm. ).

Flight tests made with the Pilot aystem set at this presasure have
proven satisfactory at the factory. Should it be necessary to readjust the oil
pressure to any value other than the above to obtain stable flight, the pressure
should be at least 10 lbs. higher than the lowest pressure at which the Pilot will
function properly in normal weather when flight tests are made. The additional
10 1lba. pressure should be sufficient to overcome any possible gust loads encoun-

tered in bad weather.
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It should be remembered that the oil pressvre must be adjusted with
the speed valves closed. If the pressure is adjusted with the speed valves open,
the result will be an increase in oll pressure when the valves are closed for ad-
Justment of the Pilot in flight. Excezaive pressure will cause Jjerky control and
places too great a load in the balanced oil valves of the Servo.

On the other hand, if oil pressure is too low, it will be necessary
to open the speed control valves so far to operate that the return action of the
Pilot from an out of trim condition will be extremely slow and thus cause the air-

plane to hunt.

3. Vacuum System

There are three vacuum relief valves in the system located as follows:
one adjacent to each engine driven vacuum pump shown in Figure €5A, and one in
the main line st the right aide of the pilot's cockpit shown in Figure 71. The
pump relief valves are adjusted by means of a knurled nut on top of the valve.
Turning these nuts OUT will increase the vacuum. The rear relief valve is adjus-
ted by means of a screw located under the acorn shaped cap on top of the valve,
Turning this screw IN increases the vacuum. This valve may be reached from the
bomber's compartment by loosening the draft curtain.

To adjust vacuum:

(a) Adjust the rear relief valve (in pilot's cockpit) to maximum output
by turning adjusting screw all the way in.

(b) Adjust each pump relief valve separately to 4.75 in. Hg. with en-
gines running at 1500 RPM,

(c) Readjust rear relief valve to 4.25 with engines running at 1500 RPM.
(d) When starting engines, be sure Gyro units are NOT caged.
(e) Recheck operaticn of controls by turning the knobs on the Gyro unit.

(f) Follow the instructions on the plate attached to the Gyro unit.

4. Operation of Automatic Pilot

Complete instructions_for the operation of the Automatic Pilot are given
in the Pilot's Section, II-A of the Maintenance Manual.



. OIL SUMP- AUTO.PILOT

OIL FILTER UNIT

FUEL PUMP

DRAIN LINES

0IL PRESSURE REGULATOR?
(AUTO. PILOT)

BATTERY

. PROPELLER GOYERNOR
. OIL PUMP - AUTO. PILOT

. TACHOMETER

. FUEL PUMP DRIVE

. VACUUM PUMP

I2. VACUUM RELIEF VALVE
3. VACUUM DRAIN LINE

JWmNG G RN -

IS

N b T | ; s . - 16T

B

FIGURE 65A. AUTOMATIC PILOT EQUIPMENT IN NACELLE - LEFT ENGINE C

veog| 39vd



Model 139-W
c Page Wo. 1200

SECTION XTIX

ELECTRICAL SYSTEM

A. Special Data (See drawing numbers in Appendix ITII)

Figure 65 shows the general arrangement of the Electrical Installation. This in-
stallation comprises two main systems:

1. A mechanical system consisting of terminal boxes, condult, clamps, etc., and
shown on the "Installation Fuselage Electrical Equipment" drawing and the "Installation
Nacelle Electrical Equipment" drawing,

2. A system of supply and return wires is shown on the Electrical Wiring Diagram
A simplified diasgram is shown in Figure 67.

B. Description

In general; drawn seanless alumiinum conduit is used throughout . the airplane.
Flexible condult is used in the ‘engine nacelles and at certain points in the fuselage where
flexibility is hecessary. The cables at the terminals of “the navigation 1lights, landing
lights, gumner's instrument board, and magnetc ground at engine are braid-shielded. Con-
duit sections are Jjoined together with standard conduit unions. Care should be exercised
in case conduit is removed and.replaced that the ends be smooth and even, and that 211 con-
duilt clamps are tight. Rough conduit ends invariably injure conductor insulation and may
cause short circuits. Sharp dents should also be avoided because of the pinching effect of
the wires. Shielded connector panels (Jjunction boxes) are provided at junction points in
electricdl circuits. '

The eléctrical section of the pilot's instrument board is completely shielded.
Access to the inboard panels is obtained by removing the screws around the outer edge of
the panel and ‘hinging the panel aft, the wires being long enough to permit this. The nuts
for these screws are anchor elastic-stop-nuts. The main electrical panel is attached with
Dzus fasteners which permits access to instrument side of panel. An access door is also

provided on the front side of this compartment.

The landing and navigation light conductors are continucus from the landing light
boxes to the engine nacelle box. Before removing an outer wing, the wires should be dis-
connected at the nacelle box, the splice union at the wing gap disconnected, and the wires
pulled through from the englne nacelle into the gap between the wings. It is not necessary
to remove the lugs on the ends of the wires in order to pull them through this conduilt

which is short.

No wires should be withdrawn from an extremely long conduit without first re-
moving the lugs and attaching a fish wire to the conductor. Bome trouble may be experienced
in assembling new wires unless the above precaution ls taken., Non-metallic identification
tags numbered to agree with the Wiring Diagram are used throughout; and a wire marker legend
is attached inside each box cover. Therefore, when connecting up any wires in terminal
boxes such as at the engine nacelle, the wire should be placed on the post which corresponds

with the same number as the wire.

Care must be used in handling small dlameter conductors in terminal boxes in view
of the possibility of elther breaking the cable where it is soldered to the lug, or the lug
itself. Repeated breaks in the wire necessitate the replacement of the conductor,
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A gpare bulb box for the Instrument panel light bulbs is provided on the right
side of the fuselage near the pilot's instrument panel and in the rear cockpit on the
cable guard aft of the rear spar. The bulbs 1ln the rear cockpit may be replaced by un-
screwing the retainer cap on the rear face of the boards, pulling out the old bulb, and
inserting the new one. For access to bulbs in pilot's panel, remove instrument panels,

¢, Landing Gear Electrical System

The maintenance and operation of the landing gear electrical system 13 discussed
in Section IX,

D, Ignition

The magneto low tension leads are continuous except for Junctions in distribu-
tion panel and in each nacelle which will permit removal of the englne without disturbing
the entire length of wire. They are assembled separately shielded from other conductors.
A metal shielding box is provided over the ignition switch inside the electrical compart-

ment of the pilot's inatrument panel.

E. Generators and Voltage Regulstors

An Eclipse Type E-5 Generator is mounted on =ach engine. A Type A-1 Leece-
Neville Voltage Regulator for esach engine is inatalled in 2 shielded box located on the

left side of the fuselage in the bomber's compartment.

The generator output is 50 amperes each at 15 volts (rated voltage) at 2250 to
3750 r.p.m. A minimum speed of 2250 r.p.m. ig obtained at an engine sgpeed of 1500 r.p.m.
The control box limits the coperating voltage to 14.5 volts (max.) and the current to 55

smperes (maximum].

The purpose of voltage regulation is to control the voltage of the system under
conditions of variable load, changing speed, and differences in operating temperatures.
The voltage regulator slement is designed and made to accomplish this purpose and will do

so when correctly adjusted.

A voltage regulated generator charges the battery connected to 1t at a current
rate which corresponds to the state of charge of the battery, When the battery is in a
discharged condition, the charging rate will be high, and when the battery le fully
charged or nearly so, the charging rate in amperes will be low. This results because the
voltage of a regulated system approximates a constant potential., The voltage effective
in charging a battery is the difference between the applied charging voltage and the
counter or back voltage of the battery. When the battery is in a dlscharged condition,
this difference is comparatively great. As the battery charges, the voltage of the
battery increases, approaching the applied charging veltage and the difference between
the two diminishes, resulting in a tapering rate in amperes as the charge proceeds. Con-
tinuous charging of a discharged battery on a voltage regulated system will result in
the charging current decreasing to a low value as the battery becomes fully charged.

Voltage regulated systems operate automatically to protect batteries from over-
charging, and to charge at a high rate only when needed, lnsuring longer battery life and
efficient operation. Ancther function of controlling the voltage is to provide a sultable
gsource ol electrical energy for the operation of radio apparatus.
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The generator current output also depends upon the external load in use. The
voltmeter mounted on the electrical panel on the left side of the pilot's cockpit is con-
nected to a double contact switch so that the controlled voltage being supplied by either
generator can be read. The voltmeter should show 1k.6 volts with either generator opera-
ting. Two ammeters are provided in the electrical panel, one for each generator.

When the engine speed decreases gufficiently to allow the generator voltage to
drop below 13.5 volts, the generator control box automatically disconnects the battery
from the generator circuit, thus preventing tne discharging of the battery through the
generator when the latter is at rest or operating at a speed below that required for bat-
tery charging. The control box also limits the current output of the generators to 55

amperes to prevent overheating under too large a load.

Complete instructions covering the Generstor Voltage Regulator Control Unit are
printed by the Leece-Neville Company of Cleveland, Ohio, A copy is furnished with the
accessory bulletins accompanyling each alrplane.

CAUTTION: The generators do not delliver a fixed amount of current. The output
depends upon the condition of the battery and the external load in use. It 1s extremsly
important that no attempt be made to adjust the control box units so that the generator
will deliver a certain amount of current as damage will result. Let the current be what
it may, and adjust for voltage only by turning the adjusting ratchet wheel to the right
to lncrease the voltage and to the left to decrease the voltage. The voltmeter should
record a voltage of 14.4 to 14.6 volts with the engines running at about 1500 r.p.m. and
the battery disconnected. (A piece of clean paper placed between the contacts of the
reverse current relay may be employed instead of disconnecting the battery).

F. Curtiss Propeller Installation

A detailed description of the propeller and its component partse is contained in
the Installation and Maintenance Instructions for Curtiss Constant Speed Propellers, which

accompanies each alrplane.

A description of the installation in the airplane is given in paragraph K, Sec-
tion X (Maint. Manual). The electric wiring installation is shown on the Simplified

Electric Wiring Diagram, Figure 67.

The operating instructions are given in paragraph P, Section II-A, (Maint. Man-
ual) and in the Pilot's Manual. :

G. Bonding

All airplane parts which do not make good electrical contact with the airplane
structure are bonded to the nearest main metal part of the airplane structure. Bondings
provide a good electrical connection between parts, the resistance of which is approxi-
mately the same as that which would exist if both connectors were an integral part., The
resistance of bonds used throughout the airplane does not exceed .004 ohms.

It is necessary in making bonds that the metal parts be free of protective coat
ing or finish except that of metal plating, before the parts are Joined. After the bond
is made, a protective coating should be applied to the structural members.

Bonds may be made either by soldering, bolting, or clamping, soldering being pre-
Terred, Resin flux should be used for soldering in all cases except where steel members
are involved. When renewing bonds, braid woven from 120 strands of No. 25 tinned copper
wire should be used. The ends of the braid in which a hole is to be made for making con-
nections should be dipped in solder to prevent fraying of the strands.
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It is extremely important that all bonds be securely replaced against clean sur-
faces after the installation of any bonded parts that were removed.

H., Batteries

The two batteries provided are located in the engine nacelles and are rigidly
supported by brackets bolted to the front wing beam. Each battery is contained in an
acid proof case which is drained through a rubber tube contained in a metal conduit, so
installed as to permit the escape of acid and gas. Whenever the battery is removed, the
drain tube should be inspected and blown clearn.

Keep the battery container and surrounding structure painted with acid proof
paint as required. Cleaning the battery and case with a solution of ammonia or of baking
soda (in the proportions of one pound of soda to 1 gallon of water), then rinse with
water and dry. Do not allow the solution to enter the battery cells.

The bhattery terminals may be kept clean and free from corrosive action by apply-
ing a thin cocat of vaseline or No-0X-Id grease. Insapection should be made at approxi-
mately two week intervals and if necessary, add distilled water to the cells.

Additlonal instructions covering the Installation and Operation of Exide Bat-
teries are furnished with the accessory bulletins.

I. Carburetor Mixture Thermometer

The Weston Resistance Type Thermometers used to indicate the mixture air temper-
ature in each carburetor consists essentially of an indicator, resistance bulb, and inter-
connecting wiring. The two indicators are installed on the right side of the torque tube
above the rudder (Figure UA), The indicators are suitably calibrated and adjusted for use
with the copper-constantan thermocouples installed in the carburetor. The adjustment al-
lows for an external circuit resigtance of 2,00 ohms which includes the thermocouple and
leads., The indicator is self-compensated for changes in cold-end temperature and cor-
rections do not have to be applied for variations of panel temperature. The indicator

scales are calibrated in degrees centigrade.

WARNING: To prevent damaging the indicator, it is very important that the posi-
tive lead to ths resistance bulb be connected; or that the indicator circuit is discon-
nected in the junction box located in the upper left side of the fuselage, forward of the
pilot's instrument panel. This applies to any condition where it is necessary to close

the battery cutout switch.

When installing the resistance bulb, clean the threads on the mounting outlet
and add a drop of olil. Thread the resistor bulb into the outlet and make certain the plug
connector end is protected from oil or water seapage. If an accumulation of seapage is
allowed between the plug connections, it will shunt out part of the bulb resistance and

regsult in an error in indication.

J. Oxygen System

The electrical conduit containing wires for connecting the oxygen equipment are
installed in the fuselage. The wire connectors are shown on the Simplified Electrical
Wiring Diagram, Figure 67A. The position of the equipment is shown in Figure 66.

Ingtructions for the systems consist of installing the equipment on the brackets
provided and making the proper connections, referring to the drawings.
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SECTION XTX-A

ELECTRICAL BOMB RELEASES

A, General

The internal and the external bomb release systems installed in these
airplanes are each independently operated. Separate electrical and mechanical
controls are provided for each system; the release switches however are installed
on the same box. See Figure 60. The bomber's mechanical controls are shown in
Figure 60A. The pilot's emergency controls are shown in Figure 5.

The electrical release system for the internal rackes consists of the fol-
lowing equipment:

1. FUSE PANEL for supplying power to the electrical equipment.

2. INDICATOR LIGHT PANEL giving the bomber a visual indication of the
bomb statlons that are cocked and released.

5. Bomber's SWITCH PANEL for releasing bombs.
I, A BOMB SIGHT and mechanism for directing the pilot's course.

A PILOT DIRECTOR mounted on the pilot's instrument panel.

\Ji

A RELAY for operating the bomb releass circuits.

O

7. Nine SPECTAL SWITCHES and SOLENOIDS for operating a 9-station bomb rack,

The installation of this equipment ie shown in Figures 58 through 60.
Complevs information on wire connsctlons is shown on the Installation-Bomb Relsass-
Elsctrical drawing (see Appendix III). A simplified wiring dlagram for this system
is shown in Figure O7A.

A complete gystem of conduits and Jjunction boxes is provided to shiesld
all interconnscting wires, fuses, terminals, etc., axcept short leads to solenoids
and leads to ths Pilot Director handle. All conduits are bonded to the structurs
of the airplane in accordance with U. S. Army Air Corps Specifications.

The external bomb rack controls are described in paragraphs F and G,

B, Description - Internal Racks

1. Fuse Panel

e e e

Thne fuss panel is located in the bomber's compartment on ths left-hand
side of the airplans aft of the machine gun turret. This panel contains a 100-
ampere fuse in the positive supply lead to the electrical bomb release equipment
and a S-ampere fuse for the iadicator lights on the bomber's indicator panel. A
spars S5-ampsrs fuse is located on the forward end of the box inside of the pansl.
A spare 100-ampere fuss 1s located outsids on top of the panel.

2. Bomberig Switch Panel

This panel is located 1u the bomber's compariment on the right-hand side of
It ig located convenlently for operation of the varlious switches whicnh
This panel contains the following eguipment:

the sirplanes.
control the releasing of bombsa,

a, A wasrer gwiten coatrolling all tha slecirical bomb releagse eguipment.
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. 4 push button for relessing bombs.

¢. A throw-over switch for costroliing bomb releasing (train or
aelective).

d. Termlnal blocks for electirical wiring interconnections.

3. Tndicator Light Panel

This purnel i3 located in the nose of the alrplane in full view of
the bomber wher the latter 1is at his statior during bombing operations.
This panel contalns the foliowlng equipment:

4. Five green lights corresponding to the 5 bomb stations on the
left-nand aide of the airplarne.

b. Four red lights correspornding to the 4 bomb stations on the
right-hand side of the airplane.

c. A awiteh for suppiylog power to the indicator lights.

d. A test switch for teasting the indicator lighta without loading
the bomb racks.

e. A perforuted cover for masking the indicator lights at night.
. A gpare bulb and lamp extractor compartment.
g. Terminal blocks for electrical wiring interconnections.

4-5, Bomb Sight and Pilot Director (This equipment furnished and
inatalled by the airplane purchaser.)

Electric wiring 1is installed in the airplane between the switch
panel and the main instrument panel for the installation of the Pilot Direc-
tor, Provision is made for mounting the Bomb Sight in the bomber's compart-
ment (see paragraph D, Section XV). A switch ls provided on the left-hand
side of the bomber'a compartment for switching the Pilot Director "On" and
“Off“ .

6. Bomb Release Relay

This unit is located on the right-hand side of the airplane aft
of the bomb release switch-box. This relay closes the main bomb-release
circuits when it is energized by pressing the push-button located on the
bomb release switch panel, or when the bomb sight automatic switch is io

operation.

7. Bomb Rack Switches and Solenoids (See Flgure 67~-A)

The bomb racks furnished with this airplane have been modified
for electrical "train" and gelective releasing of bomba. The electrical
equipmernt at a typical station conslsta of the following:

a, A solenoid for tripping the bomb release mechaniam.
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b, A switch, whose function is as follows:
1) Energize the solenoid, thereby releasing a bomb

.2) Break the circuit which energizes the indicator lamps
843 long 43 4 bomb dia iz pluce.

3) Extend the solencid energizing circuit to the next bomb
station.

{4) Bridge the solenoid energizing circuits at all unloaded
bomp atutiors, '

These swltches are shielded in a housing attached to the forward
side of the frost rails of esch rack. A hinged cover is provided on the
hoasing and 13 secured by trunk-type latches (Figures 58 and 59). Access
tuo the sw«itches is ovtaired by swinging back the: cover.

The solerolds are encased in a housing forming a part of the
mechanical bomb relesse mechanlsm, These solenolds cannct operate unleas
the bomber's wmech:.icul bomb release handle is in thé "Selective" position.

O. Operzation of Electrical Bomb Release Syatem

1. Install one 100-amp. fuse and one 5-amp. fuse in the fuse panel
for the bomb release system.

2. Turn the bomb .ndicator light switch to the "On" position.

3. Turn the indicator light test switch to the "Test" poasition.
All lamps should light up. Replace defective lamps if necessary, using
the lamp extractor provided in the spare bulb compartment.

4. Return indicator light test switch to "Off" position.

5. Load bomb racks. An indicator lamp will be lighted for each
cocked bomb station. These indicator lamps can be switched off after load--
ing the bombs into the airplane and switched on again during actual bombing
operation. The bomb release mechanisms at unloaded stations should not be
cocked since this will give a wrong indication of loaded stations on the
bomb indicator light panel. The electrical bomb releasing system will
operate with any combination of loaded stations.

6. Set "Train"-"Selective" switch in either the "Train" or "Selec-
‘tive" poasition.

7. Turn the bomb release master control awitch to the "On" position.

8. Set the control handle in the bomber's compartment to the "Selec-
tive" position. This handle locks the solenoids in the "Locked" position and
releases all the bombs at once in the "Salvo" position. The "Selective' posi-
tion is used for electrical operation of the bomb racks.

9. For manual operation of the bomb release system, press the push
button on the bomb release switch panel. If the "Train'"-"Selective" is in
the "Selective" position, one bomb is released. The push button must be
allowed to return before another station can be released. If the "Train"-
"Selector" switch is in the "Train" position, ail the bomb stations are
released successively in "Train.’



10. The izdisut

or lawp for o particular cocked station will go out
43 Sovn a3 that o 5 i

j releassd.

L1, The detall cperstion of the switches on the bomb racks is shown
on the Simplified wWiricg Diagrus, Figure 67-A. This diagram shows the
axitches, asclerolds, 1.4 bomb relesase devices throughout the complete cycle
i, either the "Tr.is" or "selective" operation of the electrical bomb release
mechqod s,

D. Adjustue.ts

A sanple bowub rack switch, solenoid, and tripping mechanism was
Legated 4t the Glesn L. Martin Co, 2000 consecutive times without showing
any aigngs of wear, src pitting, or elorngatlon of holes. The electrical
relesis mechaciym a3 installed at the factory should not ordinarily require
ury arther adjusunents. However, if adjustments are neceassary, the follow-
irg procedure 13 recommended:

Referring to Figure 67-A,
1. Set mechenism for releasing.

2. Note the amount by which the brass bushing projects beyond
contacts "A" and "C".

3. Release mechanism electrically or by hand.

. Note the amount by which the brass bushing projects beyond

contacts "B" and "H".

5. The amounts in paragraphs 2 and L} should be equal. If they
are not, remove and add dufficient washers under the last insulating bushing

to bring sbout equality.
6. Reset mechanism for releasing.

7. Note the amount by which the brass bushing projects beyond
contactas "D" and "F".

8. Releage mechanism electrically or by hand.
9. Note the amount by which the brass bushing projects beyond
contacts "F" and "E". :

10. The amounts noted in paragraphs 7 and 9 should be equal.
If they are not, remove or add sufficient washers under the last Insulating
bughing to brirng sbout eguality.

11. The metallic and insulating bushings should be removed in
order to inspect the phosphor-bronze spring contacts. '

By Legends

Legends are located in all junction boxes, panels, and switch guards
to facilitate the removal and re-installation of wires and units without the
necesaity of consulting the wiring diagram,
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SIMPLIFIED WIRING DIAGRAM - INTERNAL BOMB RACK
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F., Description - External Racks

The fuses contained in the panel on the left side of the fuselage are used
in the external system. In addition to the internal rack switch controls, the bomb-
er’'s gwitch panel containg:

1. Two, 2-position toggle switches for energlzing the circuit to each ex-
ternal bomb rack.

2. An ipdicator lamp for each rack - covered by a slide to dim the light.
3. A two position aswitch for operating the indicator circuit.

L. A test switch for checking which rack is loaded by means of the indi-
cator.

5. Switches and Sclenoids

The left and right external release switches are wired 1n series with
the master switch and the push-button switch for the bomb release relay. Operation
of either rack solenoid is accomplished after the master switch is closed, and by
pregsing the push-button switch.

Note: To prevent inadvertent electric release of the rack solenoid,
a Spring loaded locking pin is provided in the rack mechanism adjacent to the sole-
noid, Control of this lock is provided the bomber with a handle located on the
right side of the fuselage. This lock is in addition to the master switch which
also prevents the racks from operating if it 1s in the off position. With the
mechanical lock closed, the bomb switches for the external rack should not be held
closed as there is danger of burning out the solenocid.

The external racks are equipped with a solencid which trips both
large and small hooks in the rack simultaneously if both sets are cocked. A cable
attached to the solenoid cocking lever closes the indicator light switch at the
solenoid when it is cocked. The circuit to the indicator lamp is not closed until

the toggle switch on the bomber's panel is operated.

G. Operation of the External Release System

1. Install one 100-amp. fuse and one S5-amp. fuse in the fuse panel for the
bomb release system.

2. Turn the bomb indicator light switch to the "ON" poaition.

3. Turn the indicator light switch to the "Test" position. The corres-
ponding lamp for the solenold cocked should light. Replace defective lamps if nec-
eggsary, using the lamp extractor provided in the spare buldb compartment in the in-

ternal rack indicator,

4, Return indicator light test switch to the "OFF" position.

5. Be sure the rack locking handle in the bomber's compartment is in the
off or "SAFE" position.

6. Load the bomb racks as described in Section XV, paragraph X.
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7. Just prior to actual bomb release, move the locking handle to the "ARM"
pogition. THIS IS IMPORTANT.

8. Set the external rack switch for the bomb to be released to "ON."

Place the bomb release master switch in the "ON" position.

\D

10. Release the bomb by pressing on the button switch.

11. Both external racks can be released simultaneously together with the
internal racks to salvo all bombs that may be carried on the racks. To electrically
galvo all racks the two external rack switches must be "ON" and the internal rack
switch must be placed at "TRAIN." Pressing the release switch closes the circuit to

all the rack solernoids.
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SECTION XX

RADIO

A, General

Provision is made in this airplane for the installation of radio equip-
ment manufactured by the Nederlandsche Seintoestellen Fabrick (NSF) Co., Hilversum,
Holland. This equipment will consist of a two-way communication set for telephone
or telegraph, a radio compass for bearing direction and direction finding, and =
five atation interphone system.

The installation of this equipment is shown in Figure T70. Complete in-
formation on interconnections 1s given in the Radioc Installation Wiring drawing

listed in Appendix ITT.

A complete and separate system of conduits and Jjunction boxes is provided
for the radio to shield all interconnecting cables, wires, fuses, terminals, etec.
Flexible conduits are fitted to units which are mounted on vibration shock absor-
bers and to other units in order to facilitate their removal from the airplane. All
conduits are bonded to the structure of the airplane in accordance with U. S. Army

Alr Corps Specifications.

B. Operation

The radio operator has complete control of the communication, radio-com-
rass, and interphone equipment. The communication receiver, transmitter, radio-
compags receiver, and interphone amplifier are located in the radio compartment.

C. DPower Supply

The radic and interphone equipment is supplied with power from the 12-
volt electrical system. A 100-ampere fuse is inserted in the main positive supply
lead, in a Jjunction box located on the left-hand side of the airplane in back of
the pilot. Other fuses are Integral with varicus radio units.

D. Communication Equipment

This equipment consists of the following units:

1. Dynamotor "E"
2. Junction Box "B"

3. Transmitter "A"

L. Telegraph Key "D"

5. Junction Box "C"

6. Combined Receivers "F"

?- Dynamot.or nsn

1. Dynamotor "E’

This unit supplies the low and high voltages required to operate
the transmitter. It is located on top of the wing center section back of the
pilot, and is connected to the electrical and radlo systems by means of two
flexible conduits. One of these flexible conduits is connected to a Jjunction

box ("Y") located near the dynamotor, contalning the 12-volt positive and
negative supply leads to the dynamotor. The other flexible conduit is connected
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to = rigld conduit which leads to the transmitter, The flexible conduits
terminate at plugs which fit icto sockets mounted on the dynamotor. This
undt conbalns fuses which are reudily accessible by means of a hinged door
locuted above the pluga.

. Juuctior Box "B"

This jurctior box is located in the radio compartment on the right-
hurd side of the uirplune near the transmitter, and serves as a disconnect
point for the trasamitver-dynamotor connections., It is connected to the
dysumotor by weass of o rigid conduit and to the transmitter by means of a
flexible cocdait w.d plug, The plug is located on the bottom side of the

box.

3, Trucamitter "A"

, This unit is located in the radio compartment on top of the wing
center section in front of the radio operator. It is suspended from the
structure of the airplane by means of rubber shock cords and is connected
to the rest of the radio equipment by means of three plug-ended flexible
conduits. The first flexible conduit connects the transmitter to the
dynamotor at Junction box "B". The second flexible conduit terminates at
the telegraph key. The third flexible conduit connects the transmitter to
the interphone system at Jjunction box "J". '

L. Telegraph Key "D"

5. Junction Box ngn

The telegraph key is located on top of the radio operator's chart
table.

Junction box "C" is located in the radio compartment on the right-
hand side of the airplane near the transmitter and serves a3 a disconnect
point for the transmitter-interphone connections,

6. Combined Receivers "F"

The communication and radio-compass receivers are combined into a
single unit located in the radio compartment on the left-hand side of the
airplane. The lower half contains the communication receiving equipment,
The receivers are mounted on vibration shock absorbers and are easily
reached for tuning, adjusting volume control, etc.

The communication receiver is connected to the transmitter by
means of a plug-ended coaxial cable. A plug-ended flexible cable connects
the receiver to the reat of the radio equipment at junction box "dJ".

mnoan

T. Dynamotor "S

This dynamotor is located on the left-hand side of the airplane in
the aft end of the radio compartment and furnishes plate voltage to the re-
celver., ©Snap fasteners and a plug-ended flexible conduit allow this unit
to be guickly removed for servicing. Voltage filtering units and a guickly
replaceable fuge are integral parts of this unit.
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E. Junction Box "J"

This Jjunctlon box s3erves as a main distribution point for all
intercorntections between the commuriication, radio-compass, and interphone
equipment. It is located on the left-hand s3ide of the airplane in the
radio compartmert and is easily reached for disconnecting the receivers,
the interphore umplifier, etc.

F. Radio Compass Egquipment

This equipment consists of the followlng units:

Dynamotor "T".

Receiver "F",

Loop "X".

Loop rotator "V".

. Neon Tube Box "G".

. Indicator-Pilot's.

7. Indicator-Radio Operator's,

OV Ei v

1. Dynamotor it

This unit 1s located on the left-hand side of the airplane
4ft of dynamotor "S", Both dynamotors "S" and "T" are identical and are
mounted on the same bracket.

Dynamotor "T" furnishes plate voltage to the radio compass
receiver,

2., Receiver "F"

The radio-compass receiver occupies the upper half of combined
communication-and-radio-compass-receivers "F."

The radio-compassa receiver is connected to the loop by means
of two plug-ended coaxial cables. A plug-ended flexible cable connects the
receiver to the rest of the radio equipment at junction box "J".

%. Loop "X"
The loop is rotatable and is mounted on top of the fuselage
forward of the radio operator and aft of the radio mast. The base is cali-

brated in degrees and a vernler attachment gives an accurate reading of the
angle which the plane of the loop makes with the line of flight.

L. Loop Rotator "V"

This unit is located on the right-hand side of the alrplane in
the radio compartment within easy reach of the radio operator. It is con-
nected to the loup by means of a flexible drive shaft.

5. Neon Tube Box "G"

This unit is located in the radio compartment on the left-hand
gide of the airplane ard serves as a by-pass for radio frequency currents
induced in the radio compasa receiver antenna lead-in when the transmitter
is in operation. It is connected on the forward side to the anterna mast
by & heavily-insulated wire mounted on stand-off insulatora. The aft side
of the u:it i3 connected to the radio compass receiver by means of a
coaxial cable.
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6. Radio Compass Indicator (Pilot)

7. Radio Compass Indicator (Radio Operator)

The pilot's indicator is located on his Instrument panel near the flight
ingtruments. The radlo operator's indicator is mounted in & box eguipped with
vibration shock absorbers and is located in full view of the radio operator when

geated at his station.

G. Radio Interphone Equipment

The interphone system will be a 5 station system which operates in. con-
Junction with the radio equipment. Each station consists of a jack-box containing
a microphone Jack, a headset jack, and a volumn control. A signal light for at-
tracting the crew members' attention is provided at the Jjack box with a push button
for calling the radioc operator.

The radioc operator's interphone system is not complete on the Glenn L.
Martin drawing but will be shown on the N.S.F. drawing. The connection of the
interphone controls with the airplane eguipment is, however, provided for.

The bomber's signal button and light are installed on the instrument
panel as shown in Figure 60. The radlio interphone system consists of the follow-

ing units indicated on the radio diagram, Figure TO.

Interphone Amplifier "H"
Jack Box "N" (Bomber)

Jack Box "O" (Pilot)

Jack Box '"M" (Commander)
Jack Box "L" (Rear Gunner)

M=o

1. Interphone Amplifier "H"

This unit is located on the left hand side of the ailrplane in the radio
compartment and furnishes power to the 4 interphone jack boxes. It 1is connected to
the radio equipment at junction box "J" by means of a flexible plug-ended conduit.
The amplifier is equipped with Jjacks, volume control, etc., and serves as a.jack box

for the Radio Operator.

2. Jack Box "N" (Bomber)

3. Jack Box "0" (Pilot)

i, Jack Box "M" (Commander)

5. Jack Box "L" (Rear Gunner)

The Bomber's jack box is located on the left-hand side of the Bomber's
compartment. The Pilot's jack box iz mounted on the control column. The Command-
er's jack box is located to the right of the Opsrator, aft of the Radio Operator.
The Rear Gunner's Jack box is mounted on the rear control column.
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H. Antenna Syatem

The antenna for the communication radlio equipment consists of two longil-
tudinal wires located approximately 6 feet above the fuselage, running from a mast
located approximately 24" shead of the radio-compass loop to a fitting on the ver-
tical stabilizer. The wires are maintained 5 inches apart in a horizontal plane by
means of a spreader bar located on top of the mast and on top of the vertical sta-
bilizer. The wires are insulated at each end by means of strain insulators and are
connected together at the forward end only. Rubber shock cords at both ends of each
wire maintain an even tension in the wires. The antenna lead-in wire drops from the
forward end of .the antenna to a lead-in Insulator located con the left-hand silde of

the alrplane.

The metal mast is insulated from the antenna system and from the fuselage
and serves as the non-directional antenna required for the radio-compass equipment.

Provisions have been made for the instgllation of a transverse anterma
congisting of a wire running from one wing tip over the mast to the other wing tip.
Bach wing tip is equipped with a chafing block on the top surface through which the
trangverse antenna may be threaded. A hook is located inside the wing for attaching

the ernds of the antenna.
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SECTION XXT

INSTRUMENT INSTALLATTION

Descriptive List

Instruments are mounted on panels as follows:

1. Pilot's Cockpit (See Fig. LA)

(a) Electrical Group

(c)

WO HMHEMDMH

a0 e )

2

Switch-Ignition, Scintilla Type AS-12027Z

Switch-Voltmeter, Cutler Hammer #8210

Switch-Ammeter, Westinghouse Type N.J.P., Style #70403%
Switch-Landing Lights, Cutler Hammer #8201K1

Switch-Running Lights, Cutler Hammer #8208

Switch-Airspeed Pitot Heater, Cutler Hammer #8201K1
Switch-Starting, Eclipse M-2609, Dwg. C-20943

Tachometer Indicators-Weston Model 545  with Tachometer Generator
Weston 724-B

Ammeters-Weaton Model 506

Voltmeter-Weston Model 506; 0-20 Volts

Rheostat-Instrument Panel Lights, Model J-#0309 - with tapered
winding (Ohmite)

Rheostat-Compass and Nacelle Panel Lights, 50 Ohm-with snap switch
(Yaxley)

Switch-Curtiss Propeller' for "Manual-Automatic" Operation,
Cutler Hammer #8201K1

Switch-Curtisa Propeller; for "Increase-Decrease" Control, Cutler
Hammer #8212

Switch, Safety-Curtiss Propeller, General Electric #GB130

Flight Group

Airspeed Indicator (Special-Pilot only) Kollsman Type 157-097

Altimeter Kollsman Type 134B-031
Bank and Turn Indicator Pioneer Type A-385-E
Compass (Magnetic) Kollsman Type 58-BL
Clock Kollsman Type 133-01
Rate of Climb Indicator Kollsman Type 16L-08
Thermometer (Air) Kollsman Type 95-01
Synchroscope Eclipse Type M-3254
Miscellaneous

Fuel Quantity Gauge Liguidometer #AC-147
Switch Assembly, selector Liquidometer EA-LOB
- Primer Parker #4051, Type A
Directional Gyro Control Unit Sperry #64186€

Bank and Turn Gyro Control Unit Sperry #6L41865
Mounting Unit (on pilot's instrument -

panel) Sperry #6u431LL
Speed Control Valve Sperry #641843

011 Pressure Gauge Sperry #150003
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(¢) Miscellaneous (continued)

Manifold Block Sperry #88908
Vacuum Relief Valve Sperry # 412140
Manifold Pressure Gauge Kollsman Type 62-03
Fuel/Air Ratio Tndicator Dual Dial Cambridge $.0, 5h2uk
Fuel Pressure Warning Unit Pioneer Type 1173

2, Bomber's Cockplt

Airspeed Indicstor Kollsman Type 157-03
Air Thermometer Kollsman Type 95-01
Altimeter Kollsman Type 134B-031
Compass-Magnetic Kolleman Type 58-BL
Clock Kollsman Type 133-01
Switch Assembly, Utility, Panel Lights Cutler Hammer #8201K1
Switch, Airspeed Pitct Heater Cutler Hammer #2201K1

3. Co-Pllot's Cockpit

Adrapeed Indicator Kollaman Type 157-03
Altimeter Kollsman Type 134B-031
Compass (Magnetic) Kollsman Type 58-BL
Clock Kellsman Type 133-01
Turn and Bank Indicator Pioneer Type A-385-E
Rate of Climb Indicator Kollsman Type 164-08

Switch Assembly, Utility, Panel Lights Cutler Hammer #83201K1

4, Engine Nacelles

Fuel Pressuvure Gauvge Kollsman Type 130-03
0il Prezsure Gauge Kollsman Type 131-05
0il Temperature Gauge Kollsman Type 30-04

Thermocouple (Engine Temperature) Gauge Weaton 602, Type 43

B, Air Speed Heads (Kollsman Type 171-B)

An airspeed head is mounted on the right-hand wing for the pilot's in-
dicator and one on the left-hand wing for the bomber's and copilot's instruments.
The rear inatruments may be drained at the rear of the boumb bay by removing a plug
in the "Tee" fitting. A similar fitting at the front wing spar dralns the line to
the pilot's instruments. One gwitch on the pilot's switch panel and one on the
bomber's instrument panel is provided to close the heater circuits to the heads.
They should be "ON" in flight if ice conditions are prevalent but should be turned

"OFF" when not needed.

C. TInstrument Panels

The instrument panels are mounted with '"Lord" rubber shock mounts and all
are indirectly lighted. The pilots' panel conslsts of a deep box to the face of
which are fastened the individual sub-panels containing the ilnstruments. These sub-
panels are attached by means of "Dzus" flush-type fasteners to facilitate removal.
The other panels are sub-pasnels to which the Instruments are bolted. A cover panel
for reflecting light onto the instruments is provided. The "Acorn” nuts and lamp
socket covers must be removed to gain access to the instrument mounting screws. The
pilots' panel box is removed by disassembling the ghock absorber units and removing

the rudder support tube.
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Clear lamps are used in the pilot's panel and the engine nacelle panels.

Use 12-16 volt, 6 C.P., "G-6", clear, bayonet candelabra base, double contact lamg
wvhen it is necessary to replace the lamps in the pilot's panel and use 12-16 volt,
3 ¢.P.,, "G-6", clear, bayonet candelabra base, double contact lamp when it is nec-

essary to replace the lamps in the nacelle panels. (NOTE: Two light assemblies
with clear 3 C.P. lamps are provided for the purpose of lighting the gyro instru-
ments that are installed in place of the automatic pilot panel on scme models. The
automatic pilot has built-in lighting).

The lamps for the electrical panel in the pilot's cockpit, the emergency
pilot's panel, and the bomber's panel are green. When replacements are necessary,
uge 12-16 volt, 2 C.P., "T-4i", green, bayonet candelabra base, double contact
lamp. Spare lamps for the pilot's instrument panel are carried in a small box on

the right side of the pilot's cockpit.

D. Vacuum System

1. General

The pilot's turn and bank indicator and the Sperry Gyronilot. and the
co-pilot's turn and bank indicator are all operated by two vacuum pumps, one loca-
ted on each engine. The pumps are attached to the engines by means of special
mounting pads which are provided with an ,0UO diameter orifice in the base fitting
for internally lubricating the pumps. The installation of the vacuum pump and its
relief valve is shown in Figure 654. The discharge from the vacuum pump is ex-
hausted overboard through a draln tube also shown in the above Figure. It 1s
gssential that the drain line be kept open at all times.

The vacuum linea from both pumps are connected to a selector valve loca-
ted on the lower left corner of the auxiliary control panel at the pilot's right
(see Fig. L4A). An emergency suction relief valve adjacent to each pump prevents
excessive loads on the pump. A check valve is provided in each line between the
pump and selector valve to maintain suction if either pump should fail, and also to
protect the delicate gyroscopic instruments from pressure lubricating oil which may
back up into the line in case of failure of a vacuum pump. As an additional pre-
caution, the selector valve provides a positive shut-off in the line to the in-
operative pump. This valve should be turned to "Both On" except in the case of a

pump failure.

The pilot's gyro instruments and the turn and bank indlcator are connec-
ted to the selector valve through a relief valve which is located on the panel at
the right side of the pilot's cockpit. A suction gavge is provided on the panel
adjacent to the bank and climb gyro and is connected to the gupply line. The de-
gired vacvum reading at this gauge is 4 inches (10 ecm.) of mercury. It should not
be less than 3 inches or more than 5 inches. The vacuum is adjuated at the relief
valve adjacent to the instruments. The engines should be run gt 1100 ».p.m, to
make thia adjustment. The vacuum pump relief valves al the engines are adjusted t
maximum output by screwing the adjusting nut out. The rellef valve in the pileot's
gsection is adjusted to maximum cutput by turning the adjusting screw in.

Adjusting the vacuvm is described under "Vacuum System", paragraph J-3,
Section XVIIIL,
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2. Turn snd Bank Indicators

The pilot's and copilot's turn and bank indicators are installed with a
special nipple No. 127300 in the fitting adjacent to the instrument. A small ori-
fice is drilled through the restriction in the nipple to provide 2 to 2% inches of
suctlon. This orifice varies with each instrument. It is recommended that the
nipple assembly be kept intact with the indicator if replacements are made.

Since the instrument is calibrated for a pressure difference of two
inches of mercury, it is advisable after every installation to check the suction
by means of a suitable vacuum gauge sttachéd to the connecting tee. A pipe plug
is provided in the tee for this purpose. The engines should be run at 1100 R.P.M,

for the clieck.

T da important that the line be thoroughly cleaned by blowing through
after any additional regulation of the crifice. The line must he dizconnected
between the relief valve and the indicator when cleaning.

Caution: NEVER BLOW INTO ANY VACUUM INSTRUMENT.

5. Adrspeed Indicator

The pilots' airspeed indicator (Kollsman Type 157-097) 1s especlally
calibrated to read accurstely with the pitot head inatallstion on the right hand
wing., Since the accuracy of the airapeed reading depends upon the location of the
head it should be noted that the indicator will not read correctly if changed to
operate from a head located in a different position. For the ssme reason, the in-
dicator cannot be used in another airplane.

E. Maintenance

The instrument lines may be identified by referring to the chart in para-
graph E, Section II-B. Drain plugs are provided at the lowest point in the neces-
sary places for removing condensate. Bresze "Aeroflex" type hose iz used to con-
nect the pipe lines to the instruments thereby reducing the possibility of failure
at the instrument connection. These points should be kept tight, but need not be
checked except when the instrument reads faulty or at overhaul periods.

Tnstruments should be calibrated at regular periods in sccordance with
standard practices, and the lines checked for leakage if the readings are not cor-
rect. Check the operation of the electrically heated pitot heads particularly dur-
ing opsration in ice forming weather to be sure the heater elements are not burned

out.
Additional maintenance of instruments consiats of keeping the pipe line
clamps secure, replacing burned out lamps, and of keeping the dials and crystals

tight. See the list of instruments bulletins in Appendix IT for further checks.
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SECTION XXITI

INSPECTION PROCEDURE

A, General

A conacientious adherence to the following inapection instruc-
tions should assure long and satisfactory service from this airplane. The
miscelianeous accessory bocklets mentioned should be studied for detail
inspection procedure, and such inatructions as are neceasary should be
included with these lists covering Pre-Flight, Daily, 20 hour aad 40 hour
inspection.

It should be noted that many items contained in the folliowing
ingtructions can not be thoroughly inspected without disassembly and that
a visual inaspection only of such parts will be posaible during Pre-Flight
and Daily Inspection. Where a more complete inspection is required,
mentior iz made herein, or in the bulletins covering accessory equipment.
In any cuse where the malfuntioning of any item is apparent during ground
testing or flight, a complete inspection should be made before the alrplane
is again flown, Disassembly of instruments 1s generally prohibited unless
gpecific orders to the contrary are given by the Officer in Charge, and
where specially-trained mechanics are available for such work.

Whenever possible, the daily inspection should be accomplished
immediately after the last flight for any one day, particularly in cornec-
tion with refueling since filled fuel tanks are safer than partislly-
filied tarks. Refueling should be done out-of-doors after attaching
"grounding wires" to the fuselage structure. Suitable fire extinguisher
equipment should always be available.

Detailed instructions for starting, warming up, and stopping the
engines are contailned in Section IT A of this manual and in the Pilot's
Manual. TInstructions should be closely adhered to by any personnel operat-
ing the engines on the ground since any deviation therefrom may cause
conaiderable damage to the airplane and its accessories.

Notes on the heatiﬁg of 01l and on the use of starters during
extreme cold weather are contained in paragraph "C'" of the Pilot's Manual.

At the termination of flying for any one day or on return to the
hangsr on completion of a cross-country flight, check the log books for
airplane and engine for trouble notes in order that any malfunction of
parts be remedied before the next flight.

B. Pre-Flight Tnspection

Make a visual inspection of the airplane to ascertain the normal
condition of the landing gear, engine and nacelle cowling, radio antennse,
conditiona of wing tail, and flight control surfaces, cleanliness of wind-
shields, and security of doors and similar parts. Test the complete opera-
tion of all flight controls to see that they operate freely. Inspect the
interlor of the fuselage to see that nothing 1s left louse that 1s apt to
Jjam the coritrols. Test the operation of the wheel brakes and flap controls.
Operate the bomb doors and the cockpit enclosures to see that they function
properly. See that the fire extinguishers, flight report forms, log bocks,
and data cards are in place. Check the guantities of fuel and oil in tanks

and see that the caps and drain fittings are secure, Make a visual inspec-
tion of these systems to note if there ia evidence of leakage outaide the
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airplane. Test the oxygen supply preasure (if system is installed).
Operate the engine cowl flaps and the carburetor pre-heater control.
Turn the propeller over by hand four revolutions before starting the
engines. See Pilot's Instructiona to start and warm up engines.

During engine warm-up, check the following (see Section IT-A
for instrument readings):

Switches - Lights, Generator, Starter, Magnetos and Propellers.

Ammeter (See Part S, Section II-A).

Voltmeter (See Part T, Section II-A).

Pressure Gauge - fuel and oil.

Tuel Quantity Gauge - switch to all tanks.

Thermometers.

Tachometers - operate propeller governor controls to check.

Clock - wind up (and set).

Altimeter - check barometric pressure with station instrument,

Fuel/Air Ratio Indicator - (See Section II-A, paragraph M, Pilot's
Instructions).

Automatic Pllot - (See Section I[-A, paragraph N, Pilot's Instruc-
tiona).

Teat the operation of all fuel valvez and see that they are properly
get for take-off. (See Section II-A, paragraph D, Pilot's Instruc-
tions).

Propeller Operation - (See Curtiss Installation and Maintenance
Instructions).

Supercharger Operation - (See Eclipse Bouklet).

Check through the items 1n paragraphs C, D, and E of the Pllot's
Instructions, checking off any not already inspected.

8 DATLY INSPECTION TWENTY HOUR INSPECTION | FORTY HOUR INSPECTION, ETC.
(See Airplane and Engine The Twenty Hour Inspec- | The Fourty Hour Inspection
Log Books for trouble tion shall include all | shall include all items in
notes on last flight.) items in the Pre-Flight | the foregolng inspections

and Daily checks and in | in addition to this column.
additlon shall include
the inspectilon procedure
in this column,

1. Fuselage

Check general condi- Inspect mechanilsms for |Make complete and rigid in-
tion and inspect for operating Bomb Bay gpection of condition.
bumps, tears, or cuts in doors. The vertical Thoroughly clean the inside
the metal covering. In- gscrew and parts of the | of the fuselage. Inspect all
spect for deformation of gplit-nut mechanism accessible parts for condi-
covering that might indi- should be olled every tion. Inspect for cracks
cate broken structural 20 hours with thread around Plastacelle windows,
members. Check internal Lubricant. (See chart Replace any damaged parts
bracing, longerons, and in Appendix IV.) with same material. Inspect
fittings, and the security bottom of fuselage for
of internal equipment. holes and cracks. Make re-
Check the operation of all pairs if necessary in
doors and the security of accordance with Appendix I.

access hole covers. Check
operation of nose turrest
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1. Fuselage (Cont.)

and the cockpit in-
closures, clean windows,
and repair if necessary.
Drain any accumulated
water and remove any
foreign items (such as
empty cartridge cases)
likely to Jjam the con-
trols.

2, Cockpits

Check the gereral con-|Make a complete and rigid

dition and cleanliness.

Operate guch controls as
can be safely operated on
the ground, Check seats
for security and proper
functioning of the ad-

Justing mecharism. In-

apect safety belts and

fastenings. Check fire

extingulishers for gen-

eral condition.

ingpection of the condi-

Make weight teats for azafet;
belts. Grease pilot's aseat.

tion. Inspect safety belt|Inspect retracting mechaniar

fabric, catches and
buckles,

in cockpit.

3. Instruments

See that the altimeter)
reads correctly by check-
ing with the station bar-
ometer. Check the general
condition-such as loose
dials and misaligned
pointers, broken crystals
and broken tubes and
lines. Tubes may be
traced by means of the
colors painted thereon.
(See Par. D, Section II-
B.) A check of the proper
functioning of instru-
merits is & part of the
Pre-Flight check.

Remove and clean jet cover
of turn and bank indicator
every 100 hours. Lubricate
every 300 hours. Inspect
altimeters. Remove and make
complete bench teat every
300-L00 hours. Calibrate
ingtruments, particularly
compasa. Check operation of
electrically-heated pitot
tubes and replace any
burned-out heating element.
Drain tubes as reguired.
Check Automatic Pilot.(See
Instruction Book for de-
tailed inspection.)

L, Flight Control Surfacel

Check the ailerons,
elevators, rudder, and
all trim tabs for general
condition of theilr cover-
ing and security. Check
for full operation of all
controls and make a gen-
eral visual check of
cablesa and push-rod con-
trols.

Make a complete and rigid
inspection of operation
and condition.

Inapect metal covering for
damaged sections. If shakea
have developed in vertical
or horizontal stabllizers
check hinge boltas for
tightnesa. Falring must be
removed to galn access. Re-
move drain plugs located inm
flotation compartment of
horizontal astabilizers to
aliow any condensation to
drain out. See that wvent
tubes are not plugged up.

Check security of all bonding
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4. FPlight Control Surfaces

(Gont. )

Remove tail fairing to in-
spect Empennage Control
Cables and Quadrant. Re-
move Guard (Sta. 4) to in-
spect Control Cables and
Quadrant.

5. Engine Controls

Check the general con-

Make a complete inspection

dition and proper function-pf entire linkage for:

ing of the throttle, and
mixture, control levers,
the carburetor pre-heater
control, and engine cowl
flaps. (Detail check of
functioning of controls is
made during Pre-Flight
check. ) Check super-charger
regulator controls.

Free and full movement,
lost motion, condition of
cables and rods, proper
pafetying, adjust Ball-
and-Socket joints,lubri-
cate as required.

6. Ignition & Electrical

As part of the Pre-
Flight "warm up", check
function of Starter and
Booster, Ignition System,
Generator, and Generator
Control Unit. Check inter-
phone signal system. In-
gpect cockpit lighta., In-

gpect instrument lights and| spect Generators and Con-

rheostats. Check landing
lights and navigating _
lights. See that the apare
bulbs and fuses are sup-
plied, Check spark plugs.

Inspect magnetos, (see
Instruction Book for
Wright Cyclone Engines.)

each 20 hours at 1O0-hour
intervals for loose cen-
ter electrodes, etc.(See
Wright Engine Book.) In-

trol Units for security
of mounting, cleanliness

contact points. Inspect
gecurity of bonding.

Inspect spark plugs twice

of unit, and condition of

Inspect all wiring for con-
dition of insulation and
proper anchorage. Inspect
starter for security of:
mount ing, tightness of
housing bolts, condition
of brushes, brush holders
and commutator, and ten-
sion of brush springs. Re-
move, disassemble, and
test spark plugs. Inspect
magnetos for backlash in:
distributor gear; lubri-
cate as required. Inspect
booster coil and vibrator
assembly for proper opera-
tion. Inspect all switches
and rheostats. Check lights,
throughout airplane.

7. Fuel System

Drain all fuel line
strainers and resafety
drain cocks. With fuel
valve "ON" operate wobble
pump until normal operating
pressure is obtained. Look
for eviderce of leaks in
fuel gystem. Check all fuel
cockg for free operation.
Test fuel guantity gauge.
Inspect cable connections .
to bomb bay auxiliary tank
Release mechanisms.

1 Remove engine cowling.

With fuel "ON" operate

anchorages. Remove and
clean strainers.

bearings and exposed op-
Check condition of hose

connections. Drain car-
buretors and clean

wobble pump and make com-
plete inspection for leaks
cracks, wear, security of

Lubricats
carburetor throttle shaft

erating parts of economi-
zer and accelerating pump.

Lubricate entire fuel pump

drive shaft. Inspect con-
ditlon of hand refueling
pumps and primer. Inspect
fuel cock controls for
excessive backlash or drag.
Every second 40-hour in-
gpectlon remove and drain
carburetors. Clean intake
gcreens. Make rigid in-
spection of fuel tanks for
leaks, condition of mount-

ings, and bracing, every
second 4L0-hour period (un=

strainers. Grease flexible

legs fuel tank doors are
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7. Fuel System (Cont,)
coupling on fuel pump. otherwise removed). Inspect

auxiliary tank release
mechanism, Inapect securi-
ty of all electrical bond-
ing.

B. 01l System

Irspect for evidence of
engine throwing oil, Turn
Cuno Strainer handles one
full turn in counterclock-
wise direction., After esach
o0ll change remove and clean
Cuno strainer. Check secur-
ity of drain cocks and
plugs. Make visual inspec-
tion of oil system for
leaks. Inspect oil coolers
for leaks and for security
of attachment.

Make a complete inapec-
tion of lines for leaks
and cracks, security of
anchorage, condition of
rubber. Inspect condition
of cooler. (See Wright
Engine Book. )

Make rigid inspection of
tanks for leaks and for
condition of mounting and
bracing. Operate all drai
lines. Check condition of
0il coolers and the set-
ting of temperature regu-
lators. Clean Cuno
Strainer. Inspect all
lines for comndition of
hoge connections and secw
ity. Note presence of leal
around engine or excessive
throwing of oil. Check
condition of electric oil
heaters (if installed).

9, Power Plant and Acceasor

ies

Check marnifolds for se-
curity of attachment and
blown gaskets. Inspect ex-
haust stack studs for tight
neas. Check security of car
buretor pre-heater. Check
gecurity of exhaust gas
analyzer nipples and lines.
Check the szecurity of the
starter, generator, oil
pump, fuel pump, carburetor)
etc. Make a visual check of
the cowling supports and
the muff for security of
attachment, Refer to the
Wright Instruction Book
for engine inepsction pro-
cedure. Check super-charger
regulator.

(See Wright Instruction

Book. )

Make complete inspection of

valve mechanism including
check of valve clearances
in accordance with Wright
Instruction Book. Imspect
push-rod and tappet adjust
ment screws. Check condi-
tion of intake and exhaust
pipes and manifolds. Clean
exhauat atacks and check
for cracks. Inspect engine
mount completely for se-
curity and general condi-
tion, Check general condi-
tion of cowling supports.
Make thorough check of
electrical bonding and
ghielding.

10. Propellers and Accessor

Led

Clean blades and hub
with a clean cloth soaked
in kerosene or gasoline,dry
thoroughly, and coat with
light engine oil., Check
general condition and se-
curity of retaining nuts &
blades., Remove brush houa-
ing and check condition of

brushes. (Electric Props).

Propellers should be re-
moved, disasdembled,
cleaned, and Inspected
approx. each 6 months.
Propellers should be given
ma jor overhaul each 100
flying hours. Disassemble
brush housing and thorough
1y inspect condition of
brushes and slip rings.

Check operation of propeller
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10. Propellers and Accessor

ea (Cont,)

Check operation of swit
ches and speed cohtrol as &

part of Pre~Flight inspec-
tion., Check blades for
nicks and dents. Greesge
every 10 hours. (See Pro-
peller Manuals.)

covernor and controls, (on
lelectric propellers) and
lubricate as required. See
Manugal for additional in-
|structions.

1li. Landing Gear

Check tire pressure.
Check general condition of
Oleos and inspect for evi-
dences of leaks around top.

Check retracting cables for
wear. Check sgtruts, fittingd

and attaching parts for
cracks and lowse connec-
tions. Check brake opera-
tion. (It should not be
"soft." Brake-pedal move-
ment should be egualized

and not excesslive.) Inspect

tires for proper inflation
and for cuts or excesaive
wear. Check tightness of
wheel bearings by rocking
airplane. Check track for
loose stones or mud which

would not permit trolley to

move freely.

Make thorough check for
condition and security of
gtruts, bracing, and fit-
tings. Lubricate strut
bearings and moving parts.
Check fluid level of Oleos
Check retracting motor.
(See Eclipse Book.) Check
proper extension of Oleo
struts. Fill only with
COMPRESSED ATR. Inspect

brakes and control as-

sembly without removing
wheels. Adjust brake
clearance. Check fluid
level in brake reservoir.
Inspect lines and connec-
tions for leaks, kinks,
and damaged parts. Check
for detericrated valve in-
sildes and cap seals (Oleos
and tires).

When practicable and when
considered necessary, re-
move load from the landing
gear and make complete and
close inspection for wear,
cracks, etc,; and for
proper functioning of re-
tracting mechanism. In-
spect all the cables
thoroughly, also limit and
control switches in bomb
bay. Disassemble retract-
ing motor and gear mechan-
ism every 300 hours to
ascertain condition. Re-
pack with Penola No. 4
Lubricant. Remove wheels
and inspect brake mechan-
igm for worn or scored
drums, corrosion, worn
brake lines, distorted
shoes and backing plates,
and proper spring tension.
See that brake bands are
free from grease. Check
rivets and bolts for tight-
ness. Check condition of
protective coating. Clean,
inspect, and lubricate
roller bearings. Reinstall

| wvheel, adjust. brakes, and

check wheel for side play.
See Warner Instructions for
gservicing brakes and con-
trols. Inspect condition of
maln retracting cables and
gecurity of attaching links
and operating pulleys.Check
vibrator warning device.

12, Tail Wheel

Check Oleo shock unit
for proper extension. In-
spect attachment of wheel

and shock unit for security.

Inspect tire for cuts and
excessaive wear. Remove mud,
gragss, and excess g@rease,
Check tire pressure.

Make rigid inspection of
condition. Check operation
of swivel release mechan-
ism. Lubricate as provided
f'or. Check for leaking
valve inside or wvalve cap.

Disassemble tail wheel from
axle. Inspect bearings.
Clean, lubricate, and re-
agsemble,
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135, Wings

Inspect gereral condi-
tion of covering and paint
Check all access doors for
security. {(Maintenance of
the wing proper consists
of keeping the finish and
covering in goud condltion/
Wing should be walked on
only where painted black;
other placesg must be heavi
ly padded to protsct ribas
aond akin coverdng from
danuge when walked on, )

Make complete and rigid
inapection for condition
and security of attach-
ment fittings. Remove
drain plugs from flotation
compartment to allow any
condensation to draiu out
See that vent lines are
open.

14, Armanert

Al: parts shouid he 1nd
apscted as necessary, deé-
pe:disg on thelr uze. Tue
sufety locking device
shonld be checked for
proper functioning prior
to daily operations when
bomting eguipment is being
used. The rack operates
both mechanically and
electrically and should be
checked to insure positive
aetion., Caution: The bomb
rack and control mechanism
should not be greased or
oiled at any time while the
rackas are in use aa this
may cause dirt to accumu-
late and result ic mal-
funtloning of the rack.
Whern necessary to cleain,
use Keroaene. Thoroughly
clearn prior to loading of
bombs or conducting boub-
ing missions. Check gun
mourts for security each
day during gunrery opera-
tions.

Check complete operation
of boab rack both elec-
trically and manually to
adcertain proper functior
ing. Check indicator
gystem in bomber's cock-
pit. Replace used spare
bulbs,

15. Oxygen System

Prior to each flight
during shich oxygen is to
be usea, inapect the equip-
mernt for security of supplj
cylinders and operating
handles, valves, bayonet
concections and heaters.
Test supply pressure and
replsce bottles if neces-
sary. Cautlon: Do not use
0il around this egquipment,
as spontaneous combuation
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16. Night Flying Equipment

Check funtioning of
lights. When installing
parachute flares, make
complete inspection of
flares and of carrying
and release mechanism.
Check installation of
proper signal flares and
see that the Signal Pils-
tel is in the airplane.

Remove installed flares
and inspect them for
condition. Check release
gystem. Replace signal
flares as required. Make
additional checks in ac-
cordance with daily in-
spections. Important: 0il
or grease should not be
used at any point of the
cable release system,

Doors and hinge should be

checked carefully to Dbe
gure that they are not
stuck due to corrosion.

17. Airplane in General (40 Hours , etc. )

Remove, inspect, and weigh all carbon dioxide
annual inspection of complete fire extinguisher,
for inspection every four months (test pump).

Make complete inspection
of flare racks and flare
releasing mechanisms.

cylinders. Make

(CO,)
Remove an& pump up life raft
Inspect bonding and shielding

for installation and condition, security of contacts, broken or frayed shield-

ing, and ground leads.

Check condiltion of curtains.

18. Battery Inspection (Weekly)

Check security of mounting and condition of container.
Check leskage due to broken case or defective
Check condition of leads and installation, security of terminals.
Coat terminals with Vaseline.
Add distilled water as
Refer to Exide Bouklet for further details.

drain tube is not obstructed.

geallng.

Remove any dirt or corrosion.
gravity of each cell (record lowest cell reading).
Test battery switch.

necessary.

19, Engine Change

See that

Check specific

Comply with all current technical instructions requiring special

inspections or maintenance work at time of engine change.
Ground test and flight test newly installed engines in ac-
Clean Cuno 0il Strainer at the expira-

atruction Book.

cordance with standing instructions.

See Wright In-

tion of the engine installation, and run-in prior to flight, and again at

the completion of necessary test flights before the engine is released for
service. Check for loose or deterlorated rubber engine mount bushings, and
repldce where necessary. Check for d:storted fuel lines or other indications
of possible switched "main" and "resgerve” lines at tank conmections.
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REPAIR OF STRESSED SKIN ALUMINUIM
ALLOY STRUCTURE

In cese of & hole or other damsge to & stressed skin of this
type, the first step is to remove all the damaged msterisl. snd at the
samme time leave the outline of the hole with a smooth

contour free from sharp corners. This point is illus- N
trated in the sketch opposite, where a jagged tear is ‘fE::fEs
cut out to a suacoth hola. e o

Next a patch plate must be put over the hole. The thickness
of this plate must not be less than the sheet to be repsired, &nd in
very thin sheets it is best to make the thickness one gauge larger. It
should extend on each cide of the hole a sufficient distance to get &
good riveted connection glong the sides. This is to reinforce the hole
against edge failure. 1t should also extend in front and behind the hole
fer enough to permit the driving of sufficient rivets to carry the load.

It is necessery to put enough rivets shead of the hole to pick
up the entire load thet was formerly carried by the material removed.
Usually the maximuwa sllowable stress is assumed to be acting, end the rivets
designed for this load., The sane number of rivets must be placed to the
rear of the hole tc transmit the load back into the skin on the rear side.

It is often necessary to cut emall holes in stresced skin for
cables, wires, pipes, etc. To reinforce these, & series of standard cir-
cular reinforeenents heve been decigned and are shovn on one of the fol-

lowing gheets.

As esch repair job offers & reparate problem, it is impossible
to work to any staenderds. The following pages present several typical re-
pairs and the methods used.

I Repair of Corrugated Skin Covers.

In the repair of breaks in sll corrugstions, the corrugations are
assumed to be subjected to & stress equal to the crippling stress. This is
useé to cdetermine size of reinforeing plate and number of sttaching rivets

recuired.

ecific example iz given in Fig. 1 to chow the methods of re-

b
gk in corrugated skin.

A s
pairing & bre
Assume 051 gauge corrugated skin.
Assume strecs in corrugated skin equals 40000 1b/sq. in.
Reinforcenent should be at least the gzuge of the corrugation or
preferably one geuge hesvier.
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Aree removed equels 1.228 x 2.5 x .051 which equals .155 sq. in.
Load in Reinf. equels .155 x 40,000 which equsls 6290 lbs.
Allow. Beering 1/8 rivet on .051 ecuals 477 lbs.

Allow. Shear 1/8 rivet -ecuals 269 lbs.

No. rivets requireé egusls €200 equels 17
369

A minimum of 17 rivets should be used in front and behind breesk to
-attach reinforcing to corrugation.

II. Repair of Smooth Skin Covers (*)

Iﬁ smooth skin structures the maximum allowable tension stress is
reduced to 43600 1b/sqg.in. t® account for reduction in area due to rivet holes.
A1l skin is assumed to be subjected to this stress.

In structures with thin skin the reinforcement plate should slways
be at least one gauge heavier than the damaged skin. As the size of bresk
increases, this difference in gauges should increase accordingly.

A specific example of smooth skin reinforcement is given below.

Assume skin geuge equals .028 .

Assume skin stress equals 43600 1b/sq.in.

Area removed equels .023 x 2.5 vhich equals .07 sg.in. See
Load in reinf. equals .07 x 42600 which equsls 3050 lbs. Fig. =
Allow. bezaring 1/8 rivet on .025 equals 237 1bs.

Allow. shesr 1/8 rivet equals 369 1lbs.

No. rivets required equals 3050 which equals 1B
237

(*) This type of repair only for smooth skin which carries stress.
Does not apply to top skin on corrugations, cowling, feirings, etc.

A minimum of 13 rivets should be used in front and behind break to
attach reinf. to skin.

IIT. Standard Reinf. for Small Holes in Thin Sheets

The reinforcements shown in Fig. 3 are to be considered standard
for round holes up to one inch in diameter in stressed thin sheets.

Whether the reinforcement washers are single or double will depend
on the nature of the stress, vibration, ete. in any case the thickness of each
washer shall be at least equal to the thickness of the sheet.
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Repair of Trailing Edge - Fabri Covered Surface

In the case of a damaged trailing edge strip, the method of repair
is comparatively simple. The damaged portion is cut away. It is usually
most convenlent to make the extremitles of the cut centrally between trailling
edge ribe. This permits the splice clips for attaching new section to be

installed easily.

Fig. 4 shows a typical method of gplicing ends of trailing edge
strips.

Note: Fabric to be repaired according to standard methods.

Repair of Fuselage Side Skin

The repair of the side skin if only a crack appears is a little
different than the repair of a hoie. In this case it is not necessary to
clean a smooth hole:the full length of the crack  However, it is important
that a small round hole be drilled at each end of the crack. These holes
will tend to prevent the crack from spreading and thus, insure a better
repair job. The method of finding the number of rivets required and size
of patch plate 1s the same as the one used in preceding discussions for

smooth skin.

Fig. 5 illustrates this type of repair.

Repair of Damaged Skin in Flotation Compartment

Damaged skin in this compartment is repaired in the same manner as
previously discussed for smooth skin repairs, also corrugated skin repairs.
Besides being strong enough to carry the necessary load, patches in this com-
partment must also act as seals. This is done by putting sealing compounds
under the patch and using a water-tight rivet spacing around the edge of the

patch.

Fig. 6 illustrates this type of repair.

Repair of Metal Nose Cover on Flaps

The repalr of this nose cover requires the removal of all fabric
adjacent to the damaged portion. The size of thia cover plate prohibits the
use of hand holes as an aid in attaching the repair sheet. The simplest
method is to remove a complete section of the nose cover and installing a new
one, Lap s3p'ices should be made at nose rib, this insures a rigid Joint.
Tools for bu‘:king the a*laching rivets may be inserted between the torgue
tabe and the short side of the nose cover  The gauge of the repair sheet
should be the same as the original nose cover.

Fig. 7 1llustrates this type of repailr.
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Repair of Metal Covered Stabilizer

In this type_bﬁ structure all sections are completely closed
‘making sny repair to the skin rather difficult. Breaks in the skin that
can be cleaned out to hoie of not over 5" in diameter can be repazired by
instaelling a standard hend hole. The hole should be reinforced by at-
taching & heavy ring on the inside of the skin. This ring should be gbout
two gauges heavier than the skin. The cover plate should be st least

the gauge of the skin, a gauge heavier is preferable. The cover plate
must be screwed on, requiring the installation of elastic stop nuts, or
the provision of tapped holes in the reinforcing rlng. Thg use of elastic
stop nuts is usually most convenlent.

In case the dam&ge is too large to repair by meens of & hand
hole, the entire :panel may have to be removed, or at least & large portion,
of it. If the entire penel is replaced, the new panel should be riveted
to the front spar first. This permits the rear end to be raised, and the
introduction of bucking tools through the opening to aid in riveting a
hand hole may be assembled on the repair plate before the plate is at-
tached to stabilizer.

_ P 3 only a portion of the panel is removed, the trensverse splice
should come at a skin stiffeneér. A hand hole may also be incorporated in
this repair plete if desired, Method of attachment to be the seme as that
for entire penel repair. v

In cese any of the above repairs are necessary in the flotation
compartment the watertight riveting eand geeling conditions must be met.

The above lnstrdctlons are appliceble to repairs to the nose
cover of the stabilizer.

The‘sxetches in Figuresfa and 9'are given to illustrate this type
of repair. '

.Repair of’Fuselage Bottom Skin

T The most importent case is the repair of a fuselage damaged
in bally landing where bottom rings and corrugations are crushed.

Refer to Fig. 10 for discussion of method of repair. .

l Remove rivets attaching lower corrugations to longerons and
remove entire corrugations in demaged area. The extent of the corrugations
removed in the fore and aft direction to be governed by the transver“e
splices.

2. Remove all lower rings that are damaged up to splice. If it is not
necessary t0 remove the entire lower ring the ring should be cut well above the
damaged portion and a new ring spliced on. This splice should be made the same
as the splice connecting upper and lower sections of original- ring.

%. Rivet side skin to new lower ring gections.
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Rivet rew section of bottom sorrugated skin to rings. Thias
skin should be ordered from the Martin Jo as it 1s difficult to flatter
the corrugations at the center line of fu-elage aid at the longerons. If
flattenling 1s tried, it should be done on reat treated ~orrugated sheet
a3 the corrugated sheet buckles badly during heat treatmert,

3T All gplices recessary in smooth or ‘orrugated skin must be made
with the same lap and the same rivet spacing as used ir adjacent aplices.

Repair of Fuselsage Frame Rirgs

Should a tube ring be injured, it should, if possible, be
straightened and a channel of .04LO aluminum alloy sheet fitted closely
over the tube and riveted to the skin with 3/32 diameter rivets. Close
to each end of. the reinforcement, two #8-%36 ma hine acrews of aluminum
alloy or steel, apa-ed about 1 inch apart, should be used. These screws
should run fore and aft through the tube and reinforcemert. Care must be
taken not to draw the screws so tight as to compress the tube If a sec-
tion of the tube must be replaced, a reinforcing splice aa noted above,
should be placed at the Jjoint between the old and new tubing.
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CORR.OR BETTER “__ |
AT LEAST I/2W

+ WIDTH OF RIVET
HOLES ON ONE SIDE

s 'S Fl
ﬁ N % REAK \
05! REINF, PLATE 1.228X2.5

SYMM. ABOUT ¢ 7

CLEAN BREAK
OUT SMOOTH

" CORR. SHEET-.05!

FIGURE |

SYM

RIVIT- 17 ST

/
028 SKIN 24 :
032 REINF. PLATE

[

AT LEAST HALF THE

LENGTH OF BREAK Er, 4 y '
\ ; ;/\r

ENGTH OF BREAK

t | BREAK IN SKIN

SMOOTH OUT BREAK




PAGE NO.7

4 ' 3
géDlA.RIVET

| i-DIA.
Gg"
37010
FIGURE 3
NOTE: SPLICE STRIP TO BE OF
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BUTT OUTSIDE >
/ STRIPS

FIGURE 4
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~ NOSE RIBS

ORIGINAL PANEL
SKIN STIFFENER

REPAIR PANEL

SECTION "B-B"
HAND HOLE -

NOTE: USE NEXT LARGER SIZE RIVET
IN ALL OLD RIVET HOLES TC
ALLOW FOR ENLAR GEMENT OF
HOLE IN DISMANTLING

REPAIR PANEL
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TO GIVE BUTT JOINT

i
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FIGURE 9
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FIGURE 10
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REPATR OF RIVETED TANKS

The following method of repair of riveted tanks is recommended:

The tanks should be thoroughly drained and the area around the leak
should be dried. The exterior of the rivet, or seam which leaks, should be

coated with Glyptol Lacquer Primer No. 1201.

Tf this method fails to stop the leak, the rivets around the area
leaking should be tightened by additional driving and the rivets, or seams
should be coated with Glyptol Lacquer Primer No. 1201.

If the above methods fail to stop leaking, the following method should
be used:

Leaking rivets should be removed and replaced with new rivets, coating
the interlor of the rivet hole, and the rivet with Bakelite Varnish, and driving

while the varnish is sticky or tachy.

Leaking seams may be repaired by removing the rivets along the portion
of the seam so affected, and forcing Bakelite Varnish between the seam. The
rivets should be replaced in the same manner as above. Wherever possible, it is
also desirable to coat the interior of the tank along the leaking seam with

Bakelite Varnish.

See Appendix IV for compounds.
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APPENDIX II

Miscellaneous Instruction Data
for
Airplane Accessories

The following list of Manufacturerg' handbocks pamphlets, bulletins, drawings,
etc., are included with each Maintenance Manual.

A,

WRIGHT CYCLONE ENGINE Instruction Book R-1820-G and GR-1820-G Series dated
October, 1957.

. BENDIX SCINTILLA ATRCRAFT MAGNETOS

Partg Price Ligt and Service Instructions Type SFOL-1 Magnetos dated
November, 1937.

. CURTISS PROPELLER Installation and Maintenance Instructions, Curtiss

Feathering Propellers. Dated July 15, 1938 also includes:

C(l) Parts List, Model C-532-D, Assembly Drawing No. 55003-E-2 Installed
in Martin WH-3 Airplanes dated July 18, 1938.

SPERRY INSTRUCTIONS No. 15-T726C for the Operation and Installation of the
Sperry Gyropilot dated February, 1938.

CAMBRIDGE INSTRUMENT COMPANY
Instructiona for the Use and Care of Two Engine Aero Mixture Indicator 3.0.

5424L Serial No. Type D.I.R.

A geparate cover titled "Miscellaneous Bulletins for Aircraft Instruments" which
accompanies each Maintenance Manual contains the following data in the order shown.

THE ELECTRIC STORAGE BATTERY COQ.

1. Instructions Installing and Operating Exlde Batterles in Aircraft Service
Form 2754 Tenth Edition dated February, 1937.

ECLIPSE AVIATION CORPORATION

1. Instruction Book No. 32 for Type Y-150 Landing Gear Motor, also:-

2. Supplement No. 1 Service Parts List

3. Instruction Book No. 37 for Type Series 11 Aviation Engine Starters
Inertia Type, also:-

L. Supplement No. 3 Series 11 and Series 11-A Inertia Starters and Booster
Magnetos

5. Supplement No. 4 Accelerating Motors for Inertia Starters

6. Instruction Book No. 1-B Single Voltage-Engine Driven Aircraft Generator
with Three Unit Control Box Separately Mounted, also:-

T. Supplement No. 3 Type E, Single Voltage Generators

8. Instruction Book No. 38 Supercharger Regulator for Wright Cyclone Engine

includes: -
9. Supplement to Instructlon Book No. 38, Installatlon Drawing and Service
Parts List Eclipse Model 3217A-2 Supercharger Regulator dated June 1, 1938.

THE LEECE-NEVILLE COMPANY

Instructions, Type A-1 Generator Voltage Regulator Control Unit, dated
June 2, 1938,
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WRIGHT AERONAUTTCAL CORPORATION

Bulletin No. 5815A Lubricating Oils

Bulletin No. 5817A Lubricating 0ils for High Output Engines
Instructions for the Operation and Maintenance of the Wright Cyclone
Two-Speed Supercharger. Supplement Part No. 67307, dated May, 1938
Specification No. 286-Q for R and GR-1820-G5 (Cyclone Engines)

S e

i

STROMBERG ' CARBURETOR CORP.,
1. Instructions on Stromberg NA-F7C, NA-FTE, and NA-FTF Carburetors Form
10-150-2500-1-37-5P1 with: -
2. Instructions for NA-F7F2 Carburetors with Stromberg Drawing No. A-18037

THE PUMP ENGINEERING SERVICE CORPORATTION

1. Service Manual for Pesco Fuel Pump Model R-600-B A.C. Type C-7, dated
August, 1937

2. Instruction Manual for Pesco Vacuum Pump Model 202 Type B-1A, dated
August, 1936

3. Handbook of Instructions for Pezco High Presazure Cil Pump

L. Handbook of Instructions for Peaco Fuel Valvesa Modelsg 2509~ PMO and 2&1
dated June, 1938

SPERRY GYROSCOPE COMPANY
1. Drawing No. 642784-F 01l Pressure Regulator (Pulsation Damped) Gyropilct
2. Drawing No. €42878-E Qil Filter Unit Gyropilot
3. Drawing No. 75688-F Equipment Outline Martin 139 Gyropilot

BENDIX PRODUCTS CORPORATION
Technical Note, Bendix Cast Streamline Airplane Wheels and Brskes, dated

0 ‘tober, 1935

WARNER ATRCRAFT CORPQRATION

Instructions for Brake Control Unit, List 1016 (6 pages)

Drawing SK2298-A Control Unit-Hydraulic Brake Service Instructions
Drawing SK-2310 Control Unit Operation Diagram (2 pages)

. Drawing 3150-1 Control Unit-Hydraulic Brake

FWmn e

CLEVELAND PNEUMATIC TOOL COMPANY
Aerol Strut Maintenance and Service Inatructions for:
1. Tgil Wheel QOleo Strut, Type B-137-M, Bulletin No. 2
2. Wing Flap Control Cylinder, Type WFC, Bulletin No. 3
5. Hydraulic Wing Flap Pump, Type WFP, Bulletin No. 4
4. Main Leg Oleo Strut, Type 7562, Bulletin No. 5

30LAR AIRCRAFT COMPANY
Standard Repair Instructions for Exhaust Manifolds (2 pages), dated

December 15, 1937

UNTTED ATRCRAFT PRODUCTS, INC.

1. Maintenance Instructions for 01l Temperature Reguldtora, dated February
1, 1958

2 Drawing No. U-3250-D-1 Valve Assembly-0il Bypass and Relief, Type D-1

3. Drawing No. U-3210 0il Temperature Regulator

L. Instructions, Type D-3 {AN-4014) Hand Re-fueling Pump, dated February 1,
19358

5. Drawing No., U-300-A Assembly, Hand Refueling Pump-Type D-3

6. Drawing No. U-2351 Type D-6 Fuel Unit Assembly
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THE LIQUIDOMETER CORPORATION
Installation and Service Liguidometer Aircraft Type Fuel and 0il Quantity

Electric Qauges Type 101

ATIR CRUISERS, INCORPORATED
Instructions for the Care and Operation of the "Inflatex" Rubber Boat

INTERNAT IONAL FLARE-SIGNAL
Instruction Sheet for Using Pistol Operated Types

WILEY FLARE
Instruction Sheet for the Type A-8 Wiley Parachute Flare

PYRENE MANUFACTURING COMPANY
Important Information for Users of 1 Pint, 1 Quart, and 1% Quarts Pyrene
Fire Extinguishers Form No. 116-10-37.

ECLIPSE AVIATION CORPORATION
Overhaul Manual Section, Routine Installation, and Service Instructions

Engine Synchroscopes File OM-S

KOLLSMAN INSTRUMENT COMPANY

1. Aviation Clock (8 day) Type 133-01
2. Alr Speed Indicator Type 157-03
%. Compass Type 58L
4, Engine Thermometer Type 30-04
5. Manifold Pressure Gauge Type 162-03
6. Pressure Gauges & Suction Gauges
Fuel Pressure Gauge Tyre 130-03
0il Pressure Gauge Type 131-05
7. Pitot Static Tubes, BElectrically Heated Type 171-E
8. Sensitive Altimeter - Type 134 Series
9. Vertical Speed Indicator Type 164 Series
PIONEER INSTRUMENT COMPANY
1. Fuel Pressure Warning Unit : Type 1173
2. Turn and Bank Indicator Type 385-E

WESTON ELECTRICAL INSTRUMENT CORP.
Instellation and Service Instructions for:
1. Weston Indicators, Model 545 No. 215 Sub 5
2. Weston Thermocouple Type Thermometers, Model 602, No. D-215, Sub 6
3. Weston Resistance Type Thermometers, Model 606, No. D-215, Sub 8
L. Weston Tachometer Magnetos, Model 724 Types B and C, No. D-215, Sub @
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APPENDIX TI1I

The following is a list of important drawings furnished with this Manual:

R-184000 General Assembly

C-124046 Installation-Tail Wheel

R-124047 Installation-Landing Gear

R-184061 Installation-0il System

R-124113 Installation-Brake System

R-165055 Installation-Engine Controls

R-184127 Inastallation-Radio .

*R-165128 Installation-Wiring Diagram-Radio

R-184052 Instellation-Engine

R-184056 Installation-Fuel System

R-141112 Installation-Surface Controls

R-168065 Installation-Cowl-Engine

*¥R-184117 Diagram-Electrical Wiring

R-184114 Installation-Fuselage Electrical Equipment
R-141116 Installation-Nacelle Electrical Equipment

D-184304 Installation-Cowl Flap Controls

D-184779 Crank Assembly & Cable Connect.-Cowl Flap Controls
P-184170 Installation-Bomb Release (Electrical)

*D-184169 Diagram-Wiring, Simplified (Internal Bomb Rack)
*¥P-184118 Diagram-Wiring, Simplified (Airplane)

C-165625 Installation-Exhaust Analyzer Engine Installation
B-163151 Installation-Cambridge Exhaust Analyzer

D-165270 Installation-Curtiss Propeller Pitch Control
D-165175 Installation-Curtiss Propeller Control (Electrical)
¥D-141104 Diagram-Electrical Operation of Landing Gear
R-18L4041 Frame Assembly, Fuselage (Splice)

R-164270 Installation-Automatic Pilot

D-185290 Installation-Automatic Pilot-Nacelle Furnishings
P-141776 Installation-Cables Follow-Up-Automatic Pilot-Fuselage
D-13%8524 Installation-Valve Control Servo Unit-Surface Controls
R-184121 Installation-Aeronautical Instruments '
R-184104 Installation-External Bomb Rack Controls

R-184105 Inatallation-Bomb Releases Internal

D-185090 Installation-Forward Oxygen Egquipment

D-137417 Installation Oxygen Equipment-Rear Furnilshings

*Drawing also supplied in diagram pocket of ailrplane.



APPENDIX IV
Lubricants and Compounds

A
U.s.Gov'T COMMERCIAL
USE COMPQUND SPEC, EQUIVALENT MANUFACTURER
For heavy duty| Tranamissios| AC 2-98 | "Penola" Com- Standard 01l Co. of New Jersey
sealed gears 0il {(Heavy! pound #4. Main Office is at 26 Broadway,
and bearings. New York, N.Y,.
Zerk fittings, | Cup Grease, | Fed. VV- | "Castroleum" Standard 0il Co. of New .Jersey
flaps, land- External G-681 (3 grades ac-
ing gear, Use; and Formerly | cording to
bomb door, Thread Lub- | AC-2-29-D| climate,
etc. Bomb ricant for
Dovr retract- certain
ing screw tab | bolt threads
indicating
screw threads, _
Control System | Light grease| AC 3584 | "Parmo" Petro- | Standard 0il Co. of New Jersey
ball bearings, | low freezirg latum
‘gealed and point
open). -
Landing wheel | Heavy grease "Periola" Anti- | Standard 0il Co. of New Jersey
bearings (fibrous) AC 3560C | Friction A.
- Grade 295

Landing Gesar Graphite Fed. VV- | "Van Estan" Standard 0il Co. of New Jersey
gtrut bear- Grease G-671 #3
ings; starter (Soft)
crank
Bomb rack Under-water | -------- Esso Marine Standard 0il Co. of New Jersey
tripping gear greuase Grease
fingers 3 ("8
Propelier Light lubri-| AC 299 "Castroleum" Stacdard 0il Co. of New Jersey
counter- cdating {(Grade 1 orly)
weights grease
(Ham. St 'd)
Curtiss and Propelier AC 3581 "Mobil-greasze" Socony Vacuum, Inc.,
Hamilton St'!'d | blade bear- (Medium) [#2 <6 Broadway. New York, N.Y.
propellers ing grease
{Curtiss Propeller AC Y-3587! Speed Reducer Socony-Vacuum Inc.,
Propellers Speed Re- 0il #1(Curtiss)] 26 Broadway,
only) ducer Gear- : New York, N.Y.

box Lub.
Cables, king Ruat Preven-| AC 2-82-B|"Corol" ord- Simoniz Co., Chicago, Illinois
pins, and tive (Exter- nance machine
bolts; Dzus nal use) grease
Fasteners
Spray in en- Rust Preven-| AC 3568-A|BEthyl Gasoline | Park Chemical Co.,
gire cylinders |[tive {Inter- Anti-Ruse Com- | Detroit, Mich.
Spray engine nal use) pound "E.G. -~
externally for 17k, "
storage
Pipe threads; Thread Lub- | AC 35(1-A|Parker "Thread-| Parker Appliance Co.,
aluminum al- ricant {or- lube", No. 6PE Cleveland, Ohio.
loy threads dicury)
Pipe thread Thread Lub- | -------- "Anograph" The Glenn L. Martin Co.,
anti-seize ricant Baltimore, Md.

(threads

subjected

to he:j,t}




Appendix IV continued

USE

COMPOUND

COMMERC 1AL
EQUIVALENT

MANUF'ACTURER

Generator and
Starter Motor
ball bearings;
Magneto gears
and bearings

Special high
teumperature
grease

TRosch” 501

United Americar, Bosach Corp.,
Springfield, Maass.

Inertia Start-
er bearings
(ball and
roller)

Special
greuse

AC 3560-C
{Soft )

Male" -VE

Universal Lubricant Co.,
Uleveland, Ohio.

Gears, plain
bearings, and
clutch discs
of Inertias
Starters

§pecial
graphite
grexse

(Int.)
Grade"AA"

Gredag" #32

Acheson Graphite Co.,
Niagara Falls, N.Y.

Generator
clutch plates
and counter-
weight plate
assembly;
Magneto cam
followver felt

Machine
oil

Fed, VV-
0-1496
S.4A,E.$20

S.A.E. #20

{Various)

Condition
leather oll
seals by
immersion 1in
thia oil at
100°F,

Leather-
treating
oil

AC =-66

"Neatsfoot"
0il

Seidler ‘hemical & Supply
Co., 16 Orunge St.,
Newark, N.d.

Rusted and
seized nuts,
threads,
Joints, etc.

Penetrating
0il

"™Marvel
Mystery Oil"

Emercl Mfg. Co.,
4z W. 69th St.,
New York, N. Y.

Magento
distributor

Special
greuase

"Keystone”
il

Keyatone Grease Corp.,
Philadelphis, Pa.

gears
Moveable
parts of
carburetor

Gasoline
resistant
greage

(Castor 01l
Graphite. )

(Mix locally)

Dry Lubri-
cant iger-
eral use)

Graphite

(Small)

\Flake Graph-
ite, fine)

Acheson Graphite Co.,
Niagara Falls, §.Y,

Welding Cor-
rosion and
heat resiast-
ing asteel
(manifold
repairs,
etc. )

Flux

"Oxweld
Crom Aloy"

Linde Air Products Co.,
30 E. 4204 St., New York, N.Y.

Mix with
butyl
alcohol
for shock
absgorber
oleoa; 4l-
80 bruake

Jaator 01l

Castor 0il
Grade AA

Baker Cagtor 0il Co.,
120 Broadway, New York, N.Y.

gyatem,



Appendix IV Continued

Stabilizers

U.8. Gov'T COMMERCIAL
USE COMPOQUND SPEC. BEQUIVALENT MANUFACTURER

Oleo Fluid . Butyl AC-4-1071 Butyl Alcohol| U.S. Industrial Alcohol Co.
(mixed with Alcohol 60 E. 42nd St., New York, N.Y.
Castor 24il- | | = = = = = = 4 = = = = = - - 4

See Castor

011.) Also Diacetone

for Brakes AC-1h00oL Alcohol

Gyro-Pilot- Automatic Sperry "S5.8."| Sperry Gyroscope Co.,
(Sperry) Pilot 0il 0il;Spec. P- | Brooklyn, N.Y.

Flap Cyl- 69555 or Mo- | Socony Vacuum, Inc., 26 Broadway
inders Biledl "'8.8." | oy York, X.¥.

Spark Plug Spark Plug AC-3578 (Special) B-G Corp., 136 W. 42nd St.,
Threads Lubricant New York, N.Y,

Cleaning Cleaner AC-2001L "Cel-U-Clear' | Nicholas-Beazley Airplane Supply
"Plasta- Co., Floyd Bennet Field,
celle" and Brooklyn, N.Y.

celluloid

Engine Gasoline AC-2-95 Aviation, gas- | (Various)

fuel (All (See Wright oline, commer-

Cyclone Spec. 5803%) cial octane

"F-50" and rating 8.7

"G" Series) (0. By)

Cleaning Kerosene Fed. VV- Kerosene (Verious)

Bomb Racks K-211

Repair Fuel- Bakelite Pratt and Pratt and Lambert,

0il Tank Varnish Lambert Buffalo, N.X.

Seams #2108

Repair Fuel- Glyptol | -—--——-- General General Electric Co.,

0il Tank Lacquer Electric Co., | Schenectady, N.Y.

Seams Primer No, 1201

Polishing Silver Fed. P-P- Wright Silver | J.H. Wright & Co., Keene,
Reflectors Polish 5714, Type Polish New Hampshire, U.S.A.

TTAII or TlB it

Thinner Benzol 2-58-B Benzol Standard 01l Co. of New
Rubber Jeraey,
| Cement, 86 Broadway, New York, N.Y.
Attaching Liquid Rub., | ======= "Plaat ikon" B,F. Goodrich Co.,

Rubber Walk=- | Cement Akron, Ohio

ways to Rub- Ligquid Rub-| ====w-- ' Neoprene Ce- |E.I. duPont de Nemours & Co.,
ber & Metal ber Sealing ment Type T Philadelphia, Pennsylvania

Cement

Seal Metal Plastic W | =r=m-e== Bostik Uni- B.B. Chemical Co.,

Radio Mast to Rubber versal Cement | Cambridge, Massachusetts
FPlagticele Cement No., 292 '

Attaching Liguld | ======= Vulcalock B.F. Goodrich Co.,
Abrasion Rubber Cement No. 1 Akron, Ohio

Sheoeg to Cement




Appendix IV Continued

TS AL COMMERCTIAL
USE COMPOUND SPEC. EQUIVALENT MANUFACTURER
0il-Forced-Feed Lubri- AC=-2-91 "Elektrion" |DeGavel & Roegilers, European
cation for Engines 5050 Refiners

(Cyclone "G" series);
for universals, plain
bearings, open friction
Joints, and bearings.
(See Wright Specifica-
tion 581l7-A.)

"Aero Heavy
XH

Dutch Shell, European
Refiners '

"Wolf 's-Head|Wolverine-Empire Refining Co.,
150 H.O. 51 Madison Ave., New York, N.Y.

"Texaco"120- [The Texas Co., 125 E. lond St.,
WAC -F New York, N.Y.

Gulf 0il #60|Gulf Refining Co., 3800 Gulf
Airfleet |Bldg., Pittsburgh, Pa.

"Stanavo" Standard 0il Co. of New Jersey
D-5F 26 Broadwsy, New York, N.Y,

Esgo Avia- Standard 0il Co. of New Jersey

tion 0il 26 Broadwsy, New York, N.Y.
120-G

"Socony" Socony Vacuum Co., 26 Broadway,
TAATL New York, N.Y.

INTAVA

"Green

Band"-For-

eign

"Sinclair- [Sinclair Refining Company,

Penn" 120G |630-5th Ave., New York, N.Y.

Note:

In the foregolng list the U.S. Government Specification shown in some instances

may not be ldentical with the Commesrcial Equivalent, but will be that which ap-

plies most closely.




APPENDIX V
Fage No. 1

CLASSIFIED FITS FOR *"AN" BOLTS (INCHES)

AN Bolts- | Nominal Fit 1 Fit 2 *Fit 3 Fit 4
Bolt Limits, |Hole Size (St'd. Ream) (8td. {Drill)
Dia. of Ream) Drill)
New Bolt
| +.0000 +.005 +.005
AN% .189 .190 #10-32 Bolt Not Used |.189 .193
(3/16) -.0025 in Primary Structure -.000| -.000
+.000 +.000 +.006
ANL 249 .250 250 +.001}) .250 +.002].250 257
(1/%) -.003 -.000 -.000
+.000 +.006 +.000
ANS .3115 .3125 [.3125+.001] .3125+.002].3125 .316
(5/16) -.003 -. 000} ~-. 000
+.000 +.008 +.0008
ANG BTh 375 375 +£.001) .375 +.002(.375 371
(3/8) -.003 -.000 -.000
+,0000 +.008 +.008
ANT7 L4385 4375 L4375+.001 | L 4375+.002 | 4375 4531
(7/16) -.0035 -, 000 -.000
+.0000 +.008 +.006
ANS .bog .500 500 +.001| .500 t.002 |.500 .5156
{(1/2) -.00%5 -.000 -.000
+.000 +.002 +.008] *For Phenol
AN9 5b15 .5625 |56254.001 | .5625 .5625 Fiber, drill
{9/16) ~. 00k -.001 -.000| hole 1/64
+.000 +.002 +.010| larger than
AN10 | .62L 625 | 625 +.001] .625 .625 bolt.
(5/8) -. 00k -.001 -. 000
+.0000 +.002 +.010
AN12 | .Tho 750 L 750 4.001 | .750 . 750
(5/4) -. 0045 -.001 -.000

Fit '1: Use vhere 1 cr 2 bolts are used as hinge or connecting pins in primary
structure such as fuselage, wings, mounts, struts, controls, which are subjected

to reversible loads or vibration.

Fit 2: Use where a number of bolts are used in primary structure to attach fitting

to structure subjected to reversible loads or vibration and where a rigid joint
connection is essential.

Fit 3:

Use where bolts are used to attach brackets, clips, accessories, or where

a quantity of bolts are used to attach sheet or plate material such as cover
plates, tension field splice connections, etec.

Fit b4; Use where a loose fit 1s desired on bolts attaching certain brackets, fit-

tings, or accessories in order to fit interchangeably, or on installations where
Jigged holes are not necessary.

¥UAN"™ means Army and Navy Standards.




APPENDIX V
A Page No. 2

STEEL BUSHING TOLERANCES (Inches)

I Inside-diag.- ReémISize [} 'C.D’ of | Tolerance! Tolerance

|l of Bushing || (press fit Bushing (Short | (Long Bushing

; on 0. D.) Bushing) | --over 1z"

_ B long)
. 3125 L3145 +.0005 |  +.0000
-, 0005 1 -.0005

+.001 |f |

375 V37T +.0005 +.0000
-.000% || -,0005
+.001 :

4375 4395 %,0005 +.0000
-.0005 -.0005 __H
+.001 :

. 500 .502 b 4.0005 +.0000
-.0005 ﬁ ~.0005
+.001

. 5625 L5645 +.0005 +.0000
-, 0005 -. 0005
+.001

625 621 | +o00s | +.0000
-.0005 || i i -. 0005

TAP DRILL SIZES (FOR FINE THREADS)

Tap Size Tap Drill Size
#10-32 #235 (.154)
1/4.28 # 3 (.213)
5/16-24 I (.212)
3/8-24 | Q (.332)
7/16-20 25/64 (.3906)
1/2-20 29/64% (.4531)
9/16-18 35/64 (.5156)
5/8-18 37/64 (.5781)

- 3/4-16 11/16 (.6875)
7/6-14 13/16 (.8125)

1-34 15/16 (.9375)
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