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SECTION I 

INTRODUCTION 

In the design and construe tion ot the Douglas 
Transport, the manufacturer has developed and incor­
porated a number of ~n1que theories and devices new 
to the aeronautical industry. With ttlese innovations 
in mind, he has endeavored to oompile a handbook whioh 
Will adequately desoribe and illustrate the construc­
tion, operation and maintenance ot these devices and 
the airplane in general. 

-1-

This handbook is divided 1nm convenient sections 
sueh as :tuselage, wing, landing gear, brakes, power 
plant, heating, etc., eaoh of lhiah contains descrip­
tive data as to construction, operation, maintenance 
and other information essential to obtain 1he best re­
sults in operation and maintenance of 'the subject which 
it treats. 

While the reduced scale drawings inoluded in this 
hand book are, sutti oiently oomplete tor purposes of rou­
tine 1nspeot1on, installation ot equipment md :field 
overhaul, they should, in the case of any major over­
haul or the a1rpl~ne be supplenented by complete detail 
drawings. A thorough study ot 'the drawings should pre­
oede any work on the airplane. 
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A. Charaoteriatioa 

SECTION II 

DIMENSIONS AND WEIGHTS 

1. General-Dimanaion1 

Over all Span • . .••.• · . • . . • ••• • ••• • • • • . • • • • 85 ti• 

-1-

OYer all Length • • • • • • • .• • • • • • • •. • • • • • • • • • • • 11 tt . 11 3/ fa in 

Overall Haight, Flying Position••••••·•• 81~t.11/8 in. 

OVera11 Height, at Rest•••·•·•···••·•··· 16 tt. 3 5/8 in. 

Height Propeller Hub above Ground, 
Flying Position••••••••••••••••••••••• 6 rt. 10 3/4, in. 

Height Prope.ller Hub above Gra.ind, 
at Rest•··••·····•··••··•·•·•·•••••·•• 104 inohea 

Clearanoe ot Propeller Tips 1io Ground, 
~lying Position····••••·•·••••••·••••• 16 3/4 in. 

Clearanoe ot Propeller Tips to 
Puselage •••••.•••••••••• ·• •••..••••• .•••• ll 1nohes 

2. Winga 

Center Panel. 

Airfoil seot1on ••••·••••·•••••••• N.A.C.A. 2215 

Chord•••·•••••·•·•••••••••••••••••••·• 170 in. 

Area (ProJeoted J-rea_) 

Outer Panel. 

• • • • • • • • • • • • • • • • • 855 sq. tt • 

A.irtoil Section·••••·•••••·• to N.A.C.A. 2215 at Root 
N.A.C.A. 8209 at Tip 

Dihedral (Meaaured at top surtaoe) •••• 6 degrees 

Inoidenoe •••••••••••·•···••••••••••••• 8 degrees 

Area ••.••••••••••••••••••••••••• ·•.. • • • 184 aq. rt. 
Total Wing Area (Including Ailerons) •••• 939 sq. tt. 

Area ot W1JJg Flaps Ino1 uded in AboTe • • 118 sq. tt. 
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3. Ail e rons 

Area aft Hinge Centerline (each) ••.••. 34.85 sq. ft. 

Area of Balance {each) •••••..•.......• 8.56 sq. ft. 

Total Area ( each) • • • • • • • • • • • • • • . • • • • • . . 43. 41 sq. ft. 

Area of 
Only) 

Aileron Flap (Right Aileron 
Included in above on: 

Airplanes 123? to 1256 incl. 
1301, 1303, 1305, 1323, 1324.1.25 sq. fto 

airplanes 125? to 1261 incl., 
1286 to 1300 incl., 1302, 
1304, 1306 to 1322 incl., 
1325 to 1335 incl., and subsequent 

4. Vertical Stabilizer 

Area 

5. Rudder 

• • • • • • • • • • • • • • • • • • • • • • • • • • e • • • • • • • 

1.85 sq. ft . 

22.55 sq. ft. 

Area aft Hinge Centerline· ••..•.......• 36.2? sq. ft. 

Area of Balance ............ o •••••••••• 6. 23 sq. ft. 

Total Area . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . 42. 5 sq. ft o 

Area of Rudder Flap (Included in Above}. 2.98 sq. ft. 

6. Horizontal Steblilzer 

Overall Span .................... . ...•. 25 ft. 8 in. 

1.rea ................. o • • • • • • • • • • • • • • • • 92. 2 sq. ft. 

?. Elevators 

Area aft Hinge Centerline 

Area of Balance (each} .............•.. 

26.69 sq.ft. 

2.61 sq.ft. 

Total Area (each} ········ · ··••o••····· 29.3 sq.ft. 

Area of Elevator Flaps (each) ...•...... 3.9 sq.ft . 

8. Landing Gear 

Tread ... o ••••••••••••• (\ ••••••• o • • • • • • • • • 18 ft. 

Axle Centerline aft of Leading Edge 
of Wing.. . . • • . • • . • . . . . . . • . . . . . . . . . . . . . 25 1/2 inches 

Tire Size ...•............ . •...•......• 42 X 15:00-16 
(10 ply) 

Revised 11-24-34 
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B. Weights (Normal loading) 

We i gh t Empty • • • • • • • • • • • • • • • • • • • • • • • • ••• 

Crew (2 at l?0 lbs. each) •••••••••••••• 

Steward • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Fuel (265 gallons) ••••••••••••••••••••• 

Oil (24 gallons) ••••••••••••••••••••••• 

Passengers (14 at l?0 lbs. each) ••••••• 

Cargo and Baggage . . . . . . . . . . . . . . . . . . . . . . 
Full Gross Weight • • • • • • • • • • • • • • • • • • • • • • 

-4-

12,1?3 lbs. 

340 lbs. 

170 lbs. 

l,?5? lbs. 

180 lbs. 

2,380 lbs. 

1,200 lbs. 

18,200 lbs. 

Wing Loading •••••••••••••••••••• 19.2 lbs./ sq. ft. 

Power Loading..................... 12.7 lbs./h. p. 

NOTE: A Department of Commerce _approved loading sched-

ule is shown on page 5 so as to enable the ground per­

sonnel to familiarize t .hemsel ves with the proper dis­

tribution of weights when loading the DC2-120. 



DuUGLA~3 DC- 2 

Weight :hmpty 12173 Lbs. 

UNITED J11AT~ DEF ARTA~ENT Of COM.MJIBC·B 

AERONAUTICS BRJu'l\fCH 
LO.ADIHG SCiiEDUL~ 

.::>bHIAL 130? NC-1427 4 
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Gross ,J eight 18200 Lb~. 

DISTHI!31ITION 'OF Ci'JiGO TO H.iAR CUMf AHTl,!~{'11 

(Remainder of Lood to be }·laced in Front Cumpartr:1ent 
Total Curgo Load 100 200 300 400 500 600 700 900 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2GCX: 

0 Max. 100 200 300 400 500 600 6?0 ?10 ?40 ?SO 810 S50 390 920 ~60 990 1000 1000 1000 100( 
Min. go 120 150 1so 210 250 2so 310 340 390 410 440 470 500 540 600 100 soo goo 100c 

1 or 2 I.~ux. 
.Min. 

160 200 300 400 470 500 540 580 610 650 G90 7f0 7~0 790 320 360 900 930 970 lOC( 
160 l?O 210 240 270 300 030 370 400 430 460 500 500 560 b9U 620 ?00 300 900 lOCX 

- -- - -
3 or 4 Max. 200 200 290 330 360 400 430 4?0 500 540 550 610 650 690 ?20 760 soo 930 

Min. 200 200 230 260 290 ~20 350 390 420 450 490 520 S50 bSO 610 650 700 300 
5 or 6 11ax. 190 190 230 260 000 330 370 400 440 470 510 550 550 620 650 690 720 

Min. 190 130 210 250 280 310 340 390 410 440 4?0 510 540 570 GOO 640 700 
:.') i,-----+----l---+------l~~---+----+----+---+----+--~--+------l~--+----+---+----+----+----+-----+----4----1 

~ ? or 8 ~ax. 110 160 190 230 270 300 340 370 410 440 480 510 550 580 620 650 690 
Q Min. 110 140 l?O 200 230 260 300 j3Q 360 390 430 460 490 520 560 600 6DO 
~~ ---9-o_I_' -l-U-t--11_a_x_.-+-l-O-O---t-l-6-0--+-l-9-0--.--2-3-0-+-2G-0--+-3-0-0-+-3-3-0--+-3-?-0-+-4-0-0-+-4-4.-_0--+--4-7-0-+--5-l-0-+--55-0--+--5-9-0--+--6-2-0--+--6-5-0-+--7-0-0-+----+------1--a 

~ i------+--k_in_. --+-_3_0-+-_6_0-+-_9_0-+-1_2_0+-L_r;· G_\ +-1_9_0--+-2_2_0-+--2_5_0-+-2_8_0-+---3_1_0--+-_3_5_0--+-_3_8_0-+-_4_10---+-_44_· 0--+-_5_0_0-+--_o_0_0-+ __ 7_0_0-+------.~--+----a 
P... 11 or 1 ·2 Eax. 100 190 230 2GO 300 330 370 400 440 470 510 550 580 · 620 650 690 720 

0 0 0 10 40 70 100 140 170 200 230 260 300 400 500 600 700 

13 or 14 t.iax. 100 200 290 330 350 400 430 470 500 540 570 610 650 680 ?20 ?50 790 820 
Min • 0 0 0 0 0 0 0 0 20 50 100 ~00 300 400 500 600 ?OU SOU ..__....,__ ___ __._ __ _,____...._ _ _,__ __ ____. _ ___._ _ __.__ _ _.._ _ __,__ ___ __._ _____ ____._ ____ __,___ _ __._ _ ___. _____ --L-.._---L. __ ..__ -

Note: For total cargo loads of less than 200 Lbs. Ballast rear compartment to 
-- loud r~ired .. u:~),-e_ss passc.:n{·.~rs arc seatud from the rear. 

,f\ ;' / --- ' / . ,.., ,,, ' 

ai.pproved l { ;/ / / / .; ,1;., . / Approved: 1 

, \, / / ./ .. ' . ... _( 

/ ;/ j('r/ .... /,"/'-C-:r:· e,_.1,..-:.:._./_--1,:..._ ·-.. :,.·,.:;,,/, . . ,,. ·-
.... ~ -~gineering Inspector --A-ir_l_1_· n-e-I-+n_s_p_e_c_to_r ________ _ 

., 

,,,-'1.J. S. Dept. of Commerce U.S. Dept. of Commerce 
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.l.. Towing 

$ECTION III 

GENERAL INSTRUCTIONS 

l. Attaonment tor towing may be made on the landing gear 
axles and on the tail wheel axle. 

B. Leveling 

1. Pina upon whioh to plaoe a spirit level are located 
under the oenter wing section, near and approximately in line 
with the tront landing gear strut attachments and on the right 
side ot the tuaelage between the third and tourth cabin windows. 

c. Hoieting 

1. Complete Airplane 

(aJ The airplane is provided w.ith attachments tor 
three point suspension. Two fittings are lo­
cated on the wing tront spar within eaoh na­
oelle. Access to these fittings is gained by 
removing the two oover plates trom the top ot 
each nacelle. The third point ot attachment 
consists ot a oable permanently seoured with­
in the tuselage structure Just torward ot the 
vertioal stabilizer. Access to this oable ia 
gained by removing a oover plate at this point. 
Figures la and lb, Pages lOa and lOb, give 
intormation on the hoisting slings and fit­
tings necessary for handling. 

2. Tripods 

(a) Wing stands or tripods are to be used for sup­
porting the airplane while work 1s being done 
on the landing gear. Fittings for the attach­
ment or the tripods are located on the oenter 
wing panel Just outboard of each nacelle. 

(b) To attaoh the tripods jack up the airplane. 
Two jack pads are provided on each landing 
gear unit. Remove the cover plates trom the 
inner rear attachment fittings. Place the 
tripods 1n position and attaoh with 3/8 x 24 
standard airoratt bolts, These bolts are 
carried, along with a sooket wrenoh, in a lea­
ther bag attached to one of the tripods. The 
2 1/8 1noh long bolts are tor the front fit­
tings, and l inoh long bolts tor the inner rear 
fittings and the l 1;, inoh long bolts for the 
outer rear fittings. 

Revised 5-7-M 
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3. Wings 

(a). Bamove screws :trom. the upper aurtaoe ot the 
outer wing panel and attaoh the tour hoist­
ing fittings end the tour strand sling. 
Figure 1, Page 10, shows 'the points at a't­
taohment. 

4. Fuselage 

(a} In hoisting 1he fuselage alone or the tuse­
lage and center wing panel e.s a unit, the 
sling shown in Figure la, Page lOa, should 
be secured to the front spar wing-to-:ruse­
lage attachment fittings. Access to these 
ti ttings is gained (when the wing is in 
place) by removing the wing-to-fuselage fil­
lets. The oable, located forward o~ the 
vertical stabilizer, forms the third point 
of support tor this opera ti on as well as 
that or hoisting the complete airplane. 
Note: When using this $ling to hoist the 
fuselage and center wing panel as a unit, 
each engine section and the outer wing pin­
els must be removed and all tuel drained 
from the tanks. 

5. Power P~ 

(a) The engine section complete, except for the 
propeller and oil, may be hoisted by attach­
ing a sling to the lugs provided on the en­
gine cylinder heads. Aooess to the lugs may 
be gained through the two holes in the anti­
drag ring. 

D. Lashing Down 

_,_ 

1. The airplane may be lashed down at three points; .namely, 
each wing tip an:i the jury tail skid. Tie down cables are stowed 
in a leather bag on the rear wall of the baggage oompartment. The 
cables may be attached 1X> eyebolts on the lower surface of eaoh 
outer wing panel and to a bolt in the jury tail skid. 

E. Engine Covers 

1. A cover for aach engine is stowed in the rear fairing or 
each nacelle. These are accessible by removing the inboard oircu­
lar cover plate marked "engine cover". 

F. Starting or Engines 

1. Suggested procedure for starting is as follows: 

( a) Set tank selector valve to tank required. 

(q) Set engine fuel selector valve to "both-on". 
(The primer takes ott the right tuel pres­
sure gauge line.) 

Revised 6-21-34. 



(c) 

(d) 

(e) 

(t) 

Work the wabble pump until pressure shows 
on both gauges • 

G1 ve about two 1u11 strokes of the 1hrottle 
of engine desired. { If mgines are not 001d, 
two full strokes will be unnecessar y .) Note: 
Do not start the engines when carbur etor heat 
control 1s in the "hot" position. 

Set main switch to airplane's batter:/ or to 
battery oart. (This switch is located on the 
mail compartment wall aft of the co-pilot. ) 

Push main 1gni t1on switch "on". 

(g) Set engine switch for engine desired. 

(h) Set starter selector switch for engine de­
sired. 

(i) Push starter button. 

NOTE: The spark is retarded au tomatioally by a special solenoid 
working in unison with the starting solenoid vhen the starter 
button is pushed. The booster ignition also goes on automatical­
ly When the starter button 1 s pushed. 

2. For starting either engine with the handorank it is nec­
essary to push the starter button in order to get booster ignition 
and spark retard. (The handcrank is st.owed.in the rear baggage 
oompartnen t. ) 

G. Identification of Lines 

l. All lines are painted w1 th a l inch wide colored band 
near each Joint and oonnection, and at w.ch intermediate points 
as necessary. The following colors are used for identit'"i ca t1on : 

(aJ Gasoline lines and connections •••.•••.••..• . RED 
(b) 011 lines an d connections • ••. .• ••••••• . • • YELLOV/ 
( c) De-icer air lines • • • • . . • • . . • . • . • • • • • • • • • • • GREEN' 
{d) Vacuum air lines ... ... .. . .... . .. ........... . BLUE 
(e) Retracting lines ... .... ......... .... .. . . ~ ...... 2LACK 
( f') Supercharger Pressure . . ..... . .... ~. • • • • • • • • OH.ANGE 
( g) Fire ext1ngu 1 sher • • • • • • • • • • • .. • • .. .. • • • • • • • • .. BROWH 
{h) Brake lines •• •••••• • ,. • • _,. . . ..... ...... ..... PURPLE 
(i) Airspeed stati c tubes .. .. .. ... ... .. ... -WHITE & BLUE 
( j) Airspeed pressure t ubes • • . .. • • • • • • • WHITE & GREEN 

H. Walkways 

1. The center wing section between the nacelles and the 
:fuselage 1s reinforced tor w alkvray purposes. If, at any t i n:ie j) it 
is necessary to walk on the outer wing panels or on top of the fuse -­
lago, padded boards sho uld fi r;.. t be l aid down. 

Revised 5-24-· 34 
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I. Door Keys 

1. One key will unlatch all doors with the exception of 
the lavatory door. 

J. Tire Pressure 

1. The proper air pressure of the landing gear tires is 
40 pounds each and that of the tail wheel 55 pounds. 

K. Cargo and Baggage Tie Down 

1. The cargo and baggage compartments are equipped with 
permanently anchored brackets for the attachment of tie do~n 
straps. The tie down straps are easily adjustable in length 
in order to accon~odate varying quantities of cargo and bag­
gage. 

L. Surface Control LocKing Strsn 

(Refer to Paragraph 1 (a), P6ge 38.) 

1. To lock the surface controls, CTove the pilot's control 
column to its full forward position. Hook the locking strap on 
the spoke of the wheel and wrap one turn arou!ld the column and 
wheel spoke; then buckle to the peQel strap. The pedal lock 
strap is applied by placing the provided chunnel across the pi­
lot's foot rests v, i th the strap loon around the pedals. Wrap 
the strap around esc~ foot rest snd buc~le to the ccnt~~l col­
umn strap. 
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SYMM ABOU1" f_ OF SHIP 
EXCEPT AS NOTED 

NOSE HOOD 
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I. 

BATTERY BOX 
L. H. SIDE ONLY 

NOTE:-
BELOW ARE GIVEN POINTS AND 
METHOD OF HOISTING-
A - COMPLETE AIRPLANE 
B - FUSELAGE ONLY - SEE PAGE 7 PAR.~ 
C - OUTER WING ONLY · 
D - ENGINE SECTION COMPLETE EXCEPT 

PROPELLER & OIL 
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PAGE 10 

HOISTING POINTS & 
INSPECTION DOO·RS 

FIG I 

L,,,4-:'\ ANTl;;NNA 
" ' COUPLING UNIT 

R.H . SIDE ONLY <__.. ELEVATOR FLAP 
~ --~ .. CONTROL ROD 

.. ," ~ 
'Z......... \ ,,:::;,,---___ .... ,' 

----------y 

----TA1L LIGHT JUNCTION BOX 
L .H. SIDE ONLY 

L-----....UDDER MAST 
R.H. SIDE ONLY 1/~J L,,) i7 

L.-1 v , ------r ~c.) ~ •. 
L-------wUDDER & ELEVATOR CONTROL 

R.H . SIDE ONLY 

/ ----"~----------rFUEL VENT 
,,,../ <,~ AUXILIARY TANK 

Oq_ «<~ AUXILIARY TANK GAUGE 

r:~/_.,.,./ ::::-:------- ~ ', .I.,_ H. SIDE ONLY 

N ,, 
_, -- ------ ·=· ~ ------ -:· ~ ', -- . - ~ 

WING LIGHT JUNCTION BOX ~- ,:. ••• -~ ______ .,_

1 
.___ __ ANDING GEAR SHOCK CORD 

.___---FUEL VENT MAIN TANK & MAIN TANK GAUGE 
------- / ·-

I 
I 
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SECTION A-A 
HALF SIZ.E 

U- PLATE 2 REQ D. 
.094 C. M. 5iEEL 

-----10 ---

TUBE I REO1 D. 
I x.049 C.M. STEEL 

C.M. STEEL 

I I 

'· I I 
I I 
I I 

I I 
I. I 
I I 
I I 

I : 
I I 
1 · I 

I I 
I I 

B 

GUSSET 2 RE01 D. 
.0 94 C.M. STEEL 

TUBE 2 REQ\D. 
Ix .049 C.M. STEEL 

~-----------37 ----------------+.--------------37 

~-- ---------------------------74 

77 

AN 6 ... 30 BOLT 

STRAP 2 REQ1D . 
• I 28 C.M. STEEL 

---- U- PLATE I REQ1D . 
. 128 C.M. STEEL 

..!..R 
B 

SECTION B-B 
HALF SIZE 

REQ'D. 
AN 100-8 THrMBLE 4 REQ'D. 

GUSSET 4 REQ'D . 
. 094 C.M. STEEL 

BUSHING 2 REQ'D. 
117425-5$-210 

SECTION C- C 
HALF SIZ.E 

L 

85 

PAGE IOa 

FUSELAGE HOISTING 
SLING 

SPACER I REQ'D. 
½_ X .049 C.M. STEEL 

AN 5-24 BOLT 2 REQ'D. 

CABLE 2 RE01 D. 
~ -7x 19 STEEL CABLE 

COVERING 2 REQ1 D. 
¼i. RUBBER HO SE 

SPLICE 4 PLACES 

AN I IS -46 SHACKLE 
2 REOD. 

MAKE FROM ,¾. C.M. STEEL 

AN 5-24 BOLT 2 REQ'D . 

FIG. la 
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WELD 

SWEAT SOLDER 
CABLE IN TUBE 

4 

SLING- NACELLE HOIST 

SECTIONB-B 
FULL SIZE 

TUBE I REQ"O. 
I½ X.049 C.M. STEEL 

CABLE 2 REQ'D. 
J/4. 7 l9 EX. FLEX. STEEL CAB E . 

.4S5 S D RILL.44~ 2 HOLE 

I 

/ 

1 TUBE :;t8X.065X 8 C.M. STEEL 
I REQ'D. 

BEND AFTER ASSEMBLY 
SWEAT SOLDER 

--

TUBES TO BE SLOTTED 
AND SPRE-:AD OPEN AS 
SHOWN BEFORE WELDl NG 

AN I 00- 6 THIMBL;:_ 
4 REQ'D. 

WRlf P r ·. c ld·e r 
SPUCE t .W~--­
A-GGOROtNG- · T 0-S-PE C.:. 
---A-e· 98 2 5 513- · .-
.. N AVY---A~ 

BUSHING 2 REQ'O. 
¾x.083 CM STEE 

I DlA . BAR-BOSS 
WELD TO LUG 

SECTION A-A 
FULL SIZE 

,455 
RILL44.3 

2 HOLES 

WELD ASSEMBLY 
H.T.- NORMALIZE 
FINISH - CAD. PLATE 

,, 
'. ? ,( !.~ -~- /' 

t ✓ 1•, ~ 1 } L,: , 

tS'PLl-C.E & W RA P 
¼cCOROl.NG TO · 
SPE'~AC 982 5513 
NAV.::t. -A ERO P-10 

ANI00-8 _ THIMBLE~ ~-
4 R EQ" D. ...___ __ 

AN 7-15 BOLT 2 REQ'D--~~ 
AN 310-7 NUT 2 REQ'D ~ ~ 
Bus. 'f ~ I G -:, R t:Q') ~ -r, .... ' '- •. - . . 
!i/sx.083 c.~· .. !. STEEL , 

\ 

-·-· -t 
. - \ 

4 

\ 
1---

CABLE 4 REQ'D. 
¾2 -7X 19 EX. FLEX. STEEL 

CABLE AC- 48-35 NAVY 22-C- 6 
LENGTHS GIVEN 

I 
i I 

I 
I 
' 

I 
I 

I 
i 
I 

68l. z 

PAGE_JOb~ 
DR ILL 1/4 
2 HOLES 

+ 
¾ 

TO INSIDE EDGE I 

~R 
8 

~

LL DIMENSIONS '---.:,,Jf----~ 

OF RIN G I _l 

\ / (j._
2 
~"-f.l2s 

\ 

48.!.. 
2 

\ 

I 
\ 
\ 

55.L 4 

\ 
I 

t::,\ LINK 
'(.!.} 4FliQ'D. 

MAT'L.-C.M . STEEL 
NORMALIZE 

_. /,~AN 165-16L I REQ'D. 
1 / ,r- AN f 55-f6L I REQ'D; 

,. 
1 

-- A' 1 ' 5 0 ··16 ' I R l="Q'D V ; , " . ' . J ~- - • 

/ r AN 310-3 NUT I REQ'D. 
\\ / / AN 3-5 BOLT I REQ'D I ! • 

I ' 

I ' 
I I 

/ I 
,' j 

., I 

1,\\ / / \.\' I _I ~- : 

. i 

1\' j 
.? i 

·~\: I ' ! 

, / i ~ LN N~ R F8QJ.J.J 
' ~ f • 

:-._ \ / ~ _:SLING-__ Ql)TER_ 
d ,\ _YVJN G ____ f:A_NEL_ 
c!J 

, 1, OUTER FRC;l\lT 
" AN I 00- 5 T HIM_BL E 

I 
I 
i 

----- 33~ ---
2. 

-- ··-- - - - - ---- ... 

I REFER TO DOUCL AS ow'c -=2475 13 

LWELD_ AS SHOWN 

4 R EQ' '.) . 
l ! 02-.;2-4- lO BOLT <1 REQ'J, 
AN 3 10 - 4 NUT 4 RE~':.-. 
AN9,:'. Q-4 16 WAS ri_E_R _8 R':-.: Q' : - Fl G I b 

--~- -··--·· ... -



' GO 
0 
ff) 

' 

:> ., 

( 

SYMM. ABOUT <t, OF AIRPLANE 
EXCEPT AS NOTED 

WING FLAP MECHANISM 
JUNCTION BOX MAIN FUEL GAUGE 
MAIN FUEL TANK PETCOCK 

__ ,..,,. 
~ -- -c:: -- ~--L' 

: J' I ~~----·-; 
' 

~' i , , I 

\! 
I 

ENGINE CONTROL CABLES ----------­
CONTROL BELL CRANK 

AILERON CONTROL CABLES--------

I 

IT' 
;'I~ ~. 

PAGE 11 

',-i--
\ f-- - ---=-.r--_, 
~· ----, ') 
I I , 

~ L-/ 

INSPECTION DOORS, 
COVER PLATES & 

TRIPOD RESTS 
.,,,,,,,, 

FIG. 2 

I 

\ / 

{ ELEVATOR FLAP C-'.:>NTRO! ROD 

~--------LAVATORY FLOOR ATTACHIN~ SCREWS 

•~-------TOILET TRAP R.H. SIDE ONLY 

~------- AILERON MASTER HORN 

.-------- PETCOCK AUXILIARY FUEL TANK 

.---------- AuXILIARY FUEL TANK 

.------ DUMP VALVES & MAIN FUEL TANK CONN. 

/T--
p :: 

AILERON CON~ROL ~/~ 

''
k:::: ~ ---'~ ,I __ - i'-, 0----- - - . ---J '1 -r I 1 

I , 
I 

\ 
_______ Jlj"------

~--;---;---+-+---+--"<-,.,,._ ---➔---- __ _j ,I._ --

TIE DOWN CABLE 

I 

t:::::J a a c::; Ii ; 

c:J C:J :-----.---,,,__.......,_---=i=:..L.----+--+----,.""'---.1 
: i -r---~=~--"'jlllrt'".---~::s=.--:::::--------, 
J i ., 

-o/ ,,, 

-----

AILERON FLAP CONTROL RODS 

--- JUNCTION BOX WING TIP LIGHT 

- AILE.RO~ FLAP CC"NTROL DRUM 
~- AILERON CONTROL BELL CRANK 

--- AILERON CONTROL CABLES AILERON CONTROL CABLES------­
TRIPOD RESTS 
LANDING GEAR HINGE BOLT 

FUEL & INSTRUMENT LINES 
FUSELAGE ATTACHING BOLTS 
WABBLE PUMP FUEL VALVE 
BATTERY 
ELECTRICAL CONDUITS 

----------HYDRAULIC BRAKE LINES 
...___ _______ MAIN FUEL TANK 

------ENGINE CONTROL PULLEYS & TURNBUCKLES 
-=>----SURFACE CONTROL CABLES 
----- FUEL LINES 
------- - VENTILAT()R C0NDUIT 
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( A. Desoription 

SECTION IV 

FUSELAGE 
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1. The fuselage is of semi-monocoque construction consisting 
essentially of transverse frames TIE.de ot formed 24ST Alclad sheet, 
and longitudinal members of 24ST extruded bulb angle. Some special 
longitudinal man bers are made of 24ST Alolad s.neet formed as chan­
nels. The ruselage covering 1s 24ST Al.clad sheet. 

2. In oase of' replacing structural members, such as tranave.rse 
frames or longitudinals, it 1s important to follow the material speo­
itications as noted on the detail frane drawings end the frame assem­
bly drawing, #530545, which provides an index to thA detail frarrre 
drawings. In replacing fuselage covering, follow the aia ter1al spe o-
1ficat1ons given on fuselage covering drawing #536766. NCYJ.1E: The 
Departnent or Commerce has approved the replacEment of 24SRT w1 th 
24ST with the exception of all the spar webs and the center wing 
section corrugation. 

3. For care and protective finishing of structural members and 
metal covering, reter to Section XXIV, Page 15?. 

B. Ce.bin Finiah 

(See Section XXI, Page 146, for soundproofing.) 

1. The interior of the cabin f'rom the oottoG1 of the windows 
upward 1s lined with Grade A airplane cloth, stretched and doped. 
The forward wall is in one piece, attaohed by a dural strip which 
1s secured by Parker Kalon screws. At the ceiling, it is sewed to 
the ceiling piece and toth are held in place by a cloth strip. The 
side walls from the ceiling, do~n to the cold air duct, are of one 
piece held in place by a cloth strip at each end of 'the cabin. At 
each frame there 1s a dural strip which 1s adjusted into the curve 
or the ceiling by noons of an adjustable fastener at each end. 
These :fasteners are under the cold air dlots, which must be removed 
to detach or adjust the strips. Paragraph C, Page 144, outlines 
the prooedure for removing the cold air duet. Around the doors 
the cloth is attached to a dural strip which 1s riveted to the tor­
ward door jamb and is attached with Parker Kalon screws to the other 
door jambs. 

2. The spaces between the windows are covered by cloth panels. 
These panels are interchangeable and my be removed readily without 
disturbinG any other oloth portion. AJ.ong the lower edge and around 
the windows the:panels attach to dural. strips which are held in place 
by Parker Kalen screws and along the upper edge they are held by 
wires in the hem, which are at tachecl at eaoh :frame. In order to re­
place one of these panels, it is necessary to remove the two adjacent 
window frffines and the cold air duct. Paragraph K, Page 18, outlines 
the procedure tor removing a winiow frame. The replacing of a panel 
m.a~l be greatly racilitated by the use of a simple Jig, as shown in 
the window jig diagram, Figure 3, Page 14. Any sli~tly damaged part 
of the cloth oover1ng may be repaired quickly by applying a oloth 
patch. The cloth is doped with acetate dope; under no com.ition 
use a nitrate dope. 

Revised 6-2-34 
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3. Panels ot Pl.ymetal Haskelite, Grade uvu, are installed be­
tween the window line and the tloor. 'J.'he surtace which races the 
soundproofing material is per:rorated for the purpose ot assisting 
in acund control. The panels are held in place by Parker Kalon 
sorewa. A special washer is used under the head or each screw, and 
the trim atripa anap over these washers similar to a glove snap. Do 
not attempt to slide the trim strips over the washers tram the ends 
as this is liable to damage the a1uminum sheet which forms the out­
aide aurtaoe ot the panel. The trim strips may be pried oft with a 
sorew driver or similar tool. 

c. Cabin Floor 

1. '!'he tloor is of 1/2 1noh Plymetal Haskelite pamls, Grade 
uvu, which are secured in place by special screws. These aorews are 
titted w1 th shoulders which prevent them from coming out or tluJ :rloor 
panel when detached from the structure. In removing any panel it ia 
first necessary to detach the large headed so·rews and then raise the 
eft end and slip the panel rearward and out f'rom under the adjacent 
forward panel. It is not necessary to remo~e the metal strips which 
form the eclge ot the panels. Each panel is butted against rubber 
strips. care must be exercised when removing or replacing a panel ae 
injury to the rubber strips may cause the floor to leak when wasmd. 
The work of replacing a panel may be greatly facilitated by placing a 
thin sheet o:r metal on top or the rubber when inserting under the 
warm air duct. 

D. CarS9 Ocnpartment and Passageway Floor_! 

1. The passageway floor consists ot three panels of corrugated 
Alolad sheet, th• t~rward and rear of which are secured ~Y special 
serews titted With shou.J.ders that prevent them from coming out after 
the threads have been disengaged. Removal of the rear panel gives 
access to the battery terminals. 

a. The cargo compartment floor consists or panels, wh1oh are 
removable ror inspection ot control cablea, an4 permanently atta~heo 
~orrugated Alolad aheet. 

E. Lavatory 

1. The lavatory :rioor 1a ot Plymetal Haskelite and is perma­
nently attached to the surrounding structure. It is covered with a 
removable rubber mat. A drain 1s provided so that the floor may be 
easily cleaned and flushed orr. 

2. The baffle or tunne 1 may be 11fted off the toilet seat tor 
cleaning and the receptacle under the seat is removable for cleaning 
and disposal by opening the hinged cover under the fuselage and drop­
ping the croaa bar. A:rter cleaning, the receptacle should be tilled 
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witn a one quart solution of disinfectant. One tablespoonrul or 
disinfectant to one quart of water will give the correct solution. 
A quantity of "Sanitor Special Disinfectant" (West Disinfecting 
Co., New York) is carried in metal al.1ps under the wash basin. 

3. The flooring Within the toilet :rrame may be removed by 
detaching the screws which attach it to the structure. (Refer to 
hand.hole diagram, Figure 2, Page 11.) 

F. Buffet 

1. The water supply for drinking and washing 1s a 4 1/2 
gallon tank in the top compartment or the buffet. This tank may 
be tilled through the filler neok which extends outside of the 
fuselage. (Refer to water system diagram, Figure 4, Page 16.) 

2. The refrigerator, also in the buffet, is kept cool with 
"Dry Ice" (solidified carbon dioxide), which is to be wrapped in 
newspaper and inserted in the perforated hanger provided for it. 
The rate ot evaporation of dry ice will naturally vary w11h the 
outside temperaturet the cabin temperature, the number of times 
the door 1s opened, end the number of layers of newspaper around 
the ice. Therefore, the amount ot ice and the number of layers 
of newspaper necessary must be determined by experiment under the 
conditions or flight. Aiming at a temperature between 32° and 
40° F., it has been found by experiment that, with a cabin and 
outside temperature varying from 590 to 740, a pieoe or dry ice 
iO 1nohes square arxl 1 inch thick with one layer of news~aper 
lowered the temperature of the box (which was at outside temper­
a-b.lre) to 30° F. within the fi rat hour and maintained the limits 
set for a period of five hours. At this tins re-io1ng seemed 
necessary. 

G. Doors 

i'. The main entrance door, 'the cargo loading doors and the 
lavatory door are made watertight end ooundproor with a rubber 
weatherstrip which a~ould be replaced at the first signs of de­
terioration and at least every three months, as only a small 
crack Will allow a very large percentage of the total of outside 
noise to enter the cabin. 

2. For the same reason 'the rubber strips around the door 
at the front or the cabin, the emergency ex1 t door and the lava­
tory door shoul"d be replaced as soon as deterioration is appar­
ent. 

H. Passenger Chairs 

l. ·The passenger ohairs are equipped with two adjusting 
devices and a provision for racing fore and aft to give the maxi­
mum of comfort to Ule passenger. 

Revised 5-5-34 
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SCHEMATIC DIAGRAM WATER SUPPLY 
SYSTEM · 

WATER SUPPLY TANK -­
CAPACITY 41/a. GALS. 

REFRIGERATOR COOLING 
TANK -CAPACITY I QT. 

DRINKING DRAIN--

WASH BASIN SUPPLY 
FAUCET 

-----A.AAIN DRAIN TO OUTSIDE 
OF SHIP 

THIS INSTALLATION USED 
ON AIRPLANES NOS. 
1237 TO 1256 lNCL.,130I, 1303, 
1305, 1317 & 1320 

THIS INSTALLATION USED 
ON AIRPLANES NOS. 1257 
TO 126l lNCL. 1286 TO 1300 

NOTE: 

INCL.,I302,I304,I306TO 1316 
INCL.,I3I8,13I9 & 1321 TO 
1335 INCL. 

FIG 4 
TOTAL CAPACITY INCLUDING WATER IN 
COOLING TANK & TUBES-APPROX. 5 GALS. 

REFER TO DOUGLAS DRAWINGS NOS. 530575 & 536770 
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2. To tilt the entire seat forward or b3ck: 

(a) Rele~se cutch on h~ndle of cdjusting 
crcnk, loc2ted on the side of the cheir 
frame, by pulling the hendle outwsrd. 

(b) Turn the handle in either direction un­
til desired position is attcined. 

(c) Let go of handle to rllow catch to snap 
into position. 

3. To tilt the back only: 

(a) Press spring catches on both sides of 
back bar and tilt chair to desired 
position. 

4. To face chair to the rear: 

(a) Lift head cushion from top of chair 
back. 

{b) Release back rest locking pins by 
pulling release cord located at the 
base of the back rest. 

{c) Swing back rest over seat to posi­
tion on other side so that locking 
pins provided at that point will snap 
into place. 

(d) Replace head cushion. 

-17-

5. To remove a chair pull out clevis pin from the chair 
and rubber cushion at each of the four seat brackets. 

6. When detaching chairs to remove the floors proceed 
as above on the two side br~ckets. On the two floor brackets, 
remove the four bolts holding the rubber cushions to the brack­
ets, the~ detach the brackets by taking out the four bolts hold­
ing them to the floor. 

I. Cabin Equipment 

1. The various items of cabin equipment, being attached 
by screws and nut plates, are readily removable. To empty the 
ash trays, it is necessary to lift the lock spring which can -be 
reached with the finger when the· ash tray is open. This allows 
the ash trey'to rotute enough to e~pty its contents. 

2. A jump seat is installed between the rear passenger seat. 
on the right hand side of the cabin, and the buffet. The seat may 
be folded up against the passenger seat when not in use. 

J. Emergency Exits 

1. The emergency exit hatch is located overhead and midway 
between the pilotts and co-pilot's seats. 



( 
2. The emergency exit hatch is fitted with two release 

handles at the forward end. Th~se handles are painted red. 

To Open: 

(a) Rotate two RED handles toward center. 

(b) Push forward end up. {The wind will 
then carry the entire hatch away, leav­
ing an unobstructed opening in the fuse­
lage roof for quick exit.) 

-18-

3. An emergency exit door is provided at the rear of the 
cabin on the left hand side. 

To Open: 

(a) Turn release handle to right. 

(b) Push door clear of opening. 

K. Cabin Window Glass Replacement 

(Working inside the cabin.) 

1. Detach screws from window frame and remove frame· from 
fuselage wall. 

2. Remove old glass and rubber from window. 

3. Place new glass and rubber on frame. 

4. Massage rubber with soapstone or sprinkle with talcum 
(to facilitate sliding of rubber when replacing) and replace as 
a unit. 

L. Cockpit Windshield Glass Replacement 

{Working inside cockpit.} 

1. Detuch screws from window frame. 

2. Slide outboard section of glass inw&rd. 

3. Remove glass by bringing it inward. 

4. Remove screws from frame holding stationary glass panel 
and pull panel inward. 

5. Insert new glass in a reverse manner to that described 
above. 

6. S6al glass in place by means of Dum-Dum on the outside. 



SECTION V 
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A. Desort pt 10 n 

1. 'l'he wing is ot full cantilever, multi-cellular 
■tressed akin eonatruotion and consists or 1hree main panels. 
The oenter panel is built in two seotions, tront and rear. 
The two outer panels eaoh have three· notions; the main aeo­
tion, the detaClhable rear seotion at 1he inboard and. and the 
det.aohable t1p. 

-19-

8. The oenter panel oon.tains ~ree spars which are built­
up ot extruded aeot1ons ot 24ST w1 th 248RT ilolad sheet oom­
priaing _the webs. The ribs ere pressed and rormed t .rom 2480 
ilola4 aheet and 1b.en heat treated. Att ot the rear spar and 
along the lower aurtaoe, bulb angles ot 24ST are 'employed tor 
longi tu41nal manbers. The oompress1on atructure or the upper 
aurtaoe forward or the rear sp,.r oona1at• essentially of cor­
rugated 84SH'1' .Uolad sheet, the oorrugatiana running laterally. 
The ooTering tor both the upper and lower surtaoea is ot 24ST 
J.lolad lhaet. 

I. The engine naoal.les are or 88m1-~noooque oonstruotion 
and are attached to the oenter wing pe.nel by machine aorew•, 
thereby allowing removal. The transverse tram.es are torme4 
h'om 84SO Alo1ad sheet. The longi tud1nal members oonsist ot 
tlve main tormed "hat" aeot1ons, to whioh the mgine support• 
are attalhed, and or bulb angles interspersed between the "hat" 
••t1ona. The shell plating is at 24ST Alalad sheet tormi,d and 
heat treated betore riveting. 

4. The outer wing pmela are similar 1n oonatruot1on to 
the oenter panel, with the exoaption that w.lb angles are used 
in place ot 'the o:>rrugated Alolad sheet. 

5. The ailerons are ot metal rram.e construction, rabr1o 
oovered. The right aileron is equipped with a trimming nap, 
controllable trom the cockpit, to compensate tor any UDSJ111D8t­
r1oal loading. (See Surtaae Controls. Paragraph 2, Page 41..) 

6. The wing has an angle or dihedral of 5 degrees (meas­
ured on the upper surte.oe). De.ta pertinent to the span, ohord., 
type ot e.1rtoil, etc., rosy be :f'otU1d under "Dimensions aid 
Weights", Seo ti on II, Page 2. 

? • Aooeaa to the tuel tanks may be had by- removing the 
tank cover pla tea located on the underside ot 1he oenter lling 
panel just outboard ot 1he :fusel~e centerline. The tuel valves, 
wabble pump end oon trol oe.bles are accessible tor 1nspeotion, 
etc., by rm1ov1ng the small cover plates looated midway between 
the tank oom1»1rtments on the lower airfaoe ot the center wing 
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panel. (See Cover Plate and Inspection Door Diagram, Figure 2, 
Page 11.) 

B. To Remove an Aileron: 

1. Work through hand hole on the lower surface at each 
end of aileron and detach control rod by removing bolt. 

2. Just aft of each hinge point, remove nut from attach­
ing bolt. 

3. At small hand hole on lower surface of riBht aileron, 
disconnect aileron flap control rod by removing attaching bolt. 

4. Lower the trailing edge slightly and take aileron off 
by slipping it rearward, guiding free of torque tubes and hinge 
brackets. 

c. To Remove Outer Wing Panel: 

1. Remove fairing from wine: attachment angle. This may 
be accomplished by det&ching the four hold down clips on the 
upper surface, the two.hold down clips on the lower surface, 
and by taking out the two screws at the trailing edge fitting. 

2. Detach attachment angle fairin~ gap cover by removing 
machine screws from lower surface at trailing edge. 

3. Disconnect aileron control cables at turnbuckles lo­
cated above inspection door in iower surface of outer wing panel 
at wing attaching point. 

4. Work through inspection door on lower surface of right 
wing, just forward of aileron flap ond wrap the control drum 
with tape so that cable winding will not be lost. Then discon­
nect flap control cables at links locoted above first hand hole 
outboard of wing attaching point. It is importent that the ends 
of the control cables be fcstened to the structure of the center 
wing panel without Lllowing &n excess of slack in order to pre­
vent the cc.ble unrs.veling from the drum in the control pedestol. 

5. Remove inspection plate from outboard wall of engine 
nacelle interior and disconnect wing tip light and landing and 
warning light electrical wires at junction box on the front spar. 

6. Lower wing flap and disconnect control rod universal 
joint at wing attaching points. NOTE: It is advisable to 
caliper the distance between the adjusting nuts so as to avoid 
loss of time in adjustment when reassembling. 
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7. Remove machine screws from upper surtaoe or wing and 
attach the four hoisting sling fittings. See Paragraph 3-a, 
Page 7, and Figure 1, Page 10, for points and method of hoist­
ing. 

a. Rsnove bolts from wing attachment angle. NOTE: It 1s 
possible to remove all the bolts f'rom the lower mrtaoe with the 
exception or a few (4 or 5) at the spar points, and f'rom the up­
per surface every other one during the time the above items of 
disconnection are being aooomplished. 

9. The outer wing panel may now be lifted clear at the 
airplane. NOrE: At time of reassembly it is important that 
the floatingrfb, between the outer and center Jmlels, 1s not 
omitted. This .should be attached to the inboard end of the 
o.uter panel with countersunk machine screws before co:rmnencing 
the operati ·on of installing the wing. 

D. To Detaoh Rear Section of Outer Wing Panel: 

1. The entire outer wing panel must be detached from the 
airplane. 

2. Disoonneot aileron control cables from bell cranks, at 
inspection doors just forward of aileron. 

3. Remove ailerons. 

4. Remove machine sorews from upper end lower surfaces, 
running from the inboard end at a point approximately 2/3 of 
the ohord, to a point just outboard of 'the inner end of the 
aileron, and from that point aft to the trailing edge. 

5. Work 121rough inspection holes in 1he lower a.ir:raoe ot 
the wing and detach bolts seouring ribs to rear spars. 

6. Remove screws :rrom splioed rulb angle long1 tud1nala 
Whioh are reached through row ot cover plates on lower surface 
just aft of rear spar. 

E. To Detaoh Tip of Outer Wing Panel: 

1. Disconnect wing tip light electrical wire at junction 
box. Access to this is gained by removing the circular co·~ er 
plate on the lower surface of the wing tip. 

2. Remove screws which attach tip section to outer panel 
and pull the tip outboa~d until it is tree. 

F. To Remove Center Wing Panel 

1. Remove outer wing panels. (See Paragraph C, Page 21.) 

Revised 5-1-34 
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(See Paragraph B-1, Page 118) 

3. nemove engine section. (See Paragraph C, Page 108.) 

4. Remove landing gear. (See Sectio~ X, Puge 80.) 

5. Remove wing fillets by tcking out mschine screws and 
then remove front lower pan at lee-ding 6dge &nd fuselage junction. 

6. Remove cs bin sen ts and floor p,::.nels which are over wing. 
(See Parogrs ph H, Pege 15; P~r~gr&ph C, Page 13.) 

7. Remove cargo compartment floor. (See Paragraph D, Pagel3 ; 

8. Disconnect all lines for fuel pressure, fire extinguisher, 
brake system, landing gear retracting system, wing flap control 
and ~nstruments at the unions provided at the intersection of the 
control tunnels and the wing leading edge. 

9. Disconnect the dtu!lp valve control conduits at the unions. 
under the cargo compartment floor then disconnect the cables at 
the dump valves and pull them out of the conduit section in the 
wing. (Omit this paragraph for airplanes 1307 to 13L6 inclusive.) 

10. Disconnect all surface control cables at the turn­
buckles located under the cargo co~partment floor. Refer to 
Page 45 for locations of all turnbuckles. 

11. Disconnect all engine controls at the turnbuckles just 
aft of the firewall in each nacelle and pull them out of tne 
wing section. It is recom:riended that a threader line be attached 
to each control cable before removal . to facilitate replacement. 

12. Detvch fuel pur~p operatinf shaft at the pump and under 
the passageway floor, then disconnect the joint in the shaft and 
remove each half. 

13. To disconnect the electrical wires at the junction of 
the center wing panel and the fuselage, it will be necessary to 
remove the Cannon plugs located in the leading edge of the cen­
t~r wing section. Removal of the Cannon plugs disconnects all 
wiring pertinent to re~oval of center wing panel. 

14. Disconnect the heating systefl steam line at the union 
located where it enters the fuselage from the wing. 

15. Remove screws which attach trailing edge to fuselage 
skin. 

16. Ren:ove bolts which attach fuselage longitudinal bulb 
angles in trailing edge of wing. 

Revised 12-7-34 
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17. Remove all serews which atte.oh fuselage frames to 
upper surface and leading edge or w1 ng. 
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16. Remove screws which at taoh fuselage long1 tudinals to 
leading edge of wing. 

1g. Remove bolts which attac,h upper surface of wing to 
si de of f'usel age. 

20 • Remove bolts wh 1c h at taoh wing-spar f1 tting s to ruse­
lag e. 

21. Remove cover pla ta f'rom between leading edge and front 
spar. Take out bolts f:rora each fitting which attaches front 
s~r to fuselage.· 

22. The center wing :panel should now be :tree f"rom :fuselage. 

23. Hoist fuselage olear ot wing. (See Paragraph 4, Page 
7, for hoisting instructions.) 

G. Maintenance 

1. The wing being ot all rr.eial mul ti-oellul.ar oonstruot1on, 
it requires no maintenance. 

2. In oases o:r repair and replaoemant, the Department of 
Commeroe has approved the substitution of 24ST alloy material 
tor 24S.Rr, except for all the wing spar webs and the oenter panel 
oo rruga ti on • 
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SECTION · VI 

EMPENNAGE 

A.. Description 

1. Horizontal Stabilizer: The horizontal stabilizer is 
full cantilever and of multi-cellular construction. 24ST "Al­
clad" sheet is used throughout. There are two halves bolted 
together at the fuselage centerline and attached in fixed 
alignment to the fuselage by four (4} flange plates which are 
riveted to the stabilizer and bolted to the fuselage. Cast 
aluminum alloy hinge brackets are riveted to the rear spar for 
attachment of the elevators. The leading edge is fitted with 
a rubber abrasion strip to prevent any damage from solid objects 
picked up in the propeller slip stream when taxiing. 

2. Vertical Stabilizer: The vertical stabilizer is of 
multi-cellular construction employing extruded sections of alum­
inum alloy and sheet 24ST "Alclad". It is attached to the fuse­
lage with bolts and machine screws. Two (2) cast aluminum alloy 
hinge fittings for attachment of the rudder and a bracket for 
the attachment of the rudder flap control drum are riveted to the 
rear spar. A lug for the attachment of the radio beacon receiver 
antenna is fitted on the leading edge. 

3. Elevators: The elevators are of 24ST aluminum alloy 
frame construction ~ith fabric covering. A -twelve (12) pound 
counter weight is rigidly attached by machine screws in the 
leading edge of the balance portion of each elevator. Fafni1 
self-lubricating ball bearings are used. Trimming flaps, which 
may be adjusted from the pilot's cockpit while in flight, to 
provide adjustment of longitudinal balance, are f1tted in the 
trailing edge. (The elevator flap control mechanism is described 
in Paragraph 3, Page 43.) The elevators are interchangeable 
left and right with or without the flaps installed. 

4. Rudder: The rudder is of aluminum alloy frame construc­
tion employing 24ST "Alclad" and fabric covering. A fifteen (15) 
pound counter weight is rigidly attached by machine screws in 
the leading edge of the balance area. A trimming flap, control­
lable from the pilot's cockpit while in flight, provides adjust­
ment for variation in engine torque with either or both engines 
operating. (The rudder flap control mechanism is described in 
Paragraph 3, Page 43.) The rudder is carried on Fafnir self­
lubricating ball bearings. 

Revised 10-25-34 
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FIG.12 VIEW OF COMPLETE RUDDER FRAME 
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ELEVATOR FLAP 

[~ABLE DRUM 

F.IG.13 ELEVATOR FRAME WITH FLAP INSTALLED 
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TAIL LIGHT 
JUNCTION SOX RADIO ANTENNA -

JUNCTION BOX 

"'JURY TAIL SKID 

WITH MONOCOQUE TAIL RUDDER AND ELEVATOR REMOVED 
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B. To Remove au El.eva tor- : 

1. Disoozinect the tail light electrical wires at the junc­
tion box in the tail cone, which 1s aoceas1ble by removing the 
ins.P9otion plate on the lett side of the tail cone, and disconneot 
the trailing antenna at the pull plug aooessible through the same 
1nspaotion opening. 

2. Remove monoooque tail cone by detaching machine screws 
whioh secure it to the tuselege. 

3. D1soonneot the eleYator tla:p oontrol oables at the turn­
buoklea. located in the fuselage tall aeetion just att or the rear 
baggage compartment and then pull the cables out or the tail seo­
tion. It is el so recommended that a 'threader line be attached to 
eaoh cable before it is pulled out'1 NorE: The oabl.e drum in the 
e.levator should be wound with tape to prevent the cable winding 
from W1raveling and the md ot the oontrCll oablea 1n the :tuselage 
should be fastened seourely to prevent any undue alaok wh1ch would 
allow the oable winding on the drum 1n the control pedestal to un­
ravel. To :rao111 ta te reassembly, the control cables are mar-ked 
w1 th yellow at the turnbuckle connection on the line the.t lead• 
to the upper side ot the control drum in the elevator and with re4 
on the oable that leads to the lower side at the drwn. 

4. Disconnect the elevator control cable• at the turnbuckle■ 
looated in the tuaelage tail •ction Just art ar the baggage eom­
partment. 

5. Remove the lx>lt trom eaeh of the elevat-or h1nge brackets. 

6. Remove "Ghe two bolts wn1oh attaoh the elevator control 
stock to the horizontal stabilizer. 

7. Tilt the elevators upward (approximately 10 degreee) end 
then pull re e.rward and up to cl ear hinge brackets. 

8. Detaah the tour lx>lts whioh attach each elevator 'tO the 
control stook. 

C. To Remove Rudder : 

1. Remove the bolt :from the joint in the tlap aontrol rod. 

2. Detach the bolts which seoure the base or the rudder to 
the control stook. 

3. Remove the oolts trom each ot the hinge braoketa. 

4. Litt the rudder ott with a slight upward movem.an, and 
then a rearward pull, guiding 1 t tree from the :t'lap opera ting 
gear. 

D. To Remove a Trimm.ins FlaE: 

(Rudder or Elevator) 

l. Disoonneot the tlap control rod b7 rem.oVi?lg t1le bolt troa 
the titting at the leading edge ot the tlap. 

2. Pull out the hinge p1na. 

Bev1ae4 .f.-10-H 



E. To Remove Horizontal Stabilizer 

l. The right and left halves are removable as a unit. 

2. Remove the elevators. (Refer to Paragraph B, Page 
54.) 

-35-

3. D1aoonneot the elevator control cables at the eleva­
tor horn. 

4. Remove the oolts which attp.oh the stabilizer and tie 
ehannels to the sides and rear frame or the fuselage. 

5. Slip the ~abilizer rearward until clear of the fuse­
lage. 

"I. To Remove Vert1oal Stabilizer: 

1. RflJlove the rudder. (Refer to Pare.graph C, Page 34.) 

2. Ranove the two (2) bolts attaahing the lower end ot 
Ule stabilizer rear spar to the fuselage. 

3. Remove all uaoh1ne screws which attaoh lower end ot 
the stabilizer to the fuselage. 

4. Litt the stabilizer upward until it is clear of the 
tusel age s truo ture. 

NOTE: In replaoing vert1oal stabilizer, all 
ma.ohine screws should be set in lith­
arge. 

G. To Replace Horizcn tal Stabilizer Abrasion strip: 

l. Olean metal surface thoroughly with benzol. CAUTION: 
It 1s recommended that about 5~; of carbon tetra chloride be 
added to the benzol to minimize the danger of explosion. 

2. Roughen surface w1 th emerr cloth and then wipe ott 
w1 th the benzol mixture. 

3. Prepare a mixture of approximately 1 part Goodrioh 
Vulcalook cement with 2 parts benzol and apply to surfaoe, 
brushing well, and allow to dry. 

4. After first coat has dried, apply two or three ooata 
of straight v· lcalook, 31.lowinc each successive coat to dry 
thoroughly. &iough Vul·caloak should be applied to give a 
golden bro~r color. Note: Allow Vulcal.ock to dry absolutely 
hard beforf', next step7Tt is pre:f'erable to allo\v the job to 
stand over night). 

R0vi sed G-2-34 
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5. Wipe fabric aide of abrasion strip with benzol and 
apply a coat of Goodrich #.4 osnent (cut with approximately 
l part benzol to 2 parts #4 cement). As soon as this is dr-.t, 
apply a coat or ru.11 strength i/4 cement. While ·this is drying, 
apply a ooat ot /}4 cement cut with benzol over the Vuloalook 
that has been applied to stabilizer, then apply another coe.t or 
/14 cement to abra!ion strip, 11" necessary, and allow oenient on 
both abrasion strip and stabilizer to dry to a point of strong 
taokiness. 

6. Apply abrasion strip, taoking only the forward edg~ 
of the rubber just below the reinforcing nose strip to the 
metal, then begin working stock down and back from the eclge, 
being careful not to tra:r, a1r beneath ttlfl rubber. Ir, by 
aooident, the strip sticks down in error, pull it loose with e. 
sh.art Jerk. After strip has been la.id over en tire straight 
port on, work it straight out over the edges, later trim off 
surplus edges with a sharp knife, being careful not to scratch 
the metal, then roll down firmly with a rubber roller or equiv­
alent. 

7. A~ter strip has been rolled down thoroughly and all 
trapped air let out by punoturing rubber with a pin 9nd all 
surplus has been trir.:med, the edges should be "oil proofed" to 
prevent gasoline, oil or other solvent from attacking the ce­
ment and weakening the bond to the 111etal. This crey be done by 
masking ott arowid all edges so as to ieave a strip of a bout 
3/8 inoh on the rubber and 1/4 inch on the metal exposed. To 
these strips apply one straight coat of Vulcalook and 81.lon to 
dry hards then a seotJnd coat of a mixture of 9 parts Vulcalocl< 
to l part laoquer thinner and allow to dry until not <J.Uite hard, 
then apply e. ooat of straight lacquer. 

H. Maintenance 

1. The tabrio covering of the rudder end el.evators raey be 
repaired with fabrio :patches if damaged. Refer to Paragraph N, 
Page 159, tor finishing of fabric surfaces. 

2. All ball bearings in oon trol hinges am pulleys are 
self-lubricating tor the life of the bearing; . therefore. the 
only points of the empennage requiring lubrioation are the three 
flap operating screws and the ball joints inside Ule cable drums. 
Zerk fi tt1ngs are access! ble throuch the hand holes in the oon­
trol surfaoes. The holes may be lined up with the Zem: fittings, 
if necessary, by adjusting the flaps. 

Revised 6-2-34 
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A. Description 

SECTION VII 

SURFACE CONTROLS 

1. Rudder and Elevator 

(Rorer to Figures 16 end 17, Pcgos 39 and 40.) 

(a) Tho rudder and elevators are controlled 
from tho cockpit by cc.blcs which run a­
long tho centorline of the airpl~nc be­
noQth tho flooring and enter the rear 
fusolcgc bny whore they nttcch to their 
rospoctivo horns. One cable from onch 
control surface is broken at tho Servo 
Unit, under the fornnrd ccrgo compart­
ment, end is connected by monns of turn­
buckles to one of tho Servo cylinder 
pistons. Tho ccblc from tho cockpit 
controls is connected to tho forw~rd ond 
of tho piston and the ccblo from its ro­
spoctivu surface is connected to the cft 
end. The c~blcs ere of 3/16 x 7 x 19 
pro-formed oxtro. flexible stool. A strap 
for locking tho rudder nnd ailerons in 
thG "neutrc.la position a.nd tho olove;tors 
in the •;doun" position is stoy,od in the 
cargo com~~rtmont. (Refer to Pnrngraph 
L F:~co 9.) 

(b) Tho corgo compartment floor ~nd ~he cen­
ter panels of the cabin floor mcy be 
ocsily romovcd for nccoss to tho control 
ceblos. 

(c) Tho roQr cover platoon the right side or 
the vorticcl stabilizer mny be removed for 
access to tho rudder horn and the plate on 
the left side for ~ccoss to tho olovntor 
horn. (Sec Figure 2, Fego 11, for tho lo­
cations of all ~cJcss plntcs 2nd inspec­
tion doors.) 

(d) A lGrgo cover plnto is providod in tho bot­
tom of the noso for access to tho rudder 
podo.ls c-.nd olovc,tor pulleys. Tho smc.llcr 
pl~tos ~ft of this l2rgc one Qro for ~cccss 
to tho control c~blos. 

(o) Tho rudder pedals ~~o cdj~~t~blo to suit 
tho pilot ~nd ~re interconnoctod by n cable 
uhich is also~ p~rt of the brnko control 
system. 

-38-
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CABLE RUDDER L.H. FRONT-----.. 
SEE PAGE 39a. FIG. 1-A 

131781 BRACKET 2 REu'0:.~---""""' 
AN210-3A PULLEY 2 REQD . 

145912-2 RUDDER CABLE R.H. FRONT ---
245911- 2 RUDDER CABLE R.H. REAR I EA. REQD. 

CABLE RUDDER R.H. f RONT 
SEE PAGE 39« FIG. 3-A 

537760 RUDDER TORQUE TUBE ASSEM. ----... 
537761 RUDDER TORQUE TUBE ASSEM 
I EA. REQD. 

43 4368 BRACKET I REQD. 
AN 2J0-4A PULLEY I REQD. 

434368-1 BRACKET I REQD. 
AN 210 -4A PULLEY I REQD. 

135441 &-I CABLE ASSEM. I E:A. REQD. 
137673 LINK 2 -REQD. 

I 

CABLE RUDDER R.H. REAR SEE PAGE 39a FIG, 2-B 
145726 &-I BRACKET I EA. REO 
AN 210-2 PULLEY 2 RECD, 
440096 &-I BRACKET I EA. RECD. 
AN210-4A PULLEY 2 REQD. 

CABLE RUDDER R.H. SEE PAGE ·39a. FIG. 2- A 

134932 FAIRLEAD REQD. 

134931 fAIRLEAD REQD. 

134930 FAIRLEAD I REQD. 

134424 fAIRLEAD IREdp. 

135477 fAIRLEAD 2 REdD. 

40253 FAIRLEAD I REQD. • 

335071-6 RUDDER CABLE I REQD-----

133254 &-1 BRACKET I EA. REQD. 
AN210-3A PULLEY I REQD. 

SERVO UNIT -----------­
AUTOMATIC PILOT 

REFER TO DOUGLAS DRWG. 5 3057 8 

'-----145637 fAIRLEAD I REQD. 
' '---------t3J781 BRACKET I REQD. 

131782 BRACKET I REdD­
AN210-3A PULLEY 2 REQD. 

PAGE 39 

RUDDER CONTROLS 
FIG.16 

344879 CABLE ASSEM. 
RUDDER STOP 

<~~ 
<. ' 

' I -- ,~ ____ __.;,,-

CABLE RUDDER L.H. SEE 

p~~E 39cl ~~ 1-E . 2 157 &-ICK T I EA. REQD. 
AN210-4A PULLEY 2 REQD. 

~ 133413 BRACKET I REQD. 
I 33414 BRACKET 2 REQD. 
AN210-3A PULLEY 2 REQD~ 

CABLE RUDDER L.H. SEE -- \ 
PAGE 39a. FIG. I- B 27''r.E. 

• 

~----

30 RIGHT }_ 

RUDDER N RA~ 

30.LEFT 

21''.r:.t..: 

.... 

--~~ RU~ MOVEMENT 

---- / ----- _,, 
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FIG. I 

~~~ eA§ES 39 & 40 

NAME NO.REQ. A 8 C TURNBUCKLES 
ELEV. UPPER R.H. I 30¾ 492 J tg:t,8~ AN 140 - 32L 
ELEV. LOWER R.H. I 69% 492 107¾ AN 140 - 32L 
ELEV. LOWER L.H. I 109% ~52~ 107~ ANl40 - 32L 
RUDDER L.H. I 48½ 511 ½ 86 1/o AN 140 - 32L 

a ~A=r -a 

~ 
! 

~ B 
FIG.2 SEE PAGES 39&40 

NAME NO. REQ. A B TURNBUCKLES 
ELEV. UPPER L.H. I 454 -I I gl/8J AN 140 -32L &ANl35-32 S 
RUDDER R.H. I 473 86 ~ AN 140 -32L &AN135-32S 

~ 
5 .... 

~ 
.,, 

:A 

SEE PAGES 39&40 ,, FIG. 3 
-0 - NAME NO.REQ, A TURNBUCKES 

C) ELEV. UPPER L.H. I 39¾ AN 135 ·- 32S 
)> . '1 - RUDDER RH. I 61 ½ AN 135 -32 S 0, fTI 

p, uJ 
<.O 

RUDDER ELEVATOR CABLE LENGTHS 
p 

g, 



239917 BRACKET I REQD.-------.. 
AN2I0-3A PULLEY 4 RECiD. 

CABLE ELEV. UPPER R.H. FRONT-~,----­
SEE PAGE 39c. FIG. 1-A 
CABLE ELEV. UPPER L.H. f" RONT--_...,.. __ ___ 
SEE PAGE 39l FIG. 3--A 

531857 CONTROL COL. ASSEM. I REQD.----.., 
131019 BUSHING 2 REdo. 
131019-1 BUSHING 2 REdo. 

' 231511 BRACKET I REQD.-----------. 
PULLEY SKF'5 BRG 1-70163 2 REdD. 
132949 BRACKE I REQO. 
145936-3-6 BOLT I REQD. 

335071 -1 CABLE ELEV. UPPER R.H. 
335071-3 CABLE ELEV. LOWER R.H. 
335071-4 CABLE ELEV. LOWER L.H. 
145912-1 CABLE ELEV. UPPER L.H. FRONT 
2459! 1-1 CABLE ELEV. UPPER L.H. REAR 
I EACH REQD. -------------------J 

CABLE ELEV. UPPER RH.-------­
SEE PAGE 39a. FIG. I - C 

440096 &-I· BRACKET I EA. REQO.---­
AN2I0-4A PULLEY 2 REQD. 

-----CABLE ELEV. UPPER L.H. REAR 
SEE PAGE 39a. FIG. 2-A 

---CABLE ELEV. UPPER R.H. 
SEE PAGE 3 9a. FIG. I - B 

441763 &-1 BRACKET I EA. REdo.--.. 
AN210-4A PULLEY 2 REQD. 

134932 FAIRLEAD I REQD--­
I34931 FAIRLEAD I REdo.--­
I34930 FAIRLEAD I REdD-. --
134424 FAIRLEAD I REdD.--

SERVO UNIT 
AUTOMATIC PILOT 

REFER TO DOUGLAS DRWG.-' 530578 

CABLE ELEV. LOWER R.HJ / 
SEE PAGE 39cl. FIG. I-A ~ 
CABLE ELEV. LOWER L.H. 

140253 FAIRLEAD 1 REQD. 

239917 BRACKET I REQD. 
AN2I0-3A PULLEY 4 REa'O. 

SEE PAGE 39a FIG. i-A 

PAGE 40 

ELEVATOR CONTROLS 
FIG.17 

CABLE ELEV. UPPER 
' PAGE 39a. FIG. 2- B 

', ~ 

-- "z) _______ y 

L.H. SEE 

CABLE ELEV. LOWER L.H. SEE PAGE 39a. Fl G.I-C 
CABLE ELEV. LOWER R.H. SEE PAGE 39a. FIG.I-C 

--- 242157 &- I BRACKET I EA. REQD. 
242129 &-I BRACKET I EA REQO. 
AN210- 4A PULLEY 4 REdo. 

--- 133413 BRACKET I REQO. 
133414 BRACKET 2 REQO. 
AN2l0-3A PULLEY 4 REQO. 

CABLE ELEV. LOWER R,H. SEE 
PAGE 39i FIG.1-B 

CABLE ELEV. LOWER L. H. I 
SEE PAGE 39a. FIG. 1- B 

~-, HINGE ct_ -~, -======:::::::::=:::::==-

... ,'----._ 

~ ' ... 
~LEVATOR MOVEMENT 

...... 

--
~,/ 
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(r) Two short cables, one on each side of the 
rudder, extend from a point on the verti­
cal stabilizer inside the fuselage, to 
the rudder control horn. These are held 
taut at all times by springs attached to 
the fuselage structure. The cables in­
corporate turnbuckles, at their control 
horn connections, for tension adjustment. 
These cables serve as positive stops for 
the rudder and limit its movement to 30 
degrees ~ither side of the centerline of 
the airplane. 

( g) 

(h) 

( i) 

The movement of the pedals is limited bv 
adjustable bolts {near their lower ends) 
which strike asainst fixed stops on the 
fuselage structure. 

The rearuard movement of the control col­
umns. is limited by adjustable bolts (near 
their upper ends) which strike against 
fixed stops on the structure. Their for­
ward movement is limited by adjustable 
stops, attached to ttie structure, which 
check the columns at their lower ends. 

Contacting the elevator horn are two fixed 
stops located in the tail section to pre­
vent t~e elevators from riding the hinges. 
One is contacted w}1en tho elevators are 
in the .ru:pa posit ion nnd ·the oti1cr is con­
tac·>2 d 1v~.1en tl1e elevators are in the :'downa 
:position. 

2. Ailerons 

(Refer to FiBure 18, Pat e 42.) 

(a) The ailerons are controlled from the cock­
pit by pre-formed extra flexible steel 
cables, 3/16 x 7 x 19, which rw1 beneath 
the floorins alon~ the center line of the 
airplane to a large bell crank uft of tho 
rear spar. Similar cables run from this 
bell crank to the outer wing panel. Vl:ith­
in the wing, the cables attach to tri-arm 
bell cranks which have the aileron control 
rods attached to their third arm. Tl1ere 
arc two of these bell cranks in each wing, 
namely, inboard and outboard, w~ich are 
interconnected by cables. 

Revised 12-12-34 
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CABLE AIL. INNER WING---------- ------,. 
SEE PAGE 42b FIG. 2-A-B 

CABLE AIL. OUTER WING -....__ 
SEE PAGE 42b FIG. I -A 

139916 BRACKET I REQD.------.. 
139916-1 BRACKET 2 REQD. 
131782 BRACKET I REQ'D. 
AN210-3A PULLEY 4 REdD. 

335072-1 &-2 AILERON CABLES-----
1 EACH REdD. 

531857 CONTROL COLUMN ASSEM I REdD. 
131079 BUSHING 2 REO'.D. 
131079-1 BUSHING 2 REQD. 
431518 BASE PLATE I REO'.D. 
231624 ATTACHING BRACKET 4 REQD. 
231516 &-1 BRACKET I EA. REQD. 
AN210-4A PULLEY 4 REO:D. 

231517 &-I BRACKET I EA. REQD.---------
231624 ATTACHING BRACKET 2 REQD. 
AN210-4A PULLEY 4 REQD. 

CABLE AILERON R.H. & L.H. FRONT------------,..,...._ __ 
SEE PAGE 42cl FIG. I -A- B 

SERVO UNIT-----------------------­
AUTOMATIC PILOT 

CABLE AILERON L.H. REAR ------------------ - - ----J 
SEE PAGE 426. FIG. 2-A-B-C 

I 

REFER TO DOUGLAS DRWG. 530578 

145495 FAIRLEAD 2 REQD. 

144513 FAIRLEAD I REQD. 
145523-1 FAIRLEAD 2 REQD .. - ~ 
145523 -2 FAIRLEAD 2 REQD.--~ 

AILERON CONTROLS 
FIG. 18 

431704 AILERON MAST REQD. 

133256 &- I BRACKET 2 EA. REQD. 
AN210-3A PULLEY 2 REQD­
ll 7425-3D-016 SPACER 2 REQO. 

235725 AILERON CABL E 4 REQD. 
135039 LINK 2 REQD. 

140254 FAIRLEAD 2 REQD 

2381 14 BRACKET 2 REQD. 
238115 &.-1 BRACKET I EA REQD. 
AN210-3A PULLEY 4 REQD. 
11 7425-2D-016 SPACER 4 REQD. 

PAGE 42 

e 432413 &.- 1 AILERON CRANK I EA REQD. 
()432413 -2 8.-3 AILERON, CRANK I EA. REdD. 

-~233237 -2 ROD 2 REQD. 
// ()233237- 7 ROD 2 REQD. • 

111904-4-030 BOLT 2 REQD. 
133236 ROD END 2 REQD. 

~ 
I 

-------✓-
/ 

135070 AILERON CABLE 4 REQD. 

• 432414 AILERON CRANK 2 REQD. 
()432414-3 AIL ERON CRANK 2 REQD. 
• 233237- I ROD 2 REQD. 
()233237-6 ROD 2 REQD. 

111904 -4-030 BOLT 2 REQD. 
133236 ROD END 2 REQD. 

NOT E:-
PART S MARKED T HUS@ USED ON AIRPLANES 
1237 TO 1256 INC .• 1301, 130 3, 1305, 13 17 & 1324 
PARTS MARKED THUS() USED ON AIRPL ANES 
1257 TO 1261 INC., 1286 TO 1300 INC,., 1302., 1304,_ 
1306 TO 1316 INC., 1318 TO 1323 !NC. & J_325 
TO 1335 INC. PARTS NOT MARKED ARE USE_P._ 
ON ALL AIRPLANES. 
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AMERICAN AIRLINES, INC. 

MAINTENANCE BULLETIN NO. 863 

Subject: Rigging of Ailerons 
- Douglo.s DC-2 

Code: DC2-A-3 

Date: June 6, 1936 

To: Maintenance Supervisor - Chicago 
n n - Ft. Worth 

" 
n 

t1 

" 
All Station Managers 

Att: Chic f Mechanic 

- Glendale 
- Newnrk 

From: Superintendent of Maintenence 

1. Please refer to pages 42 o.nd 46 in 7JOur Handbook of Instructions 
for Model DC-2 airplanes. 

2. The Douglas Aircraft Comp~ny has advised that the instructions 
issued in regurd to rigging the ailerons shnll be revised to 
rend as follows: 

"Up-throw 26° or 12 ll/16 inches. This up-throw is 
not to exceed 2 7° or 13 1/8 inches." 

Douglas explains this change with the following statements: 

"A greater up-throw of the ailerons mn.y result in 
aileron burble when controls ure used in extreme 
positions. The down-throw may vary in order to 
compensate for the limits in the up-throw. A per­
fectly rigged airplane ns it leaves the factory 
would have both right and left ailerons not ex­
ceeding 13 1/8 inches up-throw nnd approximately 
9 3/8 inches dovm-throw. 

3. Please have the Douglas Chart No. 1, Aileron Adjustment and 
Rigging Diagram, ut your station revised as follows: 

(~) Ch~nge the up-throw of 30° to 26°. 

(b) Chnnge the up-throw of 13 5/8 inches to 
12 11/16 inches, not to exceed 13 1/8 inches 
or 27°. 

(c) Change the down-throw of 14° to 18°. 

(d) Ch[mge the down-throw of 7 7/8 inches to 
9 3/e inches. 



- 2 -

( Mli.INTENil.'tICE BULLETIN NO. 863 

4. We !lre sending you o.n additional co~y of this bulletin in order 
thnt it me.y be inserted in your Handbook of Instru.ctions. 

5. ..,7e a.re ~lso prepa.ring 400 additional copies to be distributed 
to all personnel who hn.ve purchased Douglns DC-2 Ha.nuuls. 

,, -m~, 
H. n. Inge 11s 

JI ,. 'L---~·C .· (_. -- :? 

cc: Vice Preside!'lt - Opere.ti.ons 
Oper~.tions Mrtnager 
Su nt. of Stat :tons 
Flight Supts: Foremen & Inspectors 
Sup. R~dio Installation & Repnir 
Stock Supervisor: Chief Engineer: So.les Dept. 
!!Te ssrs. Griffin, LD.r ie, Atkinson, Hutchinson, L.'lwrence, 

Brower, Muth, Bewley, Cn.lliott 
Mr. c. Reed - Dept. of Commerce 

OWLY PERSONS ADD:k.ESSED NEED REC}~I PI' & RETURN ONE COPY 
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Douglas Transport DC-2 

Service Bulletin 116. Section I. Uay 15, 1936 • 

Subject: .Addition of 1'.iachine Serens at Outboard Control Aileron 
Hinge Casting Attachment. 

This Service Bulletin replaces #116 dated May 6, 1936. 

In order to increase rigidity in the connection betTTeen the 
aileron beam and the outboard control hinge casting, we have added four 
(4) 8/32" flat head machine screTTs in the manner shoun on the sketch 
belo-v1. 

We recommend that these scre1:s be added to this hinge 
casting on all ailerons noTT in service. 

F.A.BRIC STRIP 
/ 

·-., _,.,./ 
.. 4 ~ .,,. ✓ 

/ 
/ 

#8-32 FLAT HEAD sr~ KA.CHINE 
SCRLTl 3/8" LONG, 4 REQ. PER FITTING 
DRILL 9/64 (140) C'SINK 82 DEG. x 
11/64 T.AP 8-32 NG2 

~ '---< -----··- Shll,1 APPROX. .093 x 3/ 4 x 3/ 4 
?=":=t~:~: ;""' -- ··---- 2 REQ. PER FITTING 

/;@;))'
1 

< 
!' ~'-✓ : j\. . - __ ,_.·,_/ 

(-·- .-,-/ 
I --t+,_( 

I i F ---------~ 1 I -----,,__ .., ·~ ., 
-+--·r' I 
i - - i 
- - - ! ,_,_, __ J 

232411 REF. 

21 l 3 
j.__ 32 --.! 4 r· ..,.J - L 13 --~ _ 3/ 4 deg. 
I 1 , I 8 ~ 16___ : --- _j_ 

i : : -- I : I . - I -·- -+i--··--·--· ---t . ; ---•. T 
11 -7_J;_ - -·-1 1/4 -~ ____ :;_:,c.--. -_ ~~>~~' 

I - - --. !_1 • -·:! · I --+-- - .. --.._. DRILL & TAP 
=1: i· ; I ;i-1·,- I i ----~:.:::::: . ..., ___ PER THE ABOVE 
-yi--- -: ! I ! ,---- -1➔ - -- ) f- :-, j SPACING L,H, SHO\/N 

1 
:-~,'--FUL-· __..L_: :I:----!'_ -f_::: }I f j R,H, OPPOSI'.['E 

DOUGLAS AIRCRAFT COI\1PANY, INC. 
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SEE PAGE 42 

NAME PART NO. NO.REQ. A .IJ CABLE EYE NO.REQ. TURNBUCKLES NO.REQ 
AIL. R.H.FRONT 330725-1 I 122½ 123 AN 170-32RS 2 
AIL.L.H.FRONT 330725 I 102¼ 129¼ AN 170-32RS I AN 135-32 RS I 

FIG 2 

SEE PAGE 42 

NAME PART NO. NO.REQ A 8 C TURN BUGLES NO.REQ. 
AIL.R.H. REAR 335072-1 I 82 86{ 77f AN 140-32S & AN 135-32S I EA. 
A IL. L.H. REAR 33501i-2 ' 781 86f 85½ AN 140-32S 2 

AILERON CABLE LENGTHS 



FIG. I 

PART NO. NAME NO.REQ. A TURNBUCKLES 
135070 AIL.OUTER WING 4 158 AN 135 - 32L SEE PAGE 42 

FIG. 2 

PART NO. NAME NO.REQ. .A. .B TURNBUCKLES 
235725 AIL. INNER WING 4 90V4 154V4 ANl30-32S&L SEC: PAGE 42 

.,, -0 -
AILERON CABLE LENGTHS 



(b) 

( 0) 

A si tilation, similar to tb.a't discussed 1n 
Paragraph (a) • Pag9 38, prevails 1n the 
aileron oontrol system 1n that one or the 
oables oonneots to the Servo Unit. 

In the lowc surf aoe or the wing on e aoh 
side ot the fuselage are six cover plates 
for aeoess to the aileron control cables 
along their route parallel to the rear 
spar. (See Figure 2 1 Page 11.) 

-43-

(d) Hinged doors in the lower surtaoe of the 
wing and cover plates in the lower sur­
face of the ailerons are provided tor ac­
oes s to the at taohmen t points at th e a11-
eron control shafts. 

3. Rudder, Elevator and Aileron Flaps 

(Refer to Figures 19 and 21, Pages 44 and 49.) 

(a) 

(b) 

(C) 

(d) 

The rudder, elevator and aileron flaps 
are operated by the cranks on the control 
pedestal. The indicators show the posi­
tions of the flaps in degrees either side 
or neutral. 

The control cables for these flaps are 
1/16 x 7 x 7 extra flexible steel an1 
follow 'the same route through 1he airplane 
as the rudder and elevator cables 111th the 
exception of those o:t the ailm-on whioh 
tallow this route until a.rt of the rear spar 
and then enter the right wing. NOTE: To 
aid in distinguishing the various tl.ap con­
trol cables, they have been banded with paint 
at all turnbuokles and oonneotions as tollows: 
Rudder (both cables), m.ue; Elevator (to up­
per side o:t drum in elevators), Yellow, ( to 
lower side o:t drum in elevators), Red; 
Aileron (to upper side or drum 1n aileron), 
Wh1 te, ( to lower side or drum in aileron), 
None. 

The forward one or the two snall cover 
plates on the rigit side ot the vertioal 
stabilizer 1s removable tor aooess to a 
rudder flap control cable pulley. (See 
Figure 1 1 Page 10.) 

A hinged door for aooeas to the aileron 
flap oon trol gear is provided in the lower 
sur,aoe of the right wing, and e. oover 
pla·te for a.ooeas tD the oontrol shaft at­
taohmen t 1s looe.ted in the lower aurtaoe 
of the aileron. (See Figure 2. Page 11.) 

Revised 5-3-M 



137940 BRACKET I REOO.----------... 
133253 &-I BRACKET I EA. REQD. 
AN 210-IA PULLEY 6 REQO. 
117425-30-006 SPACER 2 REQO. 
117425 - 30-014 SPACER 5 REQO. 
117425-30-022 SPACER I REQO. 
117425- 30-600 SPACER I REdO. 

140195 FAIRLEAD I REQO.-------+-------, 
' 

140244 FAIRLEAD I REQD.------....,,._~ 
135451 FAIRLEAD I REQO. 

132497 BRACKET 2 REQO.-------~ 
AN 210-IA PULLEY 4 REQD-

CABLE ELE~ & RUDDER CONTROL 
SEE PAGE 44a FIG. 2 
232294-4 RUDDER CABLE I REQO. 
232294- 7 ELEVATOR CABLE I REQD. 

REFER TO DOUGLAS DRW'G.-------
532075 FOR FLAP PARTS 
·'.:ONNECTED WITH CONTROL PEDESTAL 

231916 BRACKET I REdD.--------­
AN2l0-2A PULLEY 2 REQO. 

RUDDER FLAP MOVEMENT 

REFER TO DOUGLAS DRWGS. 530578 & 541123 

CABLE ELE~ FLAP----------­
SEE PAGE 4 4a. FIG. I 

133253 &-I BRACKET 3 EA. REQD.---~ 
AN210-IA PULLEY 6 REQD. 
117425-30-019 SPACER 3 REdo. 

134932 FAIRLEAD I REQD. 

134931 FAIRLEAD I REQD. 

134930 FAIRLEAD I REQO. 

134424 FAIRLEAD I REQO. 

CABLE RUDDER FLAP 
SEE PAGE 49cl FIG, 2 

134615-1 LINK 2 REQD. 
135266-1 LINK 6 REQD. 
135726-5 CABLE 4 REQO. 
135266-1 LINK 4 REQO. 
135266-2 LINK 2 REQO. 
ANl35 - 8S TURNBUCKLE 6 REQ'o. 
AN393 - 9 PIN 16 REQD-

EMPENNAGE FLAP CONTROLS 
FIG. 19 

PAGE 44 

rl/t-------- 233324-1 FLAP CONTROL ASSEM. REQD. 
133337 ROD ASSEM. I REdb. 

JU.?--+------- 133209 BRACKET I REQD. 
135150 GUARD I REQD. 
AN 210- 3A PULLEY 2 REQD. 

C)"'"~~---242424 FLAP CONTROL ASSEM. 2 REQD-
13 8859 ROD ASSEM 2 REdD. 
111904-4-114 BOLT 2 REQD. 

135418 GUARD 2 REdD. 
AN210-3A PULLEY 4 REQD. 

134888 BRACKET I REQO. 
AN2l0-IA PULLEY 2 REQD. 
117425 - 30-019 SPACER I REQD. 

134673 &- I BRACKE1" I EA. REQD. 
AN210-2A PULLEY 2 REQO. 
117425-30-019 SPACER 2 REQO. 

134678 &-1 BRACKET I EA. REQD. 
134679 &-1 BRACKET I EA. REdo. 
AN2 10-2A PULLEY 4 REQD.· 

"- 117425-30-103 SPACER 4 REQD. 

'--ANl40-8S TURNBUCKLES 4 REQD. 
AN393-9 PIN 8 REQD. 

133969 &-I BRACKET 2 EA REQD. 
AN210-2A PULLEY 4 REQD-
117425-30- 020 SPACER 4 REQO. 

133970 BRACKET I REQD. 
1339 7 I BRACKET I REQD­
AN210-2A PULLEY 2 REQD. 
I 17425-30 - 020 SPACER 2 REQD. 

CABLE ELEY. FLAP R.H. & L.H. 
SEE PAGE 49cl FIG. I 
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J.A. GeAVES S-24-34 

-T NOTE: 
LENGTH Of" CABLE 

A INCLUDING PART 

- - -~------+•J_ 
WRAPPED AROUND 
DRUM= 435 

flG.r 

NAME NO.REQ. A CLEVISES 
ELEVATOR FLAP 2 162± 133318 

FIG.2 

NAME NO.REQ. A 
AIL.-ELEV. -RUD. CONTROL DRUM 3 84 i 

SEE PAGE 44 

NOTE: 
LENGTH OF CABLE 
INCLUDING PART 
WRAPPED AROUND 
DRUM= 272 

CLEVISES 
133'?>18 

SEE PAGES 4 4 & 49 
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(e) The elevator f laps a~e interchsngeable . 
A small cover p late fer a cc e ss to the 
eleva tor fla p contrcl rod is provided 
nea r the leading edge on the u pp e r s ur­
fa c e of each elevato~e A l a r ger plate 
f o r a c c ess to the f l op control drum i s 
loc ated n e ar tte l e a d in~ e 1ge en t he 
l owe r side of t h e e levator. 

(f) The rudder, el evator and aileron flap 
control cables are provided with fixed 
stops ~hich check t h e travel of the 
cables when coming in contact with fair­
leads on the structure below the c8rgo 
0ompartment fl oor. 

(g) A large c ov e r plate for acces s t o the 
mas ter bell cran~ and t h e wing flap 
mechanism is provi d e d in the lower s ur­
face of the cent e r wing panel on the 
centerline of the airplane. Forward of 
this plate is a smull cover plate pro­
vi d ed for accesB t o c ontrol cable pul­
leys. (S ee F igur e 2 , Pag e 11.) 

B. Location of Turnbuckles 

1. Turnbuckles are provided i n the control cables at the 
fo llowing locati o n s : 

(a) Rudder and Slevat o r 

(1) In t h e lower fu s elage bay below 
the cargo comp8rtment accessible 
t h rough the floor panels. (At 
th e S e rv o Uni t . ) 

(2) In the rear fuselage bay aft of 
the baggage co~partment. 

(3) At the attachment of the rudder 
bus cables to the pedals. 

(b) Aileron 

(1) In t he lowe r fu selage bay below 
th e cargo compar t ment acces sible 
through tte f loo r panels. (At 
the Servo Unit.) 

(2) At th e mast e r bell crank access­
ible thro ugh the cover plate in 
the lower surfa ce of the wing on 
the centerline of the ai~plane. 

Revised 10-25-34 
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(3) Within the wings at the attach­
ment of the center and outer 
panels accessible thr_ough cover 
plates on the lower surface of 
the wing. 

~ileron, Rudder and Elevator Flaps 

In the lower fuselage bay below 
the cargo compartment accessible 
through the floor panels; also 
at this location are provided 
adjustable links which allow for 
taking up cable slack when it is 
greater than th~t which may be 
taken up by the turnbuckles. The 
elevntor flcp control cables h~ve 
turnbuckles ioceted in the reer 
tail section for convenience in 
disconnecting the cables. The ail­
eron flap control cables are 
equipped with links et the point 
of" connection of the center end 
outer wing panels. 

c. Adjustment (C~ble Controls) . 

1. Rudder (See Figure 16, Page 39.) 

With the rudder and pedals in their neutral 
positions, adjust the turnbuckles for equal tension in the 
cables. Set the stops described in Paragraphs (f) and (g), 
Page 41, for the proper movement of the rudder; which is 30 
degrees either side of neutral. 

2. Elevators (See Figure l?, Page 40.) 

-46-

With the control column in its neutral posi­
tion (13 1/2 degrees forward of the vertical) and the eleva­
tor set at 5 degrees upward. adjust the turnbuckles for equal 
tension in the cables. Set the stops described in Paragraphs 
(h) and (i), Page 41, for the proper movement of the eleva­
tors, which is 35 degrees upward and 20 degrees downward. 

3. Ailerons (See Figure 18, Page 42.) 

With the ailerons £.nd control columns in their 
neutral positions, adjust the turnbuckles for equal tension in 
the cables. The proper movement is 30 degr~es upward end 14 
degrees downward. 

Revised 12-12-34 
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4. Aileron, Rudder and Elevator Flaps 

(See Figures 19 and 21, Pages 44 end 49.) 

(a) The neutral position ot the naps is deter­
mined by the al ignmm t or th e1 r tre.11 ing 
edges W1 th those o't the respective control 
surtaees in whioh they ere ins'talled. The 
neutral position of the pilots' control is 
shown on their respective 1nd1aators. With 
the flaps and oontrols in their neutral po­
s1 tions, adjust the turnblckles for equal 
tension in the reapecti ve cables. The stops 
mentioned in Paragraph (t), Page 45, limit 
the flaps to their proper movements, which 
are as tollows: 

D. Winfi Flaps 

{l) Rudder - 12° either side of the 
neutral position. 

( 2} Elevator - 12° either s1 do or 
the neutral position. 

( 3) Aileron - 12° either s1 de of ttie 
neutral position. 

.. 47_ 

l. The airplane is :provided ,Tith hydrauJ..ioaJ.ly controlled 
·wing naps af the split trailing edge type, extending :rrom ail­
eron to aileron. These wing flaps are· in four seotions, but are 
integral and function as a single continuous unit. In operation, 
these :f'laps have a domward movEl'n.ent or 45°, g1.T1ng an increase 
in 11ft or ~proxiraately 35% w1 th an inorease 1n drag of approx­
imately 300,o. 

2. The wing flaps are attached to the underside of the 
wing by :piano type hinges. A hydraulic strut looated in the 
oenter Wing :panel has a piston and a long1 tudina1ly· acting cylin­
der mounted on rollers. Toggle rods are connected to both the 
oy-linder and piston, rorm1ng a variable tmrallelogram giving 
equalised motion. Pudl-pull rods are conneoted to the exterior 
points or the toggle rods, and these toggle rods are oonneoted 
to turnbuckles on the wing flaps. Lengthening of the hydraulio 
atru t oauses the push-pull rods to zw ve inward• 'thus lowering 
the wing tlaps. The reverse aot1on raises 'the wing naps. 

Revised 5-3-34 
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FIG. 20 VIEW OF WING FLAPS IN FULL ~DOWN"" POSITION 
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238116 BRACKET I REdo.---- --­
AN210-IA PULLEY 2 REQD. 
117425-20-019 SPACER I REQD. 

135726-1 &-2 CABLE I EA. REQD.-----
1.:,5749 LINK 2 REQD. 

CABLE AILERON FLAP ----.... 
SEE PAGE 49a_ FIG. 2 

133302 ROD I REQD.--------
133303 ROD I REa'D-
233324-7 FLAP CONTROL ASSEM. I REdD. 
13330 5 LINK I REQD. 

534791 SUPPLY TANK I REdD.----------­

REFER TO DOUGLAS DRWG- 533615--­
FOR HYDRAULIC FLAP CONTROLS 
AND ATTACHING PARTS 

CABLE AIL. CONTROL DRUM-----­
SEE PAGE 4 4._ FIG. 2 

REFER TO DOUGLAS DR·w·G. 532075---..... 
FOR AILERON FLAP PARTS CONNECTED 
WITH CONTROL PEDESTAL 

231914 BRACKET I REQO.-------­
AN210-2A PULLEY 2 REQD. 

REFER TO SURFACE CONTROL DRWG.----
530578 

132497 BRACKET I REQO.------­
AN210- IA PULLEY 2 REQD. 

REFER TO DOUGLAS DRWG 530576 

139147 BEARING I REQD.---------

142480 AUXILIARY BEARING I REQO .. ------, 

REFER TO DOUGLAS DRWG.538647---~ 
FOR HYDRAULIC STRUT ASSEM. 
AND ATTACHING PARTS 

141644 &-4 TITEFLEX LINES I EA. REQD. 

REFER TO INSTALLATION 
SURFACE CONTROL DRW'G. 
530578 

PAGE 49 

WING AND AILERON FLAP 
CONTROLS 

FLAP UP 

.. 
19TE. 

J 
WING FLAP MOVEMENT 

NEUTRAL 

DOV✓N 

AILERON FLAP MOVEMENT 

'----------?l~--""~------138123 &-1 BRACKET I EA. REQD. 

140195 FAIRLEAD I REQ0.--
135451 FAIRLEAD I REQD. 
238753 RELIEF VALVE I REQD. 

.___ __ 439039 4 WAY VALVE I REQD. 
137940 BRACKET I REQO.------' 
1332 53 &- I BRACKET I EA. REdD. 
AN210-IA PULLEY 2 REQD. 

AN2l0-2A PULLEY 2 REQD. 
117425-20-020 SPACER 2 REQD. 

--------~::------"'-..-:------- CABLE AIL . FLAP R.H. & L,H. 
SEE PAGE 49a, FIG. I 

FIG. 21 



)> 

r 
rr, 
::0 
0 
z 
90 
XJ 
C 
0 
0 
fT1 
;a 

.,, 
r 
)> 
-u 
() 

► OJ 
r 
fT1 

r '1 
fT1 -
z 0 
C) N 
· --1 -p, 
I 
u, 

L ,~ 

-133- J AGk'AV£S ..5--24 <'.4 

B· ----=tsl\\~H~H?~i\G~%'-~\\~\\~\"ffC¾"B:, ,xt,~=== -~=-=-=~q 
~ --A---

FIG. I 

NAME NO.REQ. A 
AIL. FLAP RH&L.H. 2 3~6 

ELEV. FLAP R.H.&LH. A 458-k 

·-r· 
NAME NO.REQ. A 

RUDDER FLAP I 616 ½ 
AILERON FLAP I 120 

CLEVISES 

133318 

133318 

A 

FfG.2 

CLE VI SES 
1333 18 
133318 

SEE PAGES 49 & 44 

NOTE : 
LENGTH OF CABLES 
INCLUDING PA RT 
WRAPPED AROUND 
DRUMS . 

RUDDER FL AP =1345 ~ 
A I LE RON FLAP = 3 50 C) 

M 

SEE PAGES 44 & 4 9 
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3. .A. fluid supply tank is located just l:ohJHd and above 
the co-pilot's seat. ( see Figure 40 , Page 91 ") Th e f luid used 
i~ Lockheed. h ydraulic brake fluid /15 . On the left s id.e of the 
co-p ilot's s ea t is a double-aotL.°"1.g h ydraulio puml). A f'f:)ur-way 
0ontI\1l va.l ve is located on the fl oor at the rigt1t side o f the 
pilot's seat. A relier valve is ins erted in t he wing f lap hy­
dra.ullo system to prevent lowering of the wing tlap s when t he 
airspeed of the airplane is in excess of 100 miles per hour. 
The hic; h presBure line from the control valve ha.a a tee eonnec­
t1 on to t he lower end of the valve and the low pressure line a 
tee oonneotion to the side of the v" :.i ve. When lowering the wing 
naps, the hi&i press.ire side 1s fc .cward of the _piston on the 
hydraulic strut and the low pressur e aide is behlnd the piztQD.. 
These pressure conditions are re ver sed when the wing flaps are 
raised. When the airspeed is greater than 100 miles per hour, 
the baok pressure in the line bu ilt up by the air aoting on the 
wing :flaps is c;reat Enou g..11 tn cau se the valve. held in plaoe by 
a spri:r1g, to be pushed o ff its seat. Thia connects the high 
pressure line directly to the low p1·e ssure line allowing the 
fluid to by- pass through the valve w1 thout operating Uie hydraul­
ic strut. If, when operating the hyd.raulio pump to lower the 
wing flaps, the pressure does not build up in the system, the 
nuid must be by-passing -through the relief valve and would in­
dioate that the airspeed is too great to lower the wing flaps. 
NCYTE: A pipe tee is located under the floor or the pilot's 
oompe.rt.rrent t o p erni t installa t1on of a pressure gauge in the 
wing flap hydraulic 3/ st em, if oo desired. 

4~ The hydraulic lines are of 1/2 O.D. x .035 normalized 
chroroo IOOlybdenum st eel tubing. In 6 rder to insure fluid tight 
connections, the ends of the tubes are tlared and reamed tor 
Parker f1 ttings. All pipe plug f1 ttings are tinned. F1gu.~-~ 1-1:0, 
Page 91, shows the hydraulic system diagrammatically. 

E . l!J 21 g Flap Indi eating Sys tam 

1. Attached to the forward mid or the hydraulic strut cyl­
inder 1s a steel wire carried in a Bowden1te conduit, which 1s 
oonneoted to an indicator located on the instrument panel. Any 
movement or the hydraulic strut cylinder is shown by an equiva­
lent horizontal movement of the indicating needl.e, recording 
direotly the position of the wing flaps from neutral. 

F. Operation of Wing Flaps 

1. To lower wing flaps: 

(e.) Release button in handle or control vaJ.ve. 

(b) Place handle in extreme torward pos1 t1on. 

Revised 6-2-34 



(c) Operate hydraulic 1J u.:1.p until indicator 
shows wing flaps full down. 

(d) Return handle of control valve to neu­
tral. 

2. To raise wing flaps: 

(a) Release button in hFndle of control 
valve. 

(b) Place handle in extreme rear position. 

(c) When in flight, the air pressure on 
the wing flaps is sufficient to raise 
them without necessitatin~ the use of 
the hand pll.rrip; this applies only when 
the control vslve is placed in the ex­
treme rear position. It is advisable 
after doing this to build up pressure 
in the hydreulic system, after the flaps 
have come into position, by means of two 
or three strokes on the pump. 

(d) When on the ground, it is necessary to 
r~ise the wing flaps by means of the 
hydraulic pump. 

(e) Return valve handle to neutral. 

3. Electric Pu..~: 

-51-

(a) Besides the hand operating hydraulic pump-ttdll/11 ,n..,::.:· 2"' Pa ces') 

the airi:;~is14urnish~ wi:th a.fl J;nl---.t:11 s~l?v r11 e,~-I · ~-.., .... ~ Pr_e. ;J,..tz. 0£r.1y - ,.-pe.~i- l).,;L. n1J0 .,Jl/o..v¾"!... ~. 9. ,1.:!J ;.JI.Le. 71 · • J • ... 
~~ . ~• y~e r- , moun~ea'On ~~ 
right hand side of the hand pump, back of 
the co-pilot's seat. The pump is equipped 
with a push button, located in the end of 
the hand pump handle, which Vvhen pressed 
makes a contact closing the circuit between 
the solenoid switch, located in the cargo 
compartment, and the battery. The sole-
noid s~itch completes the electrical circuit 
between the battery and the motor which oper-
ates the hydraulic ,ump. The box housing 
the two 66A fuses hooked in parallel and 
the electrical connections between the bat-
tery and the motor, is mounted on the for~erd 
wall of the cargo compartment. This box also 
contains t~o spare fuses. The solenoidswitch 
is equipped with contact points of non-burning 
material and the fuses for this switch are 
located in the pilot's electrical fuse panel. 
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(b) A pressure s~itch located on the wall 
behind the co-pilot's seat opens the 
electrical circuit ~hen th8 pr8ssure in 
the hydraulic syste~ builds up in excess 
of 300 pounds. The switch should be re­
set immediately aftor each time that it 
is used. 

(c) A "Striker" button is located on the well 
behind the co-pilot's seat for use should 
the solenoid contacts fail to break auto­
matically. By pressing the "Striker" but­
ton toward the well the contact points of 
the solenoid switch are forced open. 

G. To Remove Wing Flaps: 

-53-

1. With the flaps lo~ered, disconnect their respective 
turnbuckles (four on each center section flap and three on 
each outer panel flap) and pull out the hinge pins. The flaps 
may then be removed with a do~nward pull. 

H. To Remove Pist·on Unit From Hydraulic Pump: 

(The hydraulic pump is shown in Fig. 22, Pa9e 52/ 4hcl fhe. 
}dn_.//~ j'e c:/r c/1tJ:w;l'Zf2..,<IJe1~ ..S.!Js'iern_ J .fl Fj, ;/o 43e 9/.) 

1. Disconnect and plug line from supply tank to pump. 

2. Protect adjacent furnishings from any oil that might 
be spilled. 

3. Disconnect pump handle from piston rod. 

4. Unscre~ stuffing box (large hex.). 

5. To replace packing on piston unit: 

(a) Remove cotter pin. 

( b). T-ake off_ retaining cup assembly. 

(1) Replace old packing with Cup -
Hydraulic Packing - Douglas 
Part No. 136848-6-024 (2 re­
quired). 

(o) Remove pin from piston rod spool and 
remove spool. 

(d) Take off stuffing box nuts. 
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(1) Replace packin~ of smaller nut 
with Douglas Part No. 126221-3-7-13. 

(2) Replace packing of larger nut 
with Douglas Part No. 138801. 

r. To Renlace Piston Unit in Hydraulic Pump: 

1. Place smaller stuffing box nut on piston rod, followed 
by larger nut. 

2. Put piston rod spool in position and secure with piston 
rod spool pin. 

3. Place retaining oup assembly on piston rod and secure 
with cotter pin. 

4. Place piston rod unit in cylinder and tighten stuffing 
box nut. 

J. To Remove Wing Flap Operating Strut:· 

(See Figure 23, Page 54.) 

1. Remo11e access plate. marked "Bell Crank Turnbuckle Zerktt 
and "Wing Flap Cylinder" from underside of center section. 

2. Disconnect and plug fluid lines. 

3. Disconnect cylinder and piston linkage and then detach 
indicator lead from cylinder. 

4. Remove roller bolts holding cylinder to slide. 

NOTE: Do not remove yoke clamps from 
strut cylinder since these are 
jiggBd in-plac~ to insure align­
ment with piston rod bearings in 
wing structure. 

5. Slide strut forward so that piston rod clears bracket 
and take it out of wing section. 

6. Remove block and shear collar. 

7 • . Take~out · lock wire and unscrew stuffing box nut. 

( a) Rep].,aoe w.asher packing with Douglas 
Part #l.26221-3-12-18. 

(b} . Replace packing in base with Douglas 
Part No. 135865-600240 pecking (3 re­
quired). 

a. -Unscrew base -trom -oylinder. 

Revised 11-1-34 
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9. Remove piston unit from cylinder. 

(a) Take out cotter pin ana unscrew bear­
ing. 

(b) · Remove spacers and packing (note ar­
rangement carefully). 

(c} Replace packing with Douglas Part 
#135865-6Gll0C {4 required). 

K. To Reassemble Wing Flap Operating Strut: 

-5?-

1. After packing has been replsced, screw bearing in place 
and secu1e with cotter pin. 

~ 2. Place piston unit in cylinder. 
<> ·n 
• 3. ~everse order and procedure from items l to? inclusive 

under Paragraph J. Page 56. 

L. To Adjust · WinE Flap: 

1. When it is found necessary to replace or readjust the 
wing flaps for any reason, o&re must be exercised to avoid 
damage to the fl&p su~feces and/or the control mechanism. The 
following system for installing the wing flaps and adjusting them 
properly hes been developed at the factory and it has been found 
to save considerable time. 

2. Fill hydraulic control syste~ with fluid and operate 
control strut seve1al times to eliminate all air from the system. 
Connect the push-pull control rods, in the wing, to the strut, 
and make sµre that the adjustments on the rods are all turned up 
to make the rods as sho:rt as possible. 

3. Connect all turnbuckles to the flap surfaces and the 
push-pull rods. Tighten the turnouckles until the threaded ends 
Show in the locating holes whioh have been drilled in the turn­
buckle barrels. 

4. Readjust the turnbuckles until the trailing edge of the 
flap is 21 inches belo~ the trailing edge of the ~ing. Under the 
fuselage, the flap trailing edges may be sighted tor alignment. 

5. Adjust the push-pull control rod~ 
until the turnbuckles are at a ?5 degree 
angle between the control rod and the flap 
attaching point. This may be easily ao­
complished by using a· metal template (see 
sketch) , rest·ir1g the teL1plate on the flap 
spar just beLind the turnbuckle barrel. 

, .. 
~--· .. Ga· - - -·· -·-~ 
I ------;r-:J 

.. :.------ -1 I !§. .• 
,2. TL· I I,~ 
16 .'L. 

I.,. . ... __ __ 7 ..! ·· -·•~·· ·---J 
4 -
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6. Pump the flaps into the full "up" position. watching 

the movement of the flaps carefully and noting any difference in 
travel. Lengthening the push-pull rod increases the travel of 
the flaps and shortening the rod decreases the travel. 

?. When the push-pull rods have been adjusted so that all 
flap surfaces have equal travel and the trailing edges are in 
line, tighten each turnbuckle one full turn and pump flaps int.o 
"up" position. It will be necessary to make another adjustment 
of the turnbuckles in order to make the trailing edge of the flaps 
have a slight pressure on the felt pads when they are raised to 
their full "up" position. 

8. Cautions: 

{a) Do not have con~rol rods connected to strut 
while testing hydraulic strut movement. 

(b) ~o not move flap surfaces to full «up" posi­
tion by hand if turnbuckle ends are on con­
trol rods. (Upper ends of turnbuckles are 
long enough to bear on flap covers and will 
damage covers if pushed up against them.) 

(c) Set lock nuts on turnbuckles. safety turn­
buckle barrels and set lock nuts on .push­
pull rods when adjust:nent is comnleted. 

M. Warnings: Wing Flap: 

1. Fasten all turnbuckles with safety wire. 

2. Never attempt to operate wing flaps when airspeed is 
in excess of 100 miles per hour. 

3. Use only specified fluid in the hydrauiic system; namely, 
Lockheed fluid #5 (a mixture of three parts castor oil and one 
part high boiling point alcohol may be used if Lockheed fluid is 
not available). CAUTION: Never use a mineral oil in the hydrau­
lic system as it will cause the packing in all of the hydraulic 
uni ts to seize. Check fluid level in reservoir after1 bleeding 
of lines. 

4. Always check indicator on instrument panel for posi­
tion of wing flaps. 

N. To Bleed Wing Flap Hydraulic System; 

l. With the exception of the brake system, all the hy­
draulic lin6s are self bleeding, 

Revised 1-2-30 
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J •• Description 

S~'CTlON IX 

Tl~IL WHEE'L 

-72-

1. The tail wheel is or the full swiveling type, but 
is restrained in the traiiing position by a centering arm. 
In addition, a latch which is operated from the control ped­
estal in the pilot's compartment, may be used if des~red, to 
lock the tsil wheel in the trailing ~osition during takeoff 
and landing. 

2. A 17 ~ 7 - 5 wheel fitted with Timken bearings and an 
8:00-5, 6 ply pneumatic tire (inflate to 55 pounds) is mounted 
in a fork by a straight pin axle. The fork is attached to a 
spindle shaft supported by two Timken roller bearings at each 
end of the housing. The housin~ is Jart of a built-up tubular 
frame which is attached to the structure to dampen out l~nding 
and taxiing loads. Two cross cables attached to a collar at 
the top of the spindle and attached to the structure by a flat 
link, which is connected to the turnouckles by 3/8 inch dural 
bolts, anchor the unit against rotative movement. NOTE: It is 
important in the event .of replacing these bolts that dural 
bolts of the same dimensions be used. 

B. Shock Strut 
(Figure 35, Page ?4, shows the shoe~ absorber strut.) 

1. The shock strut is s combined hydraulic and pneumatic 
type of Bendix design. Impact loads are dissipated in the hy­
draulic unit by forcing fluid through an orifice. Taxiing loads 
are absorbed mainly by the compression of the air. 

2. The strut is comprised essentially of two cylinders, 
one working within the other. The inner cylinder or piston con­
tains an orifice at the lower end. The outer cylinder has a me­
tering pin fastened to it at the lower end which controls the 
flow of fluid through the orifice es the piston moves within the 
cylinder. 

3. The action of the strut is 8S follows: When the air­
plane is in the air, the strut is in the extended position and 
fluid is in the lower cylinder. As the ¼heel hits the ground, 
the lower cylinder is pushed upward, forcing the fluid past the 
metering pin, through the orifice in the piston, 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 impact, the air in the top expands and forces the 
fluid back. 

4. Filling of cylinder: 

(a) The fluid used in this strut is Lockheed 
hydraulic fluid #5. CAUTION: Do not use 
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fLUID 
MIXTURE OF 3 PARTS CA$.TOR 
011,. AND f PAR J HIGH BOILrNG 
ALCOHOL LQCKHEED HYDRAULIC 
BRAK~ FLUID .. 5 MAY BE USED 

~ ~ REFERENCE: BENDIX DWG. 53103 

SHOCK 

BENDIX PART# 53113 
· 2¾ O.D.X lj 1.D. 

JOHNS-MANSVILLE ENDLESS 
SEA RING PACKING (REVERSE 

\STYLE-LIP ON OUTSIDE) 

ABSORBER-TAIL WHEEL 
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(b) 

a mineral oil in this strut as it will oause 
the paoking to seize. 
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The strut is filled through ttle filler plug 
in the piston when the piston is fully oom­
pressed and with the airplane in three point 
landing position. The strut has the oorreot 
amount of fluid when the fluid oOIIBs to the 
level of the filler plug, however, leakage 
ot the nuid to a level not more than 1/2 
inch below this point will not materially af­
fect 1he oharaoteristics of the strut. 

,!!!flation of Strut: 

~~d A1r pressure or approxinBtely 800 lbs./sq.in. 
1s required to inflate the strut under full 
load. This may be obtained w1 th the Bendix 
Booster Air Pump (see Page 76) attached to a 
pressure line of 80 pounds to 120 powids. One 
man w1 th ordinary e:tfort can lx>ost the pressure 
to 1,000 pounds. If he cannot do this, there 
is a leak somewhere in the line, the pimp 
valves or the connections. 

(b) Air fhould be added until the distance trom 
the oenter of -the filler plug to the top of 
the cylinder is 6 3/ 4 inohe s when the airplane 
is tulzyloaded, and 8 3/4 inches when the air­
plane is not loaded. For the first inflation, 
the distance should be approxiIIE.tely 1/4 inoh 
greater as moving the airplane will oause sooo 
absorption of the air by the fluid. A varia­
tion or 1/4 inoh either way tor final reeding 
should not be considered of importaioe. Ad­
justment should be :rmde with the airplane out 
ot the wind, w1 thou t the slipstream of the 
propeller and with the tail on the ground. 
Arter the strut 1s .once correctly adjusted, 
readjustments should not be IIBde tor minor 
changes as this may be due to ahange in posi­
tion of the airplane, change ot load, wind 
action, paok1ng friction, eto. Always oheok: 
only after the airplane has been correctly 
loaded with tail down. Do not over-inflate 
as hard taxiing and bounce will result. 

6. Air Valve: 

(a) The air valve 1s a speoial. Shrader rubber type 
developed tor this purpose. This valve tunotiona 
similarly to that or an automobile tire. The hex 
cap provided with th is type o:r valve };las a soft 
matal seat to furnish a secondary seal'. It should 
be sorewed down tightly. The cores are replaoe­
able. 

Reviaed 5-1-M 
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(b) The valve core and the seat around the filler 
plug should be tested for leaks by putting a 
little oil on these points to show the presence 
of air bubbles. Mineral oil should not be used 
as gum.ming may result if it is allowed to reach 
the packing rings. 

?. Packing: 

(a} The Johns-Manville Se& Ring Packing used in the 
strut is an automatic adjusting type and should 
be tightened do¼n only enough to keep the pack­
ing from moving in the packing box, which is 
the sp&ce bet\c,een the piston and the packing nut. 

8. Booster Air Pump: 

(a) The Bendix Booster ~ir Pump is & hand operated 
pump of sm0ll bore anu long stroke, which is 
designed to boost mod~rately high air pressure 
to approximately ten to t~elve times the in­
taKe pressure. The intake pressure is obtained 
by attachin[ the air chucK of the ordinary high 
pressure air line, 01 if this service is not 
available, any reasonably good tir·e pump can be 
used as an emergency source of' supply by attach­
ing the hose to the intake side of the booster 
plL.111p. 

(b) Operation of Pump: 

(l} While attechinf air line, hold pump 
handle up to avoid the piston being 
forced Up\ve.rd. 

(2) Do not tighten thumb screv, on air 
chuck of intake line more than is 
nec8ssary to atmit the air without 
leakage. 

(3) Be sure that all other connections 
are tight, as any leakage will result 
in a loss of pressure. 

(4) Care should be taken to drain any 
water in the air line before attach­
ing to the pumry. 

(5) Operate pump through full stroke. 

C. Tail Wheel Centering Arm 

(hefer to Figure 35a, Page ?6a.) 

1. Description 

(a) The tail wheel centerin~ ar~ assembly is mounted 
st the top of the tail wheel column, vvith the 
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arms at right angles to the centerline of the 
airplane. To a link at the end of each arm, 
is attached a "Rusco Aero Ring", 11/16 x 14 I.D., 
~hich leads rearward and is attached by means of 
a lug to the stabilizer doubler on each side of 
the tail section. Si~ilarly, two rings of the 
same dimensions are attached, one to each end of 
the arms and forward to two cable and ·turnbuckle 
assemblies which in turn connect to a lug located 
between two channels in the bottom ·of the fuselage~ 
just aft of the rear baggage compartment bulkhead. 

(b) The stabilizing effect of the centering arm as­
sembly is realized ~hen the tail wheel reaches 
the neutral position where the lugs on the cen­
tering dob match with the recesses in the tail 
wheel centering shaft, and the dog is forced in­
to place by the spring below, thereby coupling 
the tail wheel assb~bly to the centering arm 
as~embly. Due to the arrangement of the lugs 
on the dog, the two assemblies are allowed to 
couple only when the tail whe6l reaches the neu­
trGl position. ~h0n coupled, th6 tail wheel must 
swivel aJnroximately 35 degrees against the drag 
of the "Aero rings" before the dog is automatically 
forced to disengage, and the tail wheel permitted 
to s~ivel freely. 

(c) Automatic declutchin€ is caused by the action 
of a cable, the ends of which are attached to 
each side of the dog. The sides of the loop thus 
formed pass through fairleads on the tail wheel 
shaft housing below the dog, and through a return 
pulley at the lower end of the housing. As the 
swivelinb motion begins. the cable ends are forced 
to follow the path of the dog, to approximately 
35 degrees swivel, where the cable has been short­
ened sufficiently to pull the dog out against the 
action of the spring and clear of the recesses in 
the centering shaft. The centerin£ arm is thus 
free of the tail wheel, and snaps back into neutral 
by action of the "Aero Rings", ready to be engaged 
when the tail ~heel afain comes into the neutral 
position. 

(d) The tail wheel centering arm may be declutched 
manually by pulling do~n on the cable provided 
on the pulley of the declutching device, and 
attaching the link to the clip lever at the lower 
end of the housing. Such declutching is advan­
tageous when movin~ the airplane by hand. 
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2. Maint-.ance 

{a) Adjustment 

(1) The aro throufh which the tail 
wheel must swivel before being 
automatioally declutched may be 
adjusted to any desired angle. 
As the airplane leaves the fao­
tory, this anfle is approximately 
35 degrees. By loosen~ng or tak­
ing up the check nuts on the clevis 
bolt of the declutdhing cable, the 
arc may be rtspectively increased 
or decreased. 

(2) Th6 tension of the "Aero Rings" 
should be kept equalized by ad­
justment on th6 turnbuckles on 
each "Ring" &ssembly. When the 
tension 1s bqUGlizeu, the oenter­
in~ arms will be at right angles 
to the cente1line of the airplane, 
provided the tail wheel is free 
to swivel. 

(b) Lubrication 

(1) A Zerk- fitting is provided in the 
centerin£ er~ bearing. 

(2) The declutching cabl~ should be kept 
~ell grease~ ~1th "No-oxide" grease. 

D •. Removal of Tail Wheel Spindle 

(See Figure 34, Page 73} 

-??a-

1. Remove two bolts attaching cem plate and centering arm 
assembly to spindle. 

2. Lower apindle out of housing. 

E. Adjustment of SpinJle Bearins 

1. Remove retainer locking scr·c;v, from cam plate. 

2. Tighten retainer until there is no end movement of spindle. 
Be sure, however, that the spindle is still free to rotate easily._ 

3. Replace retainer locking sere~. Should the screw not match 
~ith a notch, the retainer may be backe~ up to the nearest notch. 

F. Removal of Wheel from Fork 

1. Detach nut from end of axle. 

2. Pull axle clear of wheel an:J. fork. 
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FfG.36 VIEW OF TAIL WHEEL UNIT READY FOR ASSEMBLY 
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FILL SHOCK STRUT TO 
FILLER PLUG LEVEL WITH 
A MIXTURE OF THREE 
PARTS CASTOR OIL ANO 
ONE PART HIGH BOILING 
ALCOHOL WHEN FULLY 
COMPRESSED. LOCKHEED 
HYDRAULIC BRAKE FLUID 
¥5 MAY BE USED. 
CAUTION: DO NOT USE 
A MINERAL OIL. 

ZERK GREASE 

NOTE:-
WHEEL ANO SPINDLE BEARINGS 
ARE PACKED WITH GREASE 
ON ASSEMBLY 

PAGE 79 

GREASE 

ZERK GREASE 

ZERK GREASE 

LUBRICATION TAIL WHEEL 

REFER TO DOUGLAS DRWG. ,s530548 FIG.37 
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A. Description 

SECTION X 

LANDING GEAR 

-80-

1. Genera1: The landing gear oonsists of two independ­
ent units; one mounted under eaoh nacelle and so arranged 
that they may be folded into the nacelles, leaving only the 
bottoms ot the wheels projecting. The description of each of 
these units 1s as follows: The wheel is mounted between two 
oleo-pneumatic shook absorber struts v.hich are solidly clamp:,d 
to the axle and connected together at 1heir upper ends by rig­
id trusses. Attached to the axle at eaoh side of the wieel is 
a yoke type brace strut which runs up and to· the rear, hinging 
just aft or the center spar to a double wing rib designed tor 
this purpose. The upper end of the shook absorber and wheel 
assembly is hinged to a movable truss, rotative about its up­
per ri ttings whioh are attached to ihe tront wing spar. A 
hydreulio retracting strut is attached near the center of ·this 
rotative strut in such a manner that when the strut is retract­
ed it rotates the upper tru~s forward and up into the naoelle. 
Sinoe the shook absorber and wheel assembly is hinged to the 
lower end of 12:ie upper truss, it is also pulled into the na­
celle. The wheel iooves in an arc having the rear titting at 
the brace strut as 1 ts center. When ttie gear is fully retract­
ed, the pro jeoting ends of the axles fit in sockets built into 
the sides or the nacelle and designed to take the weight of ttle 
airplane if it shoUl.d be applied on the gear when in the re­
tracted position. Because of this latter arrangement, the air­
plane may be set down with the wheels retracted to lessen the 
danger or nosing over ir a forced landing on rough ground is 
imminent. 

2. Axles: The axles are of heat treated chrome molybden­
um steel tubing and eaoh is made in one pieoe. The axles a.re 
interchangeable left and right. 

3. Wheels: Ben11x wheels mounting 42 x 15.00-16 tires 
are used. (The Depart:!lent of Commerce re quires that these tire ■ 
be 10 ply.) Both mee1 s are made left hand style 1n order 1D 
facilitate interchangeability on right and le:t't sides or the air­
plane. The proper air pressure for the tires is 40 pounds per 
square inoh. 

Revised 5-3-34 
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4. Shook A.bmrbers: (See Figure 39, Page 83.) The 
shook absorbing units are Bendix_Pneudreulio shook struts. 
There are two struts tor eaoh wheel. This strut 1s ot the 
telescoping type employing a combined pneumatic and hydraulio 
strut 1nolud1ng a rebound snubbing devioe. The pneumat1o 
ahamber is abo.ve and the hydraulic chamber 1s below. Impaot 
loads are absorbed by the flow of oil through an orii'ioe, 
whiah varies at ditf'erent points in 'the stroke, end by the 
compression ot the air above the oil as the oil level risea. 
Taxiing loads are absorbed largely by the oompression ot the 
air as Ule veJ.ooity ot the oil throµgh Ule orifice is not 
auffioiently great to absorb much energy. Rebounds are re­
duoed by a snubbing device so set that the natural period at 
rebound ot the tire may be al.mpst instantly daIIl)ed out by 
another period ot the strut oontrolled by· the snubber. 

(a) Operation of Pneudraulio Shook Strut: 

J.tter takeoff, the strut is completely 
extended by the air pressure in the strut 
which is suffioient to seal the paoking 
against leakage. Upon landing, the oil 
1s toroed through the orifice by the down­
ward movement ot the piston into the upper 
chamber, oompre ssing the a1 r above the oil 
but paaa:lng :rreely throu~ the tlap valve 
on the top of' the snubber tube mounted a­
bove the orit1oe. As soon as the stroke 
is oomple'ted, the oompressed air tends to 
toroe the oil back, which closes the flap 
valve and allows the oil to be DBtered 
slowly out through the an.all holes at the 
bottom or the tube, thereby controlling 
rebound. The size of these roles may be 
varied to suit the rebound eharacter1at-
1cs desired. 

(b) Filling ot Cylinder: 

(1) The fluid used in this strut is 
Lockheed hydraulic fluid #5. 
(CAUTION: Do not uae 'a mineral 
oil in this strut as it will cause 
the packing to seize.) 

(-2) The strut is f' illed Ulrough "the 
tiller plug when 'the strut ia 
f'ully compressed end the airplane 
is in three point landing pos1 tion. 
Fill the strut until the fl u1d 
oomes to the level of Ula tiller 
plug. A variation of' the fluid 
level to not mre than 1/2 inoh 

Revised 5-3-34 
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REi'FR 70 OOVvLAS JA,rffW/M, "€698ff 

DRILL ¾ C:S X 90° .K «e DIA. 
WING FL.AP OPERAT/N(j PISTON 

Nt./T WRENCH 
RE.FER TO OOl./6LAS PRAWIM'i #z698~ 

i-----.31--.....-.. 

O,R/LL 3/lJ C:S'I( 9o•x~ 0/A. 

RETRACT/NO STRI./T CYL/N.OER 
PACK/IY(j HOV.5/IVu LOCK l'r'I/T HIRE/IC/I 
NErER TO 001./tYL AS DA!AWINQ #,e6.98-'R 

/VOTE : ALL WRENCHES 

CA£JM/t/M PLATE 
DOU6LAS F·2/ 

PAGE 82a 

FIG. 38a SPECIAL TOOLS 
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SHOCK AB.SORBER UNION W~£"/VCH 
RE/"'ER TO L>Ol/6LAS DRAWING ~ 26984J 



C-2-'l ~~_,,N'i; -------------~~-------~----

-140-

BE~X PART NO. R-107-522D 
REfER TO DOUGLAS DWGS. NO. 

5.3054 9& 530550 

THE fLUID USED IN THIS STRUT IS A 
MIXTURE Of 3 PARTS CASTOR OIL AND 
I PART HIGH BOLING POINT ALCOHOL 

(LOCKHEED HYDRAULIC BRAKE FLUD NO. 5 
MAY BE USED) 

BENDIX PART 
R-107-533 

LANDING GEAR PNELORAULIC SHOCK STRUT 



( below the filler plug level will 
not materially at'feot the operat­
ing characteristics ot the strut. 
Be positive 1hat 'the f 1ller plug 
is tightened suff1ciently to in­
sure an airtight oonmotion under 
high pressure. 

(o) Inflation of Strut 

(1) Air pressure or approximately 675 
pounds per square inoh is required 
to innate the strut under :full 
load. Tl11s pressure may be obtain­
ed with the aid o:f the Bendix Boost­
er Pump (Instructions on the opera­
tion ot the Booster pump will be 
found on Page 85) attached to a 
pressure line of 80 to .120 pounds 
per square inch. In oase the pres­
sure cannot be boosted to approxi­
ma. tely 1000 pounds per square inch, 
inspect all pump valves and oonneo­
tions in the lines for leaks. 

(2) Air should be added until the dis­
tanoe fran the center at the axle 
to the underside of 'the clamping 
nut is 16 5/8 inches when the air­
plane is under full load. For the 
first inflation, the distances 
should be approximately 1/4 inoh 
greater as some take-up w111 be 
oaused by absorption of the air by 
the fluid. A variation ot 1/4 inch 
either way tor final reading may be 
tolerated. All adjustments should 
be made with the airplane in quiet 
air and with the tail wheel and 
landing gear wheels re sting on the 
sane level horizontal plane. Re-ad­
justments should not be made tor 
minor variat.ions, suah as change of 
load, wind conditions, paoking trio­
tion,etc. Checking of adjus1ments 
should be done only e.:rter placing 
airplane in proper loaded position. 
Do not over-inflate as hard taxiing 
end bouncing will remlt. 

Revised 5-3-34 
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(d) Air Valve: 

(1) ~he air valve 1s a special Sohrader 
rubber type developed for this pur­
pose. It 1s similar to that or an 
automobile ti~. The hex oap pro­
vided with this valve has a soft 
metal seat to furnish a secondary 
seal. It should be screwed down 
tightly. Valve cores are replace­
able. 

(2) The valve oore and seat around the 
tiller plug should be -tested tor 
leaks by putting a little oil in 
these places. Leaks will show 
their presence by formation of air 
bubbles. CAUTION: Do not use a 
mineral oil as gumming may .result 
it the oil reaohes the packing rings. 

( e) Booster Air Pump: 

(1) The Bendix Booster Air Pump is a 
hand operated pump or small bore 
and long stroke, wh1oh is designed 
to boost moderately high air prea­
sure to approximately ten to twelve 
times the intake pressure. The in­
take pressure is obtained by attaoh­
ing the air ohuok ot an ordinary 
high pressure 11m; or, it 1h1s 
service 1s not available, any reas­
onably good tire pump oan be used aa 
an emergency souroe ot supply by at­
taohing a hose to 1he 1n take aide ot 
the booster air pump. 

(2) Operation ot Booster Pump: 

a. While attaohing air line, hol4 
pump handle up to avoid having 
piston toroed upward. 

b. Do not tighten 'thumb screw on 
air ohuok or intake line more 
than is necessary to admit the 
air without leakage. 

Revised 5-3-34 
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o. Be sure that all other connec­
tions are tight, as any leakage 
will result in a loss of pres­
sure 

d. Care should be taken to drain 
any water in the air line be­
fore attaching to the pump. 

e. Operate pump through full stroke. 

-86-

5. Brace Strut and Upper Truss: The rear brace strut is 
a welded fork of heat treeted chrome molybdenum steel tubing. 
The upper truss is mcde of normclized chrome molybdenum steel 
tubing, with the exception of the two main tubes which are hest 
treoted chrome molybdenum steel tubing. With the wheels extend­
ed, they serve es compression members and with the wheels re­
treated, are subject to bending. 

6. Bungee: The weight of and the oir dreg load on the 
londing gecr flre bclanced by P. oungee consisting of eight loops 
of 11/16 inch x 14 inch elestic shock cord, "Rusco" Aero Ring 
(or equivalent), which hes been tested to 1100 lbs. per square 
inch with en allowance of plus or minus 100 pounds at 100 per 
cent elongction. This bungee is uttached to a fitting connected 
to the upper truss by n 5/16 inch diameter hent tre~ted nickel 
steel rod, Bnd toe fitting in the recr section of the nacelle. 
This practice serves to reduce to a minimum the oil pressure 

, necessary to opercte the retrrcting mechanism, To fucilitote 
removal of the bungee shock cords for replacement or for dis­
assembly of the londing gePr, c special spre~. der bar, c.s shown 
in Figure 390, Poge S?u, 1s necessary. The tool holds the loop 
of shook cord extended end reli~ves the attaching fittings of 
the tension locd. 

?. To Remove Bungee Shook Cords: 

(n) Enter nccelle tnd ploce spreader bar 
between yokes of bungee. 

(b) Plcce lending ge[r control valve in "up" 
position end r~ise landing gecr until 
tension of shocA cords is relieved from 
lending ger-r .r.nd nacelle cttf!chment points 
and trcnsferred to sprecder bsr. Lock 
landing gecr in "up" position, or prefer­
ably, provid~ r support, such as n jack, 
under lending gecr ~xle. 

( c) Detf.;.ch fittings. from landing gec.r end 
nacelle, ond trke fittings, shock cord 
end sprerder brr out as a unit. 

Revised 10-25-34 
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(d) By means of a chain fall, or other 
available equipment, stretch shock 
cords far enough to free spreader 
bar. Approximately ?,000 p~unds pull 
is necessary. 

(e) Remove spreader bar. 

(f) Relieve shock cords of tension so that 
they may be easily removed from fittings. 

-87-

8. Retracting Strut: The retracting strut consists of 
two tubes of normalized chrome molybdenum steel which telescope 
together. The upper end is attached to the nacelle structure 
and the lower end to the landing gear upper truss. Oil pres­
sure from the retracting pump causes this strut -to extend or 
retract according to the setting of the control valve. At the 
lower end of the ~etraoting strut there is a screw fitting pro­
vided to adjust the extended length. This fitting should be 
screwed in or out until the strut, when installed, holds the 
rear tubes of the upper truss parallel with the front face of 
the wing spar. 

9. Safety Latch: A spring loaded safety latch is installed 
on the rear wall of the nacelle. The latch operates with the re­
tracting strut in thEt it moves into place when the wheels are ex­
tended, thereby locking them in the safe landing position. The 
spring in the latch cylinder handles this action. When the gear 
is ret~acted, the hydraulic fluid goes into the bottom of the 
latch, exerting pressure on the spring and forcing the latch up­
ward, thereby releasing the gear. 

show~ ,·11 Fis• ~.z ~e S ~ 
10. Retracting Pump: The retracting pump~is located in the 

pilots' compartment at the left side of the co-pilot's seat. A 
four-way valve, located to the left of the co-pilot's seat, con­
trols the operation of the mechanism. Ref'r:r -co Fiy.,/o ,~:3e_ <1!. 

11. Retracting Lines: The retracting lines are 1/2 O.D. x 
.035 normalized chrome molybdenum steel tubing, In order to in­
sure oil tight connections, the ends of the tubes are flared and 
reamed for Parker fittings. Pipe fittings are tinned to further 
insure oil tight connections. The hydraulic line from the re­
tracting strut to the tee connection for the latch is made of 
5/16 inch copper tubing. 

12. Fluid Reservoir: The reservoir for the fluid used in 
both the retracting and the brake systems is located on the front 
bulkhead of the cargo compartment and is fitted with a filler neck 
which extends to the passageway for servicing. With the gear down, 

Revised 10-25-34 
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till to the petoook level with Lockheed tlu14 /15. CAT.Jr ION: 
under no oons1derat1on use a mineral oil in this reservoir as 
it will ~ender the retracting strut inoperative at once by 
causing the pis ton i:aoking to swell and seize within the cylin­
der. A sight gauge is provided t,o aid 1n determining the con­
tents or the reservoir at all t1rms. 

13. Shut-off Valves: A hand operated globe valve is pro­
vided at the upper end or eaoh retracting strut. If these valves 
are olosed when the gear 1s tully extended the gear will be held 
in that position and pressure may be relieved in the rest of the 
system. This provision is made in order that the lines or the 
pump may be disconnected for repairs. The globe valves must be 
safetied in the open posi t1on whEll the gear is to be operated. 
Whenever these globe valves are uaed a tag should be attaahed to 
the th rot tl es so that the pilot will know hero re tak 1ng ott the. t 
he cannot retraot the landing gear. 

B. Indicating System 

(Refer to page 131a tor adjustment or landing gear warning 
awi tches.) 

l. WARNING HORN: 

A horn locai;ed on the bulkhead at the rear 
01· the co-pilot sounds whenever the throttle 1s 
olosecl it one or both sides of the landing gear 
are retracted, unlatched, or the control Talve 
handle is not in the neutral position. The horn 
is operated by th.re e two-c1rcu1 t sw1 tches 1n par­
allel; one on eaoh landing gear truss and one on 
the control valve. 

2. WARNING LIGHTS: 

The ret-racting pump valve handle 1n th& pi­
lots' cockp1 t has a ':wo-c1rcu1 t znri toh 11h ioh, 
when the valTe 1s in the neutral position, oper­
ates a green light. The awitahes on the upper 
truss or the landing gear are in series with the 
valve ni toh and must be closed, by the wheel a 
being in the sate landing pos1 ti.on, be:tore the 
green light will go "on". When the valve is not 
in the neutral posi t1on, a red light will be "on" 
in the panel to the right or the eleotr1 cal panel•. 

3. PRESSURE GAUGE: 

The pressure gauge located 1n the oookpi t 
indicates the presence or absence o'E fluid press­
ure aoting on the re traoting s~ru t llhen in the ex­
tended posi'tion. (It records the actual pressure 
bu't this is unimportant. See Paragraph 3, Page 
90.) 

BeT1sed 5-3i-34 
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4. Suumary ot Signal Meanings: 

(a) Green light and no horn at olosed throttle 
indicates both wbeela in sate landing pom.­
tion and control valve in neutral position. 

(b} Red light and horn at olosed throttle indi­
cates either one or both or 'the following 
are not in oorreot position: control valve 
not in neutral position and/or landing gear 
not in safe landing position. 

(a) Red l 1gh t and no horn ( th rot tl e not olo8ed) 
1ndioates wheels in retracted position. 
(Note: Control valve must be in neutral or 
wheels will extend without indication.) The 
oontrol valve should always be reuirned to 
the neutral position upon completing any 
landing gear operation. 

c. Operation ot Retraoting Gear: 

(Rater to Figura 40, Page 91.) 

1. To Retract! 

(a) 

{b) 

(c) 

Pull control valve handle up. Red warn­
ing light will go "on" as soon as valve 
leaves neutral position •. 

Operate pump until gear 1s re traoted·. 
The aooumulation or pressure in ttle line 
will be f'elt on the pump handle. Attar 
the wheels have ooim up into plaoe, a 
hard push or pull on the pump handle will 
insure that they are tully up aga1nat 12le 
pillow blooks in the naoelle structure. 
It' th is is not done , the Wheels ms,- hang 
alight1y out or the naoelle. 

Return oontrol valve to neutral ~sitir! 
ilmnediateli• This w1.1: kiap whee a tu y 
retraoted. 

2. To Extend: 

(a) Push control valve handle to "down" poal­
tion. If throttle 1s oloaed, horn will 
sound until wheel. s are in aate landing 
position. 

(b) Operate pump until gear is tully down. 
This will be 1ndioated by the building 

Revised 5-3-34 
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up at pre asur e in tm system 11h 1oh may 
be rel t on 1he pump handle am shown on 
gauge. 

(o) Return oontrol valve to neutral posi­
tion. If wheels are latched 1n sate 
landing position, horn will stop sound­
ing, red light will go "ott" and green 
light Will go "on". 

NCYrE: Approximately 15 seoonds are 
required to extsid the gear 
and approximately 25 seconds 
to retract. 

3. To Land Without Latch Engaged: 

( a) The eirplane may be landed whether the 
wheel latches are engaged or not pro­
vided the gear is full~ down with the 
tluid in the system un er pressure. The 
horn will keep on sounding and the red 
light will stay "on" as 1he latoh 1s 
oonne o ted with the horn sw1 toh • 

(b) The actual amount at preasure on the 
~gauge 1s 1nmater1 al as 1b e only requi-
s 1 te s are that the system oontain a full 
column or fluid and that the control 
valve handle be mved to 1he neutral 
position. Solid resistance telt on the 
pump handle when the gear is tullt down 
indioates that there 1s sutticlen pres­
sure. 

4. To _ Land Without Fluid Pressure: 

{a) The airplane may be landed with no pres­
sure maintained in 1he system provided 
the latches ere engage4. Thie will be 
indioated by the green light. 

Rev1aed 8-20-34 
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D. Replaoement ot Pneudraulio Strut Packing: 

(Refer to Figm-a 39, Page 83.) 

1. To remove shook strut: 

(a) J'aok up airplane and support 1 t on 
wing je.oks. 

(b) Remove bolts trom upper and lower 
connecting points ot strut. 

{c) Lift· entire Pneudraulic strut out. 

2o To disassemble Pneudrau.11o stru't tor repacking: 

(a) Loosen filler plug end drain . out 
fluid by canpressing strut manu-
ally. 

(b) Loosen set screw in lower outside 
cylinder 1ook1ng nut. 

(c) Unscrew locking nut. 

(d) Pull lower chamber out, pulling 
packing, spaoers end bumings. 
(Carefully note arrangement to 
facilitate reassembly.) 

( e) Replace old paoking with Bendix 
Part No. R-107-546B. This paok­
ing 1s an automatic adjusting type 
end should be ti gitened down only 
enougi to keep 1 t from mov1ng in 
the packing box. 

E. Replacement or Packing in Retraot1ng strut: 

(See Figure 41, Page 92a.) 

1. Support airplane on :tripods. 

a. Disoonneot and plug both fluid lines. 

3. CAUTION: Beoause of the tension in the blngee, it 
is important that a cable support be lashed between the rear 
brace strut and upper truss betore _remoYing the retraoting 
strut. 

4. Remove attaoh1ng bolts from top and bottom of stru't 
and take s.trut out. 

Revised 5-3-34 
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5. Piston: 

(a) 

( b) 

( C) 

Unscrew packing flange. (The threads 
on this are set in litharge.) 

Pull out piston. 

Remove cotter pin and unscrew nut. 

(d) Remove old packing and replace with 
packing ring, Douglas Part #135865-
6Gl26C (4 required per strut). 

6. Cylinder: 

( e.) Remove nut. 

(b) Itemove old packing and replace with 
Douglas Part #135866-6Gll6C (2 re­
quired per strut). 

7. Packing should be tightened so as to hold fluid but 
be free enough to slide. 

F. Replacement of Packing in Pump 

1. Refer to Paragraph H, Page 53. 

G. Bleeding of Hydraulic system 

1. With the exception of the brake system, all the hy­
draulic lines are self bleeding. 

H. Removal of Wheel 

(Refer to Figures 42 and 43, Pages 95 and 96.) 
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1. Jack up wheel until it clears ground, using jack pads 
provided on rear brace strut. If possible, use wing jacks while 
wheel is off. 

2. Close valve in hydarulic brake lines et chassis fork. 
NOTE: When closing this valve, first loosen jam nut on side of 
valve as this nut, when screwed up, tends to lock valve control 
handle to prbvent leakage. Then turn valve handle slowly. 

3. Disconnect end plug brake fluid lines at their first 
union connection nbove the broke. (This union is held to the 
wh~el fork by o clip.) 

4. Disconnect both bre.ke torque rods from their respective 
torque erms and swing them upward and out of way. 

Revised 12-8-34 



( 5. Loosen bolt in axle olamp at l.owar end ot both ri@Jlt 
and lett band Pneudrailie struta. 

6. Remove key• trom slota. OheGk arrangement '° tao111• 
tate reassembly. 

7. Pull entire wheel assembly forward and out. 

Do not reconnect brake lines until 
atter llheel ha• been oompletely re­
installed, then open bleeder plug on 
"Y" valve and at same time open ValTe 
SLOWLY as this will allow air bubbles 
in lines below valve 1D rise and ea­
oape. Continue bleeding until fluid 
runs clear and tree trom air. When 
bleeding process is complete, tighten 
jam nut (mentioned in Paragraph H-2, 
Page 93) to prevent va1ve trom leak­
ing. 

I. Adjuatment ot Bearmgs 

1. Slip axle into wheel until integral bearing comes into 
place. 

2. Slip other bearing and ring onto axle with male tit ot 
ring 1n k:eyway. 

3. Screw on nut until bearings hold lheel t1rm and snug 
mt not tight. (NOTE: Insert three or tour maGhine sorewa 
into holes proVided In nut. This Will aid 1n acrewi~ nut up.) 

4. Check to see it brake drums end linings are lined up 
properly. Ir ttley are not, it will be necessary to add spe.oera 
outside the integral bearing until brake drums end linings are 
in t.b.e1r proper post. tion. 

5. Atter wheel is properly set up, tighten the screws 
around "the nut until they are snug. as these aorews prevent the 
nut trom tum 1ng. 

6 • satety screws w1 th wire • 

J. Lubrication 

(The Lending Geer Lubrication Char, 1• shown 
in Fi8,lre 441 Page 97.) 

1. Zerk fittings are provided at t,ie tollowlns points: 
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( 

(a) At both ends or the retracting strut. 

(b) Upper and lower ends or uppei- truss. 

(c) Both forks and upper end or rear braae 
I strut. 

tt) 
cO 
I (d) At eaah end of the forward bungee fit-

ting. 

2. Wheel bearings are packed with Standard "BRB" grease. 

Revised 5-31.,;34 
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A. General Description 

SECTION XI 

BRAKE SYSTEM 
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(The brake system is shown diagrammatically in Figure 45, 
Page 99.) 

1. The brakes are Bendix Hydraulic size 12 x 2 1/2 inch. 
There are two _brakes to each wheel, one being mounted on each 
side of the wheel. The fluid used in the brake syste~ is the 
same as that used in the shock absorbers and retracting mechan­
ism; namely, Lockheed fluid #5. The brakes are operated by 
two brake handles and the rudder pedals. The two brake handles 
extend rearward through the instrument panel, one in front of 
each pilot. Pulling either handle applies pressure to the sys­
tem. This pressure may then be differentiated between the 
wheels as desired by pushing on the appropriate rudder pedal. 
The left or pilot's brake handle may be set in any _position by 
turning the handle to the left or right, thus providing a park­
ing brake. A fluid supply tank looated on the bulkhead at the 
rear of the co-pilot's seat. furnishes th~ fluid for the hydraul­
ic system. The fluid passes from the supply tank to the master 
cylinder and then to the differentiating cylinder. From this 
cylinder, the fluid passes to a tee connection fitted with a 
cock valve and located at the fork of each landing gear chassis. 
At this point the hydraulic lines divide, with one line going to 
each side of the wheel. The fluid of the hydraulic system is 
carried in 3/8 inch 4SO aluminum tuning. The hydraulic lines, 
adjacent to the brakes, are 21/32 inch o.D. Wagner Electric 
Company flexible rubber hose. 

B. Master Cylinder 

(The master cylinder is shown in Figure 46, Page 100.) 

l. Description 

(a) The master cylinder is so designed that it 
automatically maintains a constant volume 
of fluid in the system, thus compensating for 
any expansion or contraction of the fluid due 
to temperature changes, or replenishing any 
loss resulting from slight leaks. Fluid is 
furnished to the master cylinder by the sup­
ply tank mounted on the wall of the cargo 
compartment. 

(b) A small port hole through the wall of the 
cylinder into the inlet chamber on the top 
of the cylinder is located so as to be di­
rectly forward of the master piston cup when 

Revised 10-25-34 
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( C) 

the piston is in the "off" or released 
position. The first 1/16 inch of forward 
travel closes the port. 

When a rise of temperature causes the fluid 
in the brake system to expand, the excess 
finds its way through the port hole into 
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the supply tank. When a drop in temperature 
causes the fluid to contract, the loss is 
replenished from the supply tank through 
this port. Thus a constant volume of fluid 
is maintained in the system. 

(d) From the foregoing discussion, it is appar­
ent that the compensating feature will be 
lost unless the piston always moves back 
against the stop, so that the master cup is 
at all times back or clear of the port with 
the piston in "brake off".position. 

(e) A combination inlet and outlet check valve 
in th6 head of the master cylinder is held 
in place by a piston return spring. Wtien 
the operating handle is pulled, the master 
cylinder piston is pushed aft and the outlet 
check valve (small center valve) is opened 
by the fluid as it is being forced into the 
system. When the operating handle is re­
leased, the master piston return spring 
fore es the piston baclt to the "off" pos i-
t ion against the stop. 

(f) Simultaneously, the ~heel cylinder pistons 
are returned by the brake shoe return springs, 
forcing the fluid back through the inlet 
(large outer) check valve until the fluid 
pressure balances the weight of the master 
piston return spring, at which point the in­
let valve is allowed to close. 

(g) Should the volume of fluij thus returnee be 
insufficient to equel the displacement caused 
by the return of the master piston, a partial 
vacuum is created in the master cylinder for­
ward of the master cylinder cup. This vacuum 
causes the master piston cup to turn in at the 
lip, and because the area, at the rear of the 
masteT cup and for~erd of the secondary cup, 
is filled with fluic und6r slight pressure 
from the supply tank, sufficient fluid is al­
lowei to by-pass into the master cylinder by 
way of a series of small holes through the 
piston. Any excess fluid introduced into the 
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system by this means will pass freely back 
into the supply tank through the port hole 
when the complete system has returned to 
its "brake off" position. 

To Remove Master Cylinder: 

(See Figure 45. Page 99) 

(a) Disconnect operating lever adjustment screw 
clevis from piston; break inlet and outlet 
lines at "B" nuts (3 places); and remove 
cylinder attaching screws (4 places). 

... 102-

3. To Remove Piston: 

(See Figure 46, Page 100) 

(a) Remove cylinder fro~1 airplane (See 2 (a) 
above). 

(b) Remove lock ring, "A", and stop, "C". 

(c) Piston, "D", may now be removed. 

(d) Piston cup, spring and valve assembly may 
be removed with light charge of air through 
end fitting. 

(e) Replacements for following parts are: 

Secondary Cup on Piston •••••••••..•••••••••••• Lockheed F.D. 1311 
Pis ton Cup • • • • • • . • • • • • • • • • • • • • • • . • . . • • . . • • • • • • Lockheed F .D. 344 
Piston Return and Valve Retaining Spring •••••• Lockheed F.C. 932 
Valve Assembly •••••••••••••••••••.••••••.••••• Lockheed F.C. 5?8 

4. To Adjust Master Cylinder Operating Lever: 

(See Figure 45, Page 99} 

(a) The function of the master cylinder adjust­
ment screw is to compensate for varying fluid 
requirements caused by brake lining wear and 
other variables. 

(b) Adjustment should always be made so that with 
the brakes "full on", the master cylinder oper­
ating lever will have 1/4 inch to 5/16 inch 
clearance from the lever stop. This will al­
low for slight lining wear before further ad­
justment is necessary. The lever should al­
ways stop against the fluid rather than against 
the lever stop to allow for excessive braking 
requirements in an emergency. The most effec­
tive braking is with the operating lever working 

Revised 10-25-34 
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( near the stop at "full on''. 

(c) It is evident that with the piston in the 
"brake off" position (which is against the 
stop on the end of the cylinder) that the 
position of the operating lever will vary 
with each change of adjustment. It is with 
this adjustment made for new lining that 
the cable length and take-up requirements 
are determined foI the lever operating cables. 

C. Differentiating Cylinder 

(See Figure 4?, Page 103, and Figure 4?a, Page 103a) 

1. Description 

{a) The design of the differentiating cylinder 

( b) 

{Cl 

( d) 

is such that both pistons are held against 
a center spacer in & neutr&l position by 
end reteining sprin§s until actuated by the 
master cylinder. Due to the permissible 
floating of tube and rod within.the pistons. 
the rudder bus cable is permitted to travel 
freely approximately ?/8 inch each way from 
the neutral position without requiring the 
pistons to move, thereby causing no fluid to 
be displaced by the differeatial pistons into 
the brake lines. 

Howeyer, when the master cylinder is operated, 
fluid is forced equally into the inlets of 
both cylinders thus forcing both pistons out­
ward against the springs to the limits of the 
stop nuts on the tube which extends through 
the pistons. The fluid and pressure neces­
sary to deflect the end springs to this posi­
tion is built u~ in the brake lines while · 
taking up slack in the system in preparation 
for braking. 

While in this position, the piston, through 
the medium of the valve metering pin, allows 
the valves to assume the partly closed posi­
tion. 

As the left rudder nedal is moved forward, 
the bus cable is moved to the left, causing 
the pistons also to ~ove to the left, thus 
closing the~ valve and leaving the right 
valve open. Due to t~e two different size 
piston cups on each piston, and the two dif­
ferent areas occupied by the pistons, th8 
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cuter portion of the bore being larger 
than the inner portton, the movement of 
the pistons to th6 left causes flui~ to be 
forced fro~ the right piston. The fluid 
tends to flow bac~ through the inlet valve 
to the master cylinder and e.round to the 
lef't cylinder, but since the left valve is 
closed, the only open passage is through 
the right outlet to the brake line which 
leads to the left brake cylinder. 

(e) The amount of fluid displacement and con­
sequently the pressure built up in the 
brake cylinder depends on the amount of 
forward movement of the respective rudder 
pedal and master cylinder piston. 

2. To Remove Differentiatin& Cylinder: 

{See Figure 45, Page 9~) 

(a) Disconnect bus cobles from clevis ends, 
break inlet and outlet oil lines at "B" 
nuts, (4 places) and remove cylindor at­
taching bolts. Drop cylinder down to 
clear mounting channel and remove endwise~ 
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NOTE: The proc0dure for the removel of the pis­
tons and the adjustment of the differen­
tiating cylinder ~hich is given in Para­
graphs 3 and 4 b~lo~, applies to airplanes 
s0rially number6d 123? to 1256 inclusive, 
1301, 1303, 1305, 131? and 1324. 

3. To Remove Pistons: 

(See Figure 4?, Page 103) 

(a) 

(b) 

( C) 

( d) 

Remove differentiating cylinder from airplane 
(See Section 2 (a) Ebove). 

Remove spring cages, "A" (each end). 

Remove Parker Elbow, "C", from inlet (2 places), 
which permits removing spring, "D", thus remov­
ing pressure on check ball and metering pin, "E". 

Remove clevis and nut from right end of rod. "F", 
(making note of exact pin ~enters between clevis 
~es, which should be 14 3/8 .inches {See Para­
,Bre..ph 4, Page 106) e.s this setting determines 
amount of brake dif'ferentia~ing for a given pedal 
travel) • 
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(e} Remove two lock nuts from right end of ~ube, 
"G", making note as to nut location from end 
of tube, (as this setting determines limits 
of piston travel which effect available res­
sure for brakin~. 

(f) With piston of cylinder held so that ball 
check valve cage is on lower side (thus per­
mitting metering pins, "E", to drop clear of 
cylinder bore) each piston, "H", may be re­
moved from its respective cylinder end. If 
it is required to replace ball check valve or 
valve seat, it will be necessary to apply 
heat to nipple in order to unscrew it as this 
thread is sweat in place to make an oil tight 
thread. Re-sweat in replacing. 

4. To Adjust Differentiating Cylinder: 

(See Figure 4?, Page 103) 

( a) 

(b) 

(c) 

( d) 

(e) 

(f) 

With cylinder held . in position as previously 
explained in? (e) end being sure that meter­
ing pins are in place and clear of the cylin­
der bore,assemble left piston into cylinder. 
Next assemble tube into piston. 

From the opposite end slip spacer over end 
of tube, followed by the assembling of right 
piston over tube and into cylinder. 

·with both pistons shouldering against spacer 
and end nut on tube bearing against left pis­
ton, screw lock nuts on to right end of tube 
so as to allow 21/32 inch free endwise move­
ment of tube through pistons. Lock nuts in 
this position. 

Next insert rod through tube assembly, onto 
which has been assembled lock nut and clevis. 

Onto opposite end of rod, assemble lock nut 
and clevis so as to allow l 1/8 inch free 
endwise movement of rod assembly within tube, 
locking in this position. 

Be sure that thread engagement of rod is the 
same in each clevis. 

The pr-ocedure for the removal of pistons 
and adjustment of the differentiating cyl­
inder, which is given in Paragraphs 5 and 6 
below, applies to airplanes serially numbered 
125? to 1261 inclusive, 1286 to 1300 inclus­
ive, 1302, 1304, 1306 to 1316 inclusive, 1318 
to 1323 inclusive, end 1325 to 1335 and sub­
sequent. 
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5. To Remove Pistons: 

(See Figure 4?a, Page 103a) 

(a) Remove differentiating cylinder from 
airplane (See Paragraph 2 (a), Page 105). 

(b) Remove spring cage, "A", and spring, "R", 
from each end of cylinder. 
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(c) Remove right clevis fro11 end of rod, "F", 
and pull rod out left end of tube assembly. 

(d) Remove valve seat assemblies and pull out 
metering pins, "E". 

(e) Remove nuts, "L", from right end or tube, 
"G", and pull tube out from left end, 

(f) Pull pistons out of each end of cylinder. 

6. To Adjust Differentiating Cylinder: 

(See Figure 4?a, Page 103a) 

(a) Whenever the differentieting cylinder is 
disassembled, it is advisable to remove 
and clean ALL parts. 

CAUTION: Use alcohol only for cleaning, 
as other solvents deteriorate the rubber 
washers. It is advisable also to "time"' 
the valve mechanism when reassembling to 
insure proper functioning of the differ­
entiating cylinder; i.e., correct amount 
of brake differentiating for a given pedal 
travel, and correct amount of pressure 
available for braking. The following pro­
cedure includes the operations neceosary 
for assembling and "timing" the differen­
tiating cylinder. 

(b) Clean piston assemblies, "M", of any dust 
particles, lubr·icate with brake fluid, and 
while differentiating cylinder is held in 
vise with valve assembl:· cages at top, in­
sert left piston into left end of cylinder. 
Assemble tube, "G", into position through 
left piston. 
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(c) 

( d) 

Use a special timint spacer similar to 
regular spacer, "N", but 1 3/16 inch in 
length. Slip spacer over right end of 
tube, and assemble right piston assembly, 
''M", over tube and into cylinder. 

Thread on nut at right end of tube to a 
loose working fit against piston, lock 
in place with second nut, "L", provided, 
and mark position of look nut on tube. 

(e) Insert val.ve metering pins, "E", and rub­
ber cup springs, "H", into place. Lubri­
cate rubber cups, "0", with brake fluid 
and work down over s~rings by means of a 
blunt tool. Make sure that cups work 
freely when in place. 

(f) Assemble valve mechanism as follows: Put 
ball down on seat, "B", tap lightly, in­
sert spring, "D", and reducer, "P", and 
screw on lock nut. Install valve mechan­
isms into valve cages. 

-l06b-

(g) Push right piston assembly to extreme left, 
and measure with a depth gauge the distance 
of piston from right end of' cylinder. If 
dimension is 1 1/4 inch, set gauge at 5/8 
plus 3/32 inch lag ellow_ance. If dimension 
is plus or minus 1 1/4 inch, set gauge at 
5/8 plus 3/32 plus or minus this difference. 

(h) Push right piston to right to meet the gauge, 
and while blowing into left valve, raise or 
lower left valve seat, "B", until valve is 
just off the seat. Test by workin~ piston 
and blowing into vclve to determine when 
valve is barely open. When adjustment is 
correct, as shown by gauge, lock valve seat 
in place with lock nut provided. 

(i) Push piston to extreme right and proceed to 
adjust right valve similar to vrocedure 
given in paragraphs (g) and (h) above. 

( j) When ad.justment is complete, lock right 
valve seat in place and scribe a line across 
the top of the valve seat and seat cage. 
Punch mark valve seat and valve cage at ar­
bitrary points on this line. Set caliper to 
this dimension and save for use in reassembly. 
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(k) Loosen right valve lock nut, remove 
valve sent assembly, remove metering 
pin, remove nuts on right end of tube, 
and remove riGht piston. 

(1) Replace 1 3/16 inch timing spacer with 
9 /16 inch spacer, "N i"', assemble right 
piston in cylinder and tighten nuts on 
end of tube to original Josition by 
use of markings. 

{m) Install pin and seat assembly and lock 
in original position by mesns of cali­
pers on centers described in (j), Page 
106b. 

(n) Apply "Ti teseal" compound to P<-:.rk:er i']:.
1

" 

fittings ·and screw into inlet . and outlet 
Ol)enings. 

(o) Assemble lock nut and clevis on one end 
of rod, "F", insert throug/1 tube assembly 
and assemble lock nut and clevis on ot~10r 
end so as to allow 1 3/16 inch free end­
wise movement of rod and .clevis assembly 
within tube. With t:~ead eng2gement of 
rod same in eacl1 clevis, ancl with clevis 
ends ali[,-ned, lock clevises on rod.. 

(p} Install s1)ri!lf;, "R", and caGe, uA", at 
eac~ e~d of cv.linder anQ insert bolt 
th.rouch luG. ~ Draw .Uf .nut and safety. 
C.AUTJ_ON: Do not tig.aten this bolt to 
point of cro1sing piston to seize. 

D. To AdjU$t Brakes: 

1. jack u, wheels. 

2. Check whee.l beerings for proper adjustment. 

-105c-

3a Loosen eccentric loc1: nut and turn eccentric in direc­
tion of whe~l rotatton until w!~eel is lockecl in position. Eack 
off eccentric until ~1heel just rotates freely. Wi tll a close 
fitting wrench, hold eccentric in t:11s posi_tion and ttchten lock 
nut. 

4. Uncover adjustinG screw aole by rotating cover plate 
and with screw driver turn notc!led wl1eel of e.dj'usting sere,;, away 
from axle ·until brck:e -dr~ i's noticed v1hen tnrning Hl.1eel by hand. 
:Sack off notc:;.1ec1 wileel un-t·rf · t ·here is no brake drag. Replace 
cover plate. 

5. Check all connections for signs of oil leakage. 

Revised 1-2-55 
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6. Inasmuch as brakes are hydraulic, any inequalities 
in braking will be due to out-of-round drums, oil soaked o~ 
scored lining. · 

7. Since there is a brake on either side of the wheel. 
each should be adjusted individually and then as a unit in 
order to insure proper distribution of braking. 

~ E. To Bleed Brake System: 

1 1. Disconnect supply line from fluid reservoir at 
master cylinder. 

2. Attach line from a pressure tank to master cylinder 
and fill system slowly under a pressure of from 20 to 100 lbs. 

3. Open bleeder valves on brakes and allow fl~id to es­
cape until it runs free and clear from air. (Approximately 
3/4 gallon of fl 11 id should be allowed to run from each brake.) 

4. Remove plugs in differen.tiating cylinder and bleed 
air out. 

5. Close bleeder valves and disconnect pressure tank. 

6. Reconnect sup~ly line fro~ fluid reservoir. 
NOTE: Any air·in the sy&tem above the master cylinder wili be 
released through the i'luid supply tank vents. 

Revised 10-25-34 
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SECTION XII 

( POWER PLANT 

A. Descript~to~ 

1.. The ai 1· 9 la.!1e is powered vJi. th -~ v-;o Wl"ifht Cyclone Model 
SGR-182O-F-3 engines (geared 16:1~, compression ratio 6.4:1, 
i!'lpeller rati0 8.3~1). The nccssso:ries f'ot' each en~ine include 
four choke carburetor, conplete J'...A .. radio shielding, Eclipse 
electric and dir~ot cranking starters, Type E-16O; with shielded 
booster- coiL Eclipse engine-dri Vvn vaquun pur.:;.p rJ.odel M-2932-lA 
and F-4 Ronec fuel punp. In addition, one fifty anpere radio 
generator is nounted on the left en€ine. 

2. The engine nacelle is so desicned that the whole sec­
tion for~ard of the firewall nay be handled as a quick-detach­
able unit, includinf engine flount, engine, cowling, propeller, 
complete oil syster:1 and all engine accessories. These quick­
detachable complete enrine installations are interchangeable, 
right and left. However, in inter·chan[ .. ing the:-;1 the radio gen­
erator with its conduits and attachin£ plug ~ust be put with 
the unit on the left hand side of the airplane. 

3. The complete enfine section is comprised of the follow­
ing raajor details; na~ely, en~ine, engine oount, oil syste~, 
outer ring cowl, inner cowl, collector ring with praheater and 
valve, starter, and magneto retarding solenoid. The fuel sys­
tem, en~int controls, all el~ctricel wirin( and the propeller 
controls in the en£ine section arc continuations of their res­
pective systems but re::iain intee;ral with the en~in~ section and 
are quickly detachable at the firewall. NOTE: The booster coil 
is connected to the rifht nia~neto on each engine. 

B. Operatink Li~its 

1. Aviation gasoline of 8? octane anti-knock rating is 
specified by the• engine nanufacturer. In cases of emergency 
where only fuels of inferior knock rating (not less than 80) 
are available, the engine is rated at 635 h.p. at 1950 r.p.m. 
at 9,500 feet. Under this ratin£ the engine is not to be oper­
·ated beyond the following linits: 

Takeoff 

Initial 

·············•• c.t c.•9" 
Climb •••••••••.•. •.• 

Normal Climb or 

Manifold Pressure in 
Inches of Mercury 

34.5 (not to exceed 
one ninute) 

31.5 

Level Flight • • • • • • • • . . . • • 30. 
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c. To Remove Engine Section: . 

1. Eaoh engine section oan be removed completely as 
:rollows: 

{a) Remove all hose conneotions from 
front side of firewall group tit­
ting. 

(b) Disconnect all electrical wiring 
by unscrewing look nuts and pull­
ing Cannon plugs. CAUTION: As Ule 
ignition is grounded through the 
plug on the firewall, ranoval or 
the plug leaves the ignition "on". 
Service personnel should exercise 
suitable precautions against pull­
ing the propeller through if the 
engine is warm and the ignition 
plug is out. 

(o) Disoonneot throttle, mixture, pre­
heater and propeller controls by 
removing pins from the respective 
levers at the jaokshaft on the front 
face or firewall. 

(d) Attach hoist sling as outlined in 
Paragraph 5, Page 7. 

(e) Unscrew the four bolts whioh hold the 
me.in structural frame work, tut do 
not take them out. (Approximtely 
4 1/2 turns are required to free them.) 

(t} Remove the lower bolts am make a fin­
al cheok to be sure everything is clear 
and the chain hoist tight. 

( g) Remove the two upper col ts and swing 
the engine section forward about four 
inches to clear the exhaust staok and 
then hoist. 

(h) When installing the engine section, 
care must be exercised in setting up 
the exhaust pipe universal joint in 
order to insure ample room tor expan­
sion or the exhaust pipe and mvement 
of the engine. This requires olearanoe 
tor approximately 1/2 1nab mvement 
either way in the slip joint ot the 
universal. 

Revised 5-17-34 
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D. Anti-Drag Ring 

1. The anti-drag ring is interchangeable for r1ght and 
left engines. The ring is made in three segments, whioh are 
connected by toggle looks and guide pins and bound together 
by two cables. The cable on the inside of the ring passes 
through a eerie s of clips and runs around in front of the cyl­
inder heads. The other cable rests in a groove around the 
outside of the ring at the rear of the oylinder heads. 

2. To install the ring: 

(a) Place the top segment in position. 

(b) Place other two segments in position. 

(o) Close all toggle looks and place sat-
ety pins into place. 

(d) Install the cables and look with 
turnbuckles. 

Revised 5-17-34 
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~ig. 48 - Front Faoe or Firewall Ready tor 
Engine Installation and Complete 
Engine Section Ready to be Attached 

(Photo to be added) 

-110-



-161-

' 

\~r -\ 
, . l 

FIG.49 LEFT HAND ENGINE SECTION, LEFT SIDE FIG.49aLEFT HAND ENGINE _ SECTION, RIGHT SIDE 



FIG.49bRIGHT HAND ENGINE SECTION, LEFT SIDE 
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FIG.49cRIGHT HAND ENGINE SECTION, RIGHT SIDE ~ 
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SECTION XIII 

( PROPELLERS 

A. Description 

1. Hamilton Standard, three bladed- hydro-controllable 
propellers (Diameter 11 feet 6 inches cut down to 11 feet, Blade 
Dwg. No. 6105-18, Hub~ No. 8452) are employed. They are set to 
give their best efficiency in low pitch during takeoff and climb, 
and in high pitch during level flight ·full throttle cruising at 
high altitudes where the airspeed for eny given percent power is 
a maximum. 

2. The propelle~ pitch control lever is mounted on the 
front face of the . control pedestal near the base. When it is 
in the "up'' position the propellers are in the high pitch posi­
tion (32.5 degrees), end when in thE ''downi' position the pro­
pellers are in the low pitch position (25 degr e es). Th e bnse 
setting is 34 degrees. 

3. The control lever operates a drwn, in the control ped­
estal, to which cables are atteched. The cables to ea ch nac el le 
follow the same route along the front spar as the e ngi ne cont r o l 
cables (Figure 53, Page 124, shows the engine control s diag ram­
matically). At the rear face of the fi~ewell within the nac elle 
the cables attach to a small jackshaft which extends t hrough th e 
right side of the firewall where a section of Arens flexibl e con­
trol attaches to the jackshaft lever. The Arens control run s t o 
the left side of the nacelle and forward through an int e r cylind e r 
baffle to the engine gear case where it attaches to t he prop e l ler 
control valve. 

4. The engine oil pressure is used only to mov e t he b lades 
into the low pitch position. ~hen the oil pressure i s rel e8s ed 
the blades are rotated to the high pitch position by c entrifu­
gal action of th8 counterweights c t teched to the blades a t the 
hub. 

5. The propellers can be use8 in two positions only , ful l 
low pitch and full high pitch. Th e y cannot be co ntroll ed indi­
vidually. The control lever handl e should be in either the ex­
treme "down'' position or t h e extret1c: "up'' position. No int er­
mediate positions will 001-respond to any int e rmediate pitch but 
will merely allow the oil to leak into or out of the controlli ng 
cylinder. 

6. ¼henever the propeller is off, th e e nd of the s ha f t 
should be kept closed by means of t he c ap p rovided . 

Rev is e d 10 - 24 - 3~ 



( SECTION XIV 

FUEL SYST:EM 
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A. Descr~.ption 

1. General 

· a. The fuel system consists essentially of two 
main tanks, two a~xillary taLk5, G-2 tank 
selector valve, wst'b:e pu...111-p with an integ­
ral relief valve~ E-2 engin~ s,"3_l_ector valve, 
twJ ·J-2 strainers, two C-·3 'Jy-_pass and 
relief valves, two F-4 Rom~ .1 ergine-driven 
pumps and the necessa!'y 1 in•3s and fittings. 

b. The diagram shown on Page 114 shows the fuel 
cir·C"llating system, includ_j_ng lines, valves, 
cocks, geu[es, pumps, strainers, etc., and 
g:.i.ves information as to the sizes of the lines 
and the relative location of all parts. 

2. Lines-

e. All fuel lines, except those in the engine 
section of less th~n 3/8 inch diameter, which 
are of copper, are made of 4S0 aluminum allot 
tubing. 

b. For information regarding the size of the 
various lines, refer to Figure 50, Page 114. 

3. Flow 

a. The fuel lines from the two main and the left 
auxiliary tanks all concentrate at a G-2 tank 
selector valve. (NOTE: The auxiliary tanks 
are interconnectedbya line having a check 
valve thet allows th6 fuel to flow from the 
right to left tank only; hence, a supply line 
from the left auxiliary tank only is necessary.) 
The main fuel line then runs forward to the bot­
tom of the wabble pump. The flow is then through 
the wabble pump with its integral by-pass valve 
and up to an E-2 engine selector valve, Which is 
attached directly to the webble pump by a close 
nipple~ From this valve the lines run to their 
respective 6ngine nccelles. The line to the 
right engine crosses ovor to the right side of 
the nacelle and then forwerd to the C-2 strainer. 
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The outlet from the strainer is connected ;,o 
the supply line by a tee at 1he C-3 by-pass 
and relief valve outlet m8.J.-ked "engine pump". 
This supply line attaches to the firewall 
fitting and then runs torwa.rd to the suction 
side ot the F-4 Romeo engine-driven pump. A 
tee loca. ted in the pressure outlet of the en­
gine-driven pump connects a s.ipply line, wh1ah 
r'lllls vertically to the ~arburetor and a relief 

1 line tor the excess fuel, whioh runs baok to a 
~ separate fitting on the firewall and att to 
1 the c-2 unit outlet marked "relief". The line 

to the left engine runs forward along the right 
side of the left naoelle to the strainer, and 
:trom there forward the installations are iden­
tical in each naaelle. 

4. Locations ot Valves, Wabble Pump and Strainers: 

a. G-2 Tank Seleotor Valve - att at center spar 
on centerline ot airplane and aooeasible 
through a movable struc'\ure plata on lower 
surface of wing. 

b. Wabble Pump - forward or front spar at left 
or centerline of airplane and aoeessible 
through hinged doors 1n lower surtaoe or cen­
ter w1 ng panel • 

o. E-2 Engine Selector Valve - attached directly 
to wabble pump. 

d. C-2 Strainer - mounted art of firewall in en­
gine nacelle (bo1h left and right) and aooess­
ible through bottom ot naoelle .. 

e. C-3 By-Pass and Relief Valve - mounted with 
0-2 Strainer. 

5. Fuel Valve and Wabble Pump Controls: 

a. The controls for the fuel valves are mounted 
on the oontrol pedestal. The left control is 
for the selection of tanks and the right con­
trol tor the engine selection. These handle a 
oontrol the valves through a system of drums 
and cables, a flexible conneotion being plaoed 
between the final dri v1ng drmn and eaoh valve. 
The wabble pump handle is located to the right 
and behind the pilot's seat and is pivoted to 
swing outward 45 degrees so that 1 t may al II) 

be used by the co-pilot. 
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CONTROL CABLE FROM COCKPIT 

AND E-2 ENGINESELE,,_ 



6. Engine Primer 

a. The engine primer is iocated on the right 
wall of the pilots' compartment just aft 
of the instrument panel. The primer takbs 
its gasoline from the right fuel pressure 
line and delivers it to the right or left 
engine. The primer must be in the "off" 
position when the engines are in operation. 

7 •. Fuel Pressure 

a. The fuel pressure for each engine is taken 
from the by-pass and relief valve through a 
#55 drill size restriction in the fitting. 
A brunch line from the fuel pressure line 
is connected to the fuel pressure warning 
switches, which are located on the right 
wall of the cockpit just below the instru­
ment panel. The switches are connected by 
wires to red warnin[' lights on the instru­
ment panel. WAlli'JING: The fuel pressure, 
as read on the instrument panel, does not 
directly.corres~ond to the fuel pressure 

8. Tanks 

at the carburetor, due to the difference in 
height. The fuel pressure indicator on the 
instrument panel reads 1 3/4 pounds less 
than that at the carburetor when in flight. 
For normal operation, the fuel pressure at 
the carburetor should be between three and 
four :)ounds. 

-117-

a. The tanks are constructed of 3S aluminum. man­
ganese shell with internal baffles of alumin­
um alloy riveted to the shell. Each main tank 
and the left auxiliary tank have electric fuel 
gauges, which may be removed through the at­
taching flanre at the top of the tanks. Each 
tank is provided with a water collecting swnp 
and a Weatherhead cook for frequent draining. 

b. Each filler neck is arranged so that a rubber 
grommet or gesket fits tightly around the neck, 
forming a watertight seal to prevent freezing 
around the cap itself and also, by its attach­
ment to the UJper wing skin, ~revents the over­
flow Gas from running down into the fuel tank 
compartment. 

c. The fuel t&nk compartments are so vented that 
the air flow through them is diagonal from 
bottom to top and from centerline outboard. 



( ~ir enters through holes around the Weather­
head drain cocks in the bottom surface of 
the center win[ pcnel 2nd coes out throu~h 
"clamshells" on to:y of the center v.inc. near 
the filler necks. 

I 
I:') 
LO 
t') 

I 

d. The total fuel cap~city is 510 U.S. [allons, 
divided as follows: 

B. Maintenance 

Left Main Tank ........... 180 fal. 
Ri[ht Main Tank ...••.•••• 180 gal. 
Left Auxiliary Tank ••..•. 75 fal. 
Ri~ht Auxiliary Tank •.••• 75 gal. 

1. To Reraove Main Fuel Ta~k (either left or ri~ht): 

a. Remove to) )late fro.rn around fill er neck 
allowinf rubber gasket to remain with tank. 

b. Disconnect vent at to-") of tank, workinr; 
throufh ins~ection door in wing-to-fuselage 
fillet. 

c. Remove bottom platinr from win[ center sec­
tion under tank. 

d. Disco~nect electrical bonding at rear of 
tank. 

e. Disconnect durap valve operating mechanism. 

f. Remove plate from under G-2 valve. 

g. Remove line which connects G-2 valve with 
tank. 

h. Reach throufh hand hole just forward of 
tank and disconnect electric fuel gauee 
wires at terminal block. 

i. Reach inside front part of tank com,artment 
and unscrew collar on flexible conduit for 
fuel £auge ~ires and ~ull conduit and 
wires out. 

j. Unscrew turnbuckles in tank sUT)ort straps 
and dro·) tank down1werd. 

2. To Remove Left Auxiliary Tank: 

a. Remove top plate around filler neck, allow­
inG rubber casket to remain with tank. 
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b. Release vent at top through inspection door 
in wing-to-fuselage fillet. 

c. Remove wing plating from under tank. 

d. Reach through hand hole at rear of tank 
compartment and disconnect fuel gauge wir­
ing and conduit. 

e. Disconnect balance line which leads from 
right auxiliary tank. 

f. Disconnect fuel line to G-2 valve-

g. Unscrew turnbuckles in tank support strops 
and drop tank downwerd. 

3. To Remove Right Auxiliary ·Tank: 

a. Proceed same as on left ·auxiliary tank, 
except that there is no fuel gauge to 
disconnect and no feed line to G-2 valve 
to disconnect. 

4. To Repair Tanks: 

a. The tanks may be repaired by welding. 

5. To Fill Tanks: 

a. The left fuel tanks may be filled at the 
filler necks located on top 0£ the center 
wing between the na9elle and fuselage, and 
the right tanks at a corresponding position 
on the right side of the fuselage. Because 
of the check valve in the interconnecting 
line between the uuxiliar_y tanks, it is nec­
essary that the left auxiliary tank be filled 
first. 

6. To Remove Electric Fuel Gbuges: 

a. Remove hand hole covsr in wing fillet. 

b. Reech through fillet and hole provided in 
top surface of center section and unscrew 
gauge rheost&t. 

?. Inspection and Miscellaneous Maintenance Items: 

o. Make a daily examination of the entire sys­
tem for leaks. 

b. Clean strainers before each flight. 
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d. 

Drain 
cocks 

Drain 
water 

lines and tanks through Weatherhead 
located in sumps of each tank. 

sumps daily to pass off accumulated 
and sediment. 

e. Air blow the entire system ut time of ecoh 
engine overhaul. 

f. Remove &nd anneal all fuel lines sfter each 
1000 hours of fliGht to counteract the hard­
ening due to vibrction. 

g. Inspect system daily for worn or damaged 
parts, corrosion and abrasions to paint. 

h. CAUTION: Aluminum. alloy threaded parts 
will seize and gall when threaded together 
with pressure. This is particularly true 
when fuel line fittings are assembled with 
pressure for permanent tight makeup. All 
aluminum alloy parts, contacting under 
pressure seize and gell particularly when 
in contact with or moistened by gasoline 
without other lubricant. Do not assemble 
aluminum alloy threaded parts without apply­
ing a reliable anti-seize compound to the 
contacting surfaces. Parker Threadlube, 
Grade #6PB, is an approved anti-seize com­
pound prepared especielly for aircraft in­
stallations and is of greasy, non-fluid, 
smooth spreading consistency. 

-118b-



( 

A. Descri_~t ion 

1. Gen e:-al 

SECTION XV 

OIL SYSTEIJ: 

a~ The schematic diagre·:1, Figure 52, Page 
120, shows the oil circulating system, 
including j_nfornation as to the sizes 
of the lines and relative positions of 
the various parts. 

b. All units of the oil system are inter­
chaLgeable be~ween the right and left 
engire sections. The conilete oil sys­
tem for each engine, with ths exception 
of the oil pressure line, is contained 
in the engine section. 

c. All lines of the oil system in the en­
gine section, except the portion of the 
pressu1·e line forward of the firewall, 
which is copper, are 4S0 aluminum alloy 
and are annealed after forming. 

2. Tanks 

a. The oil tanks are constructed of 38 half 
hard aluminum alloy sheet with internal 
baffl9s riveted to the shells. They are 
mounted in cradles on the upper horizontal 
members of the engine mount and are held 
in place by metal straps equipped with 
turnbuckles for tension adjustment. 
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b. Each tank is vented to its respective 
crankcase through the fitting at th~ 
left of the inlet con·.!ec t ion. 

c. The oil tonks, \~hich ~-rl&y be filled fr-011 
the top of' the nacelles, have o capacity 
of 19 t.s. gollons eech to the filler 
neck, allo~ing t~o [allons for foa~ing 
spbce. (Note: As th5 Department of 
Commerce requires only one 1§:::.:llon of' oil 
for eEch 15 gbllons of ;~saline, the 
tanks may, if desired, oe filled accord­
ingly to gain pEy load edvsntL[e.) 

d. A sounding rod (T.W.A. type) is c0rried 
¼ithin a sleeve in esch tanK to elimin­
Fte foa~ snd give a correct rebding. 
Tha rod is loc~ted ne~r the t~nk filler 
neck. 

3. Flov, 

a. From the tsnks, the oil flows down to the 
oil pump throue;h & drcin valve \,hich may 
be used to drain the entire system 8XCept 
for the engin8 sumps £:nd oil coolers. The 
oil outlet fro.:::1 the en,§,ine runs dovm to 
the ri~ht side of the oil cooler which is 
mounted in a vertici~l position inside the 
entine section. The flo~ is then through 
the uooler bnd out the u~per fitting, on 
the· ss! .1 8 side, YvhicL is corrnected by tLtb­
in~ to the inlet fittln on the riGht front 
of ths oil tenk. In cese the oil beco~es 
conieeled or due to so~e obstruction in tbe 
cooler, the by-pass an~ relief valv e ¼ill 
by-pass the oil throu€h the murf as ~o8n HS 
the pressure builds up to 26 pounds pe1 
squnre inch. The valve has a fixed setting 
and requires no adjust~ent. 

4. Oil Cooler 

e. _Two United Aircraft Products 8 inc~ coolers 
are useJ (one in e~c~ nGcelle, iG3tell ed in 
a verticel position.) 
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( b. Oil temperature control is accomplished by 
shutters on the bottoms of the coolers. 
These shutters are controlled manually by 
levers looe.ted on the control pedestal. 

o. Two drain plugs are provided 1n eaoh cooler 
for draining the entire system. One plug 
is in the lower right fi tt1ng and the other 
in the rear of the cooler near the bottom. 

5. 011 Pressure Line 

a. The oil :pressure is ta.ken directly from 
the engine t~rough a 1/4 inch line whioh 
attaches to both the engine mount and 
the firewall fitting by hose connections. 
From the firewall, the line leads to the 
instrument panel where it is attached to 
the pressure indicator by oil proof rub­
ber tubing. The pressure line is or- .. 4SO 
a1um.1num. manganese ma.gnesiwn w1 th the ex­
cap t1 on or the portion forward of the fire­
wall• wr.1ch is copper. If it beoomes nec­
essary at any time to d1aoonneot the oil 
presstll'et it is necessary that the pr,ess­
ure line be filled at the indicator con­
nection w1 th a 11.gh t engine oil (S .A • .E. 
#10) before reconnecting. ill oil and 
vent lines in the engine section are con­
neoted by hose ooupl1ngs. The oU pres­
sure line f1 tting in the engine is re-
stri c ted to a nwnber 50 drill size hole 
to p rev en t immediate .loss or oil pressure 
in the event or a pressure gauge line 
failure. 

B. Maintenance 

1. To Remove Tanks: 

a. Remove e~gine section cowling. 

b. Disconnect and plug all attaching lines. 

o. Detaoh bonding strip. 

d. Disoonneot tank retaining straps at 
turnbuckles. 

Revised 6-1-34 
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e. Lift te.nk straight up through top ot 
engine seetion. 

2. To Re:pe.1 r Tanks: 

The tanks may be repaired by welding. 

3. Inspection and Misoellaneous l:1a1ntenanoe Itana 

a. Inspeot entire system weekly for leaks 
and oorreot operation or p.imps and re­
lief valves. 

b. Clean oil strainers after every 25 hours• 
service. 

o. To drain oil system: 

( l) Drain oil tank and lines 
through GC>ck attaohed to 
engine at lett side at 
naoelle. 

(2) Drain cooler by removing 
plug from the ·s1de ot 
oooler and line. 

( 3) Drain orank oase through 
plug conneotion provided 
on engine sump, removing 
screen tor 1his operation. 

d. Inspeot system daily tor worn or damaged 
parts, ocr rosion and abrasions to paint. 
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A. Description 

SECTION XVI 

ENGINE CONTROLS 

(The engine controls are shown diagrammatically in 
Figure 53, Page 124.) 

-123-

1. All of the engine control levers are located on the 
control pedestal in the pilots' compartment. The arrangement 
of the levers is shown in Figure 53, Page 124. From the han­
dles, cables of 3/32 x? x? flexible steel run down through 
the pedestal to pulleys beneath the floor. From here, they 
pass over pulleys rearward to the front spar, out along the 
spar to the inboard side of their respective nacelles, and for­
ward through the firewall to a jeckshaft to which they are at­
tached by means of turnbuckles. Forward of the firewall, all 
engine controls are of the Arens type on airplanes se.;rially 
numbered 123? to 1256 inclusive, 1301, 1303, 1305, 131? and 
1324. On airplanes serially numbered 125? to 1261 inclusive, 
1286 to 1300 inclusive, 1302, 1304, 1306 to 1316 inclusive, 
1318 to 1323 inclusive, 1325 to 1335 inclusive, and subsequent, 
all engine controls forward of th8 firewall are of the Arens 
type, with the exception of the throttle control. In these 
airplanes, the throttle control consists of two push-pull rods 
and a bell crank. A ballbearing push-pull rod connects the 
bell crank to the throttle. 

2. When changing any control ceble, it is advisable for 
purposes of reinstallation, to solder a thread line to the end 
of the cable being removed. Adjustments of the cables may be 
made et the turnbuckles re&rvrnrd 01' the firewall. Further ad-
justments of the system may be mode on the Arens control ends 
and push-pull rod ends. 

B. M-aintenance 

1. The jeckshaft bearings and push-pull rod ends should 
be kept well lubricated. Use a thin lubricant frequently on 
the Arens controls. 

2. Worn or damaged cables or bearings should be replaced. 

Revised 11-28-34 
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SECTION ~"VII 

ELECTRICAL INSTALLATION 
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The electrical system is shown diagrammatically in Figure 
54, Page 126. 

A. Electrical Panel and Fuses 

1. The electrical panel is located above the windshield 
in the pilots' compartment and is in two units which are separ­
ated by the ignition switch panel. 

2. Located on the left panel ere the following: 

(a) Three rheostats; one for the airspeed 
indicator light, one for the compass 
light and one for the instrument light. 

(b) Thermostat switch. 

(c) Pitot head heater switch. 

(d) Cabin-seat-belt sign switch. 

(e) Cabin lights master switch. 

(f) Warning lights switch. 

(g) Running lights switch. 

(h) Electrical panel lights switch. 

(i) Airspeed indicator light switch. 

(j) Compass light s~itch. 

(k) Instrument lights switch. 

(1) Instrument control light switch. 

3. tocated on the right panel are the following: 

(a) Generator field control switch. 

(b) Main line switch. 

(c) Starter button. 

(d) Starter selective switch. 

(e) Volt-a!!lilleter. 



(f) The fuse panel contains the following fuses: 

· (l) Landing gear oil pQmp solenoid -
10 amperes. 

(2) Landing gear signal light -
5 amperes. 

(3) Heat control motor - 5 amperes. 

( 4) ]'uel pressure .-.arning - 5 amperes. 

(5) Instrument lifhts - 5 amperes. 

(6) Electrical panel lights -
5 amperes. 

(?) Instrument control - 5 amperes. 

(8) Landing light solenoid, R.H. -
10 amperes. 

(9) Landing gear signal horn -
10 amperes. 

(10) Red warning li[ht in wing -
10 amperes. 

(11) Running lights - 10 amperes. 

(12) Cabin reading lights - 10 amperes. 

(13) DoCTe lights - 10 amperes. 

(14) Pitot head heater - 10 amperes. 

(15) Landing light solenoid, L.H. -
10 amperes. 

B. Ignition System 

-127-

1. The ignition system consists of a swttch unit which 
incorporates a master switch and two ignition switches. one 
for each engine. A conductor runs from each magneto on eech 
engine to this ignition switch unit. The st~ucture is used 
as the return. 

2. A warning sign located on the front of each fireshield 
is marked "DANGER-WITH IGNITION PLUG OUT, IGNITION IS ON''. As 
the ignition is grounded through the plug on the firewall, re­
moval of the plug leaves the ignition "on". Service personnel 
should exercise suitable precuutions ogoTnst pulling the pro­
peller through if the engine is werm end the ignition plug is 
out. 
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C. Sterting System 

1. The starting system consist& of a push button and single 
pole double-throw selective safety switch. located on the right 
hand electrical panel, with a solenoid starting switch, a spark 
retarding solenoid and a booster coil in each nacelle. 

D. Generator System 

1. The generator system contains an engine-driven generator 
mounted on the left engine and a generator control box mounted in 
the left side of the left nacelle behind the firewall. A flexible 
conduit carries the leads to a Cannon plug mounted on the firewall. 
From this point the leads go to the generator control box. The 
negative lead is grounded in the plug junction box. The positive 
lead is carried in a conduit to the main line switch and volt­
ammeter on the electricaJ. panel; thence through the master switch 
to the battery. 

E. Landing Lights 

1. Conductors run from the fuses, located on the right 
electrical panel, to the switches on the left eleotrical panel, 
thence to the junction boxes inside of the outboard sides of each 
nacelle. Connections are made at these points and wires lead 
through the wing to the lights. 

2. When the airplane leaves the factory the left wing light 
is adjusted to project a beam of light on the ground 500 feet in 
front of the nose of the airplane on the center line of the pilot's 
seat, when the airplene is in the normal flying position. The 
right wing light is adjusted to project n benm of light on the 
ground 300 feet in front of the nose of the airplane on the cen­
terline of the left wheel when th6 ~irplene is in the normnl lund­
ing position. 

3. After the lights are once installed no further adjustment 
is provided. 

4. Each landing light can be illuminated independently by 
means of individual switches in the pilots' compartment. 

5. To replace a bulb, open the small door in the top of eaoh 
wing panel above the lights, and insert bulb in light. 

F. Running and Warning Lights 

1. The running light switch on the left electrical panel con­
trols the four wing tip running lights and the left on the tail 
cone. The red warning light in the leading edge of the left wing 
is controlled by a switch on the left electrical panel. 

G. Interior Lights 

1. The interior lights are placed in such a manner that 
adequate illumination for compartments, instruments, etc., is 
provided. 

2. The fuselage tail compartment light and switch are 
located on the ceiling. 



( 

( 

-129-

3. The rear bagfage oompar-tment has a dom~ light controlled 
by three-way switchss placed at the dome light and side door. 

4. The lavatory compartment dome light is controlled by a 
switch near the lavatory door. ~ ryush button beside the switch 
operates the co-pilot signal light on the electrical instrument 
panel. 

5. The buffet light and switch are located in the upper 
ri~ht side of the buffet. 

6. The resr cabin dome light is operated by an automatic 
switch which functions whenever the entrance door is opened. 

The three forward cabin dome lights are controlled by 
a switch placed near the entrance door. 

?. The fourteen individual reading lights are located in 
ducts along the sid6s of the cabin. The control switches and 
co-pilot's and stewbrd's signal switches are located along side 
of each light. 

(a) To change a reading light bulb it is 
necessary to remove the mask plate 
from the air duct. This may be done 
by removing two screws. 

8. The cabin-seat-belt sign is located on the forward bulk­
head and is controlled from the pilot's electrical panel. 

9. The passageway and cargo compartment light and switch 
are located on the ceiling of the passage¼ay. 

10. The instrument lights &re controlled by a switch and 
rheostat on the electrical panel. A push button on the control 
pedestal is wired in parallel to facilitate momentary illumin­
ation. 

11. The compass and~airspeed indicator lights are controlled 
by individual switches and rheostats located on the electrical 
panel. 

12. A call button and buzzer for the steward are located on 
the aft end of the left hand air duot. Both the button and the 
buzzer are connected in series with the co-pilot's signal light 
and call button and all passenger call buttons. It is suggested 
that a code be arranged to allow the ste~ard and co-pilot to call 
each other without confusion. (Note: The cabin light master 
switch must be kept in the "ON°' -position so the signal. system 
-111 remain operative.) 

H. Radio Supply 
1. Positive and negative leads are carried from the master 

switch junctio~ box, under the forward end of the cabin floor, to 
the. radio distribution panel box located in the cargo compartment. 

I. Landing Gear Warnings 

1. There are three landing gear warning signals provided; 
namely, a Klaxon horn. located above the co-pilot's seat, a red 
light located in the warning light box located on the main instru­
ment panel, and a green light, looeted just below the red light. 
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2. The retrecting pump valve hE'.ndle in the pilot's cor.kpiT 
has a two-circuit switch which, when tte valve is in the neutrql 
pcsition. operates a green light. There are similar two-circuit 
switches on the upper truss of the landing gear wh~ch are in 
series with the valve SVlii tch and must be closed, by the v,heels be­
ing in the safe landing position, before the green light wlll go 
"on". When the valve is not in the neutral position, a red light 
will be aon" in the panel to the right of the electrical panels. 

3. The horn is operated by the other circuits of the three 
switches (mentioned in Paragraph 2) in parallel; one on each 
landing -gear truss and one on the control valve. The horn sounds 
whenever the throttle is closed if one or both sides of the land­
ing g6ar e~e retracted, unlatched, or the valve is not in the neu­
tr&l position. Refer to Page 13le for adjustment of landing g6er 
warning switches. 

4. A careful study of Figure 54a, Page 13Oa. is rec0mmended. 

J. Pitot Static Tube Heater Warning Light 

1.. The pi tot static tube heater warning light is amber 
colol:'ed and is located in the upper right hand corner of the 
warning light box located on the main instrument panel. 

K. Exterior Doors Closing Warnine Light 

1. In the lower right hand corner of the warning light box, 
located on the main instrument panel1 is the door warning light. 
This light remains illuminated until all exterior doors are 
properly closed. 

L. Elect·rical Instruments 

1. The oil temperature indicators, ice warning indicator, 
and fuel pressure g~uges are electrically operated, controlled 
by respective switches on the electrical panel. The engine tem­
perature indicators are operated by a thermocouple unit. Two 
pressure operated switohes in the fuel pressure line are located 
on the right wall of the pilots' conpartment just below the in­
strument panel. When the pressure in the lines decreases, these 
switches operate warning lights located above the fuel pressure 
gauges on the instrument panel. 

M. Battery 

1. The storage battery is locet~d in the bottom of the 
fuselage forward of the wing. Access to it is gained through a 
trap door in the bottom surface of the fuselage. The battery is 
mounted on a platform which can b8 lower0d until the bott6ry is 
clear of the fuselage. A catch on the rear support tube of the 
platform locks it down so the battery may be removed. Special 
battery terminals plug into receptacles in the fuselage so that 
lowering the battery disconnects it. 
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2. A battery master switch control is located on the wall 
behind the co-pilot. The upper position is used for connecting 
the electrical system to a battery cart and consequently is the 
"off" position for the airplane's battery. The lower position 
connects the system to the airplane's battery. 

3. The cart plug connections are located on the bottom of 
the fuselage just aft of the storage battery trap door. The 
front plug is negative and the rear plug is positive. The bat­
tery master switch should always be "off" befoxe removing or 
replacing the battery. 

4. A container is installed in the baggage compartment for 
installation of a spare battery, Exide, Model 5XT-13. 

N. Junction Boxes 

1. A main junction box is located on the left wall of the 
passageway just forward of the cabin door. Other junction boxes 
are installed where disconnections tor disassembly are necessary. 

o. Cannon Plugs 

Cannon plugs are mounted at the following places: 

1. On firewall of each nacelle to facili­
tate removal of engine equipment wiring. 

2. In center wing junction box for discon­
nection of wing and nacelle wiring. 

P. Quantities and Types of Light Bulbs 

The follo~ing are quantities and types of light bulbs 
used: 

Location 

Running 
Wing Tip ......................... 
Tai 1 •••....•....••...•...•. _ .•... 

Instrument Panel 
Compass .......•.................. 

Pilot Call ..•................•... 
Fuel Pressure Warning .........••. 
Landing Gear Warning ...•.•...•.•• 
Door Closing ~arnins •P••·····•··· 
Pitot Static Tube Heater Warning • 

Switch Panel 
Pilot's Compartment Lights •..•.•. 
Cabin Reading Lights •••••••..•••• 
Dome Light •••••••••..•••••...•••. 

Buffet Lights ••••••••••••••••.••••• 

Quantity Mazda No. 

4 90 
l 93 

1 (Switchboard 
Type) 

1 67 
2 68 
4 68 
1 68 
1 68 

6 67 
14 89 

? 93 
1 89 
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Location Quantity Mazda No. 

Landing Lights •••••••••.•••••••..••. 2 Purchased from 
Pyle-National 
Light Co. Under 
.American Air­
lines Speoifica­
tions. 

Warning Light •••••••••••••••••...••• 
Cabin-Seat-Belt Signal Light •••••••• 
Cabin Dome Light (Rear) •••••••••.••• 

Q. Maintenance 

1 
4 
1 

1143 
67 
6? 

1 • .Battery: Both male and female terminals of the battery 
must be kept clean and be tight fitting to insure positive con­
tact, and self-aligning receptacle should be frequently cleaned 
and greased to insure ease of operation to prevent bending of 
terminals in the event of sticking. 

2. To Change the Battery: 

(a) Pull out look wires which hold battery 
door closed. 

(b) Pull release handle looKing pin out. 

(c) Pull releas~ handle and battery plat­
form straight down until catch on rear 
slide tube engages. Note: It is im­
portent that safety CBtch b~ engaged 
before removing bettery es platform is 
spring loaded. 

(d) Loosen battery olmnps end lift battery 
off pl£.tform. 

(e) Place new battery on pletform ~nd tighten 
clamps. 

{f) Hold bottery platform down end rele~se 
safety cntoh, then push plctform up c.nd 
insert locking pin. 

3. To Adjust Landing Gear Warning Switches 

(a) ~arning switches must be set individually 
for each airplane as follows: 

(1) With latch in locked position, 
set switch actueting cam on 
latch piston so that distance 
from top of latch packin& nut 
to underside of earn is 3/4 of 
an inch. 

(2) From this setting adjust cam 
locknuts so as to give signal 
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simultaneously on 8ech side of 
landing gear. To do this it 
,.ill be necessary to hoist air­
plane and o~erate retracting 
gear slowly. 

(3) The retracting gear truss sig-
nal switch should be set to 
operate the red and green warning 
lights at the dimensioned positions 
of the lockin~ key as indicated in 
the sketch below. 
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n 
rLLj- .,...--LOCKING KEY (Latch Piston) 
I . 

/ " -- < - -- · - - 1/16" additional upvvard movement, red light to go on. 
\ . ~.----· 5/32" upward movement, green light to go out. 
-v - Locking key in full down position, green light to go on. 

l,u,1 __,. 
, I. j 

4. Maihtenance of Landing Gear Latch Switch 

(a) The lanQing gear latch switch, which operates the 
lending gear warnin~ signal, is located on the 
rear wall of the necelle. Operation of this latch 
is explained in Paragraph g, Page 8?. The spring 
1nd contact points in this unit should be inspected 
for tension and cleanliness at least every thirty 
hours. For access to the switch, remove the cover 
from the switch box. 

Revised 12-8-34 
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