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SECTION I
INTRODUCT ION

In the design and oonstruction of the Douglas
Transport, the menufacturer has developed and incor-
porated a number of unique theories and devices new
to the aeronautical industry. With these innovations
in mind, he has endeavored to compile a handbook which
will adequately describe and illustrate the construc-
tion, operation and maintenance of these devices and
the airplene in general. :

This handbook is divided into convenient sections
such as fuselage, wing, landing gear, brekes, power
plant, heating, etc., each of which contains desorip-
tive data as to construction, operation, maintenance
and other information essential to obtain the best re-
sults in operation and meintenance of the subject which
it treats.

While the reduced scale drawings inocluded in this
handbook are sufficiently ocomplete for purposes of rou-
tine inspeotion, installation of equipment end field
overhaul, they should, in the case of any ma jor over-
haul of the airplane be supplemented by complete detail
drawings. A thorough study of the drawings should pre-
cede any work on the airplane.
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SECTION II
DIMENSIONS AND WEIGHTS

A. Characteristiocs
1. General Dimemsions
Overall SPAN ..ccscecccscssassssccesccocses 85 L4,
Overall Length ccceccccsecccccccscnoccsse 81 £t. 11 3/4 in.
Overall Height, Flying Position ..escc..s 21 £t. 1 1/8 in.
Overall Height, at Rest .ccceccvccveceecs 16 £t. 3 5/8 in.

Height Propeller Hub above Ground,
Flying POBLEION caocsssssscensancsssssn 6 £t. 10 3/4 in.

Height Propeller Hub above Ground,
a.t Reﬂt 900 8 00080 0000000000000 S 104 inchea

Clearance of Propeller Tips to Ground,
Flyj.ng Pod.tion e 0 00 00 00 O 00000 PE P~ 00 00 16 3/4 1n.

Clearance of Propeller Tips to
Fusolwe 0.0..0.00..OC...!...-.c.......11mohes

2. Wings
Center Panel
Airfoll Seotion cseecevcccesscecce NeAsC.As 2215
ChOrd esccecvcvccscscsonssescscsccssseace 170 in,
Area (Projeoted ATOR) cecccevcceccesees 255 8q. Tt.
Outer Panel

N.A.C.A. 2215 at Root
Alrfoll Seotion cscsssncssscs O N.A.C.A. 2209 at Tip

Dihedral (Measured at top surface) .... 5 degrees
IN0idAONO0O evcvcecssccssncnccssscscsscee & degrees
ATOB ...cocevesvscncncsessscscccncnsecce 684 8q. ft,
Total Wing Area (Including Ailerons) .... 939 sq. rt.
Area of Wing Flaps Included in Above .. 118 sq. ft.

Revised, Op8-xt
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3.

Ailerons
Area aft Hinge Centerline (each) ......
Area of Balance (each) ....ceveeeeeen. :
Total A6l (080D) iicovssunnesvnnvsonss
Area of Alleron Flap (Right Aileron

Only) Included in above on:
Airplanes 1237 to 1256 incl.

1301, 1303, 1305, 1323, 1324. 1.25 sq. ft.

Airplanes 1257 to 1261 incl.,
1286 to 1300 inecl., 1302,
1304, 1306 to 1322 incl.,

34.85 sq. ft,
8.56 8q. T%.
43.41 sq. ft.

1325 to 1335 incl., and subsequent

Vertical Stabilizer

APOR ccconvessanoimen PR ST R P
Rudder

Area aft Hinge Centerline:........... bk

AyYel O BEIANCE sivvessnian PRI AP N LD SRR

SORBE BPUB (o onipiin s P DR g PR Y 2

Area of Rudder Flap (Included in Above).

Horizontal Steblilzer

e B IR (R e R APl B .

APBE v csnnninsns P P .
Elevators

Area aft Hinge Centerline eccceceescss

Area of Balance [B8ch) ..ivcecosvarsnsse
TOtal BPen TBBOHT .o crsamsoniinsnnnts
Area of Elevator Flaps (each) ...occco.e

Landing Gear

Axle Centerline aft of Leading Edge
OfVJing‘.-..... nnnnnnnn ® e 0 e 000 00 e 0o 000

o 45 0 o= 1 T ORI A R S R B S GRS e L e S e

1.85 sq. f¢t.

22.55 sq. ft.

36,27 B8g. 1%;
6.23 8q. £t.
42.5 8. £ta

2.98 8g. %

25 ft. 8 in.
92.2 8q. Tt.

26.69 sq.ft.
2.61 sq.ft.
29.3 sq.ft.
9+3  SQ.ib.

18 ft.
25 1/2 inches

42 x 15:00-16
(10 ply)

Revised 11-24-34
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B. lieights (Normel loading)
Welght BHBEE . .ovcsverarasbaaspsnensnsne 200 lTO LHE,
Crew {2 a5 170 1bs. €80R) ..spevsesonine 340 1lbs.
Steward cceccscccsvscccccccsssoscsssnses 170 1bs,
Fuel (05 BRIEONE) o voiissnsssriseebmes 1,757 lbs.
OLL LS8 @RIRORE T .. « sShdins o 0d's s s v e miibiss 180 1bs.
Passengers (14 at 170 lbs. each) ....... 2,380 lbs.
Cargo 8nd DRBRBEL ..idvsssosscsapesssnins 1,200 lbs,
Pull Gross Welght ..ccavisvuesssscsssness 28,800 TS
Wik LOBBANE o .voovonnnenrnnsunnes 9.2 I00.F 80 Th
PONar LORAIBE o ooooviisibasvansssns R TN .

NOTE: A Department of Commerce approved loading sched-
ule is shown on page 5 so as to enable the ground per-
sonnel to familiarize themselves with the proper dis-

tribution of weights when loading the DC2-120.



-449~

UNITLD STATLS DUF ARTLENT COF CCMbiiRCE

ABRONAUTICS BRANCH
LOADING SCHEDULL

DOUGLAS DC-2 SLRIAL 1307 NC-14274

Weight Empty 12173 Lbs. Gross_.Jeight 18200 Lbs.

DISTRIBUTICN OF CakCo TO LisAR COMPARTMENT

(Remainder of load to be tlaced in Front Compartiuent ;
Cargo Load 100200300 |400{500]600]700[3800 [900 {1000 {1109 {1200 |1500 1400 ]1500 {1600 (1700 {1300 [1900 |20
O |Max. | 100|200 [300 [400|500 |600|670|710{740| 780 | 310 | 850 | 890 | 920 | 960 | 990 [1000 |1000 {1000 |10Cq
Min. 90 (120150 (180210 |250|280|310|340| 380| 410 | 440 | 470 | 500 | 540| 600 | 700 | S00| 900 [100Q
or 2 |liax. |160 [200 |300 [400 470 |500 |540|550]610| 650| 680 | 720| 750 | 790| 820 | 360| 900 | 930| 9701
iin, [160]170)210 ]240|270 |300 |530]370 400 | 430 | 460 | 500 | 530| 560 | 590 | 620] 700 | 300 | 900110C
or 4 |[Max. | 200|200 290 |330 360 |400|430|470|500| 540 | 530 | 610 | 650| 690 | 720 | 760 | 800 | 830
Min. | 200|200 [230 [260|290 [320 |350[{390|420| 450 | 430 | 520 | L50| 580 | 610| 650 | 700 | 800
or 6 |Max. |180|190 |230 [260 [300 |330 |370|400({440| 470 | 510 | 550 | 5380 | 620 | 650 | 690 | 720
Min. |180 (180|210 (250|280 |31C |340|380 |410| 440 | 470 | 10| 540 | 570 | 600 | 640} 700
or 8 |hax. [110 (160|190 [230|270 |300 [34C|370 (410 | 440 | 430 | 510 | 550 | 580 | 620 | 650 | 690 ‘
Min. |[110{140 |170 (200|230 |260 |300 330 |360 | 390 | 430 | 460 | 490 | 520 | 560 | 600 | 690
or 10 |Max. |100|160 [190 [230 [260 [300 |330 (370|400 | 440 | 470| 510 | 550 | 530 | 620 | 65C| 700
lin. 30| 60] 90(120]150(190|220|250]280| 310| 350| 380| 410| 440| 500| 00| 7GO
or 12|kax. | 100{190 (230 (260[300(330(370|400|440| 470| 510| 550| 580| 620| 650| 690| 720
MNin. 0 0 0] 10| 40| 70|100(140|170| 200| 230 | 260| 300| 400 500| €600| 700
or l4|liax. | 100|200 |290 330|360 (400(430(470|500| 540 570 | 610| 650| 680 720| 750| 790 | 320
Min. 0 0 0 0 0 0 0 0 20 50| 100| 200| 300| 400| 500| 600| 700 | 800
Note: For total cargo loads of less than 200 Lbs. Ballast rear compartment to minimum
load ?Sguired unless passcngers are sected from the rear.
Jpproveq;{/if/w ,/;ékﬁ?jwﬁlf;kl%: Approved: i \. ;h/;#, »

igineering Inspector

~U. S. Dept. of Commerce

Tt

Airline Inspector
U.S. Dept. of Commerce
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SECTION III
GENERAL INSTRUCTIONS

A. Towing

l. Attacnment for towihg may be made on the landing gear
axles and on the tail wheel axle.

B. Leveling

1. Pins upon whioh to place a spirit level are located
under the ocenter wing section, near and approximately in line
with the front landing gear strut attachments and on the right
side of the fuselage betwecen the third and fourth cabin windows.

C. Hoisting

1. Complete Airplane

(a) The airplane is provided with attachments for
three point suspension. Two fittings are lo-
cated on the wing front spar within each na-
celle., Access to these fittings is gained by
removing the two cover plates from the top of
each nacelle. The third point of attechment
consists of a cable permanently secured with-
in the fuselage structure just forward of the
vertiocal stabilizer. Access to this cable is
gained by removing a cover plate at this point.
Figures la and 1b, Pages 10a and 10b, give
information on the hoisting slings and fit-
tings necessary for handling.

2. TIripods

(a) Wing stands or tripods are to be used for sup-
porting the airplane while work is being done
on the landing gear. Fittings for the attach-
ment of the tripods are located on the ocenter
wing panel just outboard of each nacells.

(b) To attach the tripods Jjack up the airplane.
Two Jack pads are provided on each landing
gear unit. Remove the cover plates from the
inner rear attachment fittings. Place the
tripods in position and attach with 3/8 x 24
standard aireraft bolts., These bolts are
carried, along with a soocket wrenoh, in a lea-
ther bag attached to one of the tripods. The
2 1/8 inch long bolts are for the front fit-
tings, and 1 inch long bolts for the inner rear
fittings and the 1 1/4 inch long bolts for the
outer rear fittings.

Revised 5-7-34
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3. Wings

(a) Remove sorews from the upper surface of the
outer wing penel and attach the four hoist-
ing fittings end the fouwr strand sling.
Figure 1, Page 10, shows the points of at-
tachment.

4. Fuselage

(a) In hoisting the fuselage alone or the fuse-
lage and center wing panel as a unit, the
sling shown in Figure la, Page 10a, should
be secured to the front spar wing-to-fuse-
lage attachment fittings. Access to these
fittings is gained (when the wing is in
place) by removing the wing-to-fuselage fil-
lets. The cable, located forward of the
verticel stabilizer, forms the third point
of support for this operation as well as
thet of hoisting the complete airplans.
Note: When using this sling to hoist the
Tuselage and center wing panel as a unit,
each engine section and the outer wing pan-
els must be removed and all fuel drained
from the tanks.

5. Power Plant

(a) The engine seetion 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. Aecess to the lugs may
be gained through the two holes in the anti-

drag ring.
D. Lashing Down

l. The airplane may be lashed down at three points; namely,
each wing tip and the Jjury tail skid. Tie down cables are stowed
in a leather bag on the rear wall of the baggage ocompartment. The
cables may be attached to eyebolts on the lower surface of each
outer wing panel and to a bolt in the jury tail skid.

E. Engine Covers

l. A cover for =zach engine is stowed in the rear fairing of
each nacelle. These are accessible by removing the inboard eirocu-
lar cover plate marked "engine cover".

F. Starting of Engines

l. Suggested procedure for starting is as follows:
(a) Set tank selsesctor valve to tank required.
(b) Set engine fuel selector valve to "both-on".
(The primer takes off the right fuel pres-
sure gauge line.)

Revised 6-21-34
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(e) Work the wabble pump until pressure shows -
on both gauges.

(d) Give about two rull strokes of the throttle
of encine desired. (If engines are not oold,
two full strokes will be unnecessery.) Note:
Do not start the engines when earburetor heat
control is in the "hot"™ position.

(e) Set main switeh to airplane's batter; or %o
battery cart. (This switeh is located on the
mall compartment wall aft of the co-pilot.)

(f£) Push main ignition switch "on".
(g) Set engine switeh for engine desired.

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

(i) Push starter button.

NOTE: The spark is retarded autometicelly by a special solenoid
working in unison with the starting solenoid when the starter
button is pushed. The booster ignition also goes on automat ical-~
ly when the starter button is pushed.

2. For starting either engine with the handerank it is nec-
essary to push the starter button in order to get booster ignition
and spark retard. (The heanderank 1s stowed in the rear baggage
compartment.)

G. Identification of lLines

1. All lines are painted with a 1 inch wide colored hand
near each joint and connection, and at such intermediate points
as necessary. The following colors are used for identification:

(a) Gasoline lines and connections ¢.iceaseee--s. RED
(b) 01l lines and connections .....ecoeneee... YELLOW
(¢) De=icer air 1ines eeceiceoevoces PR
Vacuum air 1ines ..cec.evcscecevscecscescase BLUE
Retracting lines c..ccecvcvvaccccacenneeess JLACK
Supercharger Pressure ..ccccsecessecossses ORANGE
Pire oxtingulshor sssvscsccosvnccsesrsssness BROWH
Bl‘&ke lines @ & & 9 9 0 ¢ P ¥ et T B AO LSO PO s E PO O e PURPLE
Airspeed static tubes .eo.ccc.0¢.0.. WHITE & BLUE

Airspeed pressure tubes ........... WHITE & GREEN

H. Walkways

1. The center wing section between the nacelles and the
fuselage is reinforeced for walkway purposes. If, at any time, it
is necessary to walk on the outer wing panels or on top of the fuse-
lage, padded boards should firct be laid down.

b= I3 HH O R

S T I P S — G, G,
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I. Door Keys

l. One key will unlatch all dcors with the exception of
the lavatory door.

J« ST3ipe Pressurec

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

l. The cargo and baggage ccmpertments are equipped with
permenently anchored brackets for the attachment of tie down
straps. The tie down straps are easily adjustable in length
in order to accommodate verying quantities of cargo and bag-

gage.

L.  'Burface Control Locking Strsp

(Refer to Paragreph 1 (a), Pzcze 38.)

l. To lock the surface controls, move the pilot's control
column to its full forward position. Hock the locking strap on
the spoke of the wheel and wrap one turn around the column snd
wheel spoke; then buckle to the pedal strap. The pedal lock
strep is applied by placing the provided chunnel across the pi-
lot's foot rests with the strap loop around the pedals. Wrap
the strap around eech foct rest and ouckle to the control col-
umn strap.
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PAGE 10

SYMM ABOUT % OF SHIP

EXCEPT AS NOTED

NOSE HOOD

BATTERY BOX
L.H. SIDE ONLY

v—2 /T ) HOISTING PONTS &
B " / | INSPECTION DOORS
BELOW ARE GIVEN POINTS AND ' 01
METHOD OF HOISTING-
A = COMPLETE AIRPLANE il
B ~ FUSELAGE ONLY-SEE PAGE 7 PAR.4f) N
C = OUTER WING ONLY | S i R
D = ENGINE SECTION COMPLETE EXCEPT : LOUPLING UNIT
PROPELLER & OIL N ELEVATOR FLAF
\\ . CONTROL ROD
\\~
| A

TAIL LIGHT JUNCTION BOX
L.H. SIDE ONLY

RUDDER MAST
R.H. SIDE_ ONLY

RUDDER & ELEVATOR CONTROL
R.H. SIDE_ONLY

FUEL VENT
AUXILIARY TANK
AUXILIARY TANK GAUGE
L H. SIDE ONLY

\ \/’\A\
ANDING GEAR SHOCK CORD v /

FUEL VENT MAIN TANK & MAIN TANK GAUGE

PEVISED D-8- 32
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PAGE 11

SYMM. ABOUT ¢ OF AIRPLANE
EXCEPT AS NOTED

INSPECTION DOORS,
COVER PLATES &
TRIPOD RESTS

PG, &

ELEVATOR FLAP _CONTRO!. ROD
LAVATORY FLOOR ATTACHING SCREWS

WING FLAP MECHANISM

JUNCTION BOX MAIN FUEL GAUGE
MAIN FUEL TANK PETCOCK

TOILET TRAP R.H. SIDE ONLY

AILERON MASTER HORN

ENGINE CONTROL CABLES
AILERON CONTROL BELL CRANK

PETCOCK AUXILIARY FUEL TANK

AUXILIARY FUEL TANK

AILERON CONTROL CABLES

—— DUMP_ VALVES & MAIN FUEL TANK CONN.

AILERON CONTROL R’.)DSE\‘L

__\ _____ f;_ji
O
0o -
\\\\\
\\ I

TIE DOWN CABLE e |
JUNCTION BOX WING TIP LIGHT
AILERON CONTROL CABLES
TRIPOD RESTS —

LANDING GEAR HINGE BOLT

FUEL & INSTRUMENT LINES

AILERON FLAP CONTROL RODS
- AILERON FLAP CCNTROL DRUM
AILERON CONTROL BELL CRANK

AILERON CONTROL CABLES
HYDRAULIC BRAKE LINES

MAIN FUEL_ TANK

ENGINE CONTROL PULLEYS & TURNBUCKLES

FUSELAGE ATTACHING BOLTS

SURFACE CONTROL CABLES

WABBLE PUMP FUEL VALVE

BATTERY. — e

ELECTRICAL CONDUITS

FUEL LINES
——= VENTILATOR CONDUIT

& SE BD.s0 - B
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SECTION IV
FUSELAGE

A. Description

1. The fuselage is of semi-monocoque construction consisting
essentially of transverse frames made of formed 24ST Alclad sheet,
and longitudinal members of 24ST extruded bulb angle. Some special
longitudinal members are made of 24ST Alclad sneet formed as chan-
nels. The fuselage covering is 24ST Alclad sheet.

2. In oase of replacing structural members, such as transverse
fremes or longitudinels, it is importent to follow the material speeo-
jfications as noted on the detail frame drewings &nd the frame assem-
bly drawing, #530545, which provides an index to the detail freme
drawings. In replacing fuselage covering, follow the material speoc-
ifications given on fuselage covering drawing #536766. NOTE: The
Deper tment of Commerce has approved the replacement of 24SRT with
24ST with the exception of all the spar webs and the center wing
section corrugation.

3. For care and protective finishing of structurel members and
metal covering, refer to Seotion XXIV, Page 157.

B. Cabin Finigh

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

l. The interior of the cabin from the bottom of the windows
upward is lined with Grade A eirplane cloth, stretched and doped.
The forward wall is in one piece, attaoched by a durel strip whieh
is secured by Parker Kalon screws. At the ceiling, it is sewed to
the ceilinzg plece and both are held in place by a eloth strip. The
side walls from the ceiling, down to the cold air duect, are of one
piece held in place by a cloth strip at each end of the cabin. At
each frame there 1s a dural stirip whieh 1is adjusted into the curve
of the ceiling by means of an ad justable fastener at each end.
These fasteners are under the cold air diets, which must be removed
to detaeh or adjust the strips. Paragraph C, Page 144, outlines
the procedure for removing the cold air duct. Around the doors
the cloth 1is attached to a dural strip whiceh is riveted to the for-
ward door jamb and is attvached with Parker Kalon screws to the other
door Jjambs.

2. The spaces between the windows are covered by cloth panels.
These panels are intecrchangeable and may be removed readily without
disturbing any other oloth portion. Along the lower edge and around
the windows thepanels attach to dural strips which are held in place
by Parker Kalon serews and along the upper edge they are held by
wires in the hem, which are attached at each frame. In order to re-
place one of these panels, it is necessary to remove the two adjacent
window frames and the ¢old air duet. Paragraph K, Pege 18, outlines
the procedure for removing a window frame. The replacing of a panel
may be greatly facilitated by the use of a simple jJjig, as shown in
the window jig diagram, Figure 3, Pege 14. Any slightly damaged part
of the eloth covering may be repalred quiekly by eapplying a cloth
pateh. The cloth is doped with acetate dope; under no condition
use a nitrate dope.

Revicsed 6-2-34
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3. Panels of Plymetal Haskelite, Grade UVU, are installed be-
tween the window line and the floor. The surface which faces the
soundproofing material is perforated for the purpose of assisting
in sound control. The panels are held in place by Parker Kalon
Sorews, A special washer is used under the head of each screw, and
the trim strips snep over these washers similer to a glove snap. Do
not attempt to slide the trim strips over the washers from the ends
as this is liable to damage the aluminum sheet which forms the out-
side surface of the panel. The trim strips mey be pried off with a
sorew driver or similar tool.

C. Cabin Floor

1., The floor is of 1/2 inch Plymetal Haskelite panels, Grade
UVU, which are secured in place by special screws, These sorews are
fitted with shoulders which prevent them from coming out of thg floor
panel when detached from the structure. In removing any panel it is
first necessary to detach the large headed screws and then raise the
aft end and slip the panel rearward and out from under the adjacent
forward panel, It is not necessary to remove the metal strips whioch
form the edge of the panels., Fach panel is butted against rubber
strips. Care must be exercised when removing or replacing a panel as
injury to the rubber strips may cause the floor to leek when washed.
The work of replacing a panel may be greatly facilitated by placing e
thin sheet of metal on top of the rubber when inserting under the
warm air duet.

D, Cargo Compertment and Passageway Floors

l., The passageway floor consists of three panels of corrugated
Alclad shest, the forward and rear of whiech are secured by special
serews fitted with shoulders that prevent them from coming out after
the threads have been disengaged. Removal of the rear panel gives
access to the battery terminals.

2. The cargo compartment floor consists of panels, which are
removabls for inspection of econtrol cables, and permansntly attashed
worrugated Alelad sheet.

E. Lavatory

le The lavatory floor is of Plymetal Haskelite and is perma-
nently attached to the surrounding structure., It is coversd with a
removable rubber mat, A drain 1s provided so that the floor may te
easily cleaned and flushed off,

2. The baffle or funnel may be lifted off the toilet seat for
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 croas bar, After oleaning, the receptacle should be filled
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with a one quart solution of disinfectant. One tablespoonful of
disinfectant to one quart of water will give the correct solution.
A quantity of "Sanitor Speocial Disinfectant"” (West Disinfecting
Co., New York) is carried in metal clips under the wash basin.

3. The flooring within the toilet frame may be removed by
detaching the screws which attach it to the structure. (Refer to
handhole diagram, Figure 2, Pege 1ll.)

F. Buffet

l. The water supply for drinking and washing is a 4 1/2
gallon tank in the top compartment of the buffet. This tank may
be filled through the filler neck which extends outside of the
fuselage. (Refer to water system diagrem, 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 of evaporation of dry ice will naturally vary with the
outside temperature, the cabin temperature, the number of times
the door is opened, end the number of layers of newspaper around
the ice. Therefore, the amount of ice and the number of layers
Oof newspaper necessary must be determined by experiment under the
conditions of flight. Aiming at a temperature between 32° and
400 F., it has been found by experiment that, with a cabin and
outside temperature varying from 69° to 749, a piece of dry ice
10 inches square and 1 inch thick with one layer of newspaper
lowered the temperature of the box (which was at outside temper-
ature) to 30° F. within the first hour and maintained the limits
set for a period of five hours. At this time re-iocing seemed
necessary.

G. Doors

l. The main entrance door, the cargo loading doors and the
lavatory dcor are made watertight end soundproof with a rubber
weatherstrip which should be replaced at the first signs of de-
terioration and at least every three months, as only a small
erack 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 of the cabin, the emergency exit door and the lava-
toiy door should be replaced as soon as deterioration is appar-
ent.

H. Passenger Cheirs

1. The passenger chairs are equipped with two adjusting
devices and a provision for facing fore and aft to give the maxi-
mun of comfort to the passenger.

Revised 5-5-34
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PACE 16
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2+ To tilt the entire secat forward /or back:

(a) Relecse catch on heandle of cdjusting
cranik, located on the side of the cheir
freme, by pulling the handle outwcrd.

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

(¢) Let go of handle to £llow catch to snap
into position.

3. To tilt the back only:

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

4. To face chair to the resr:

(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.

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

(d) Replace heed cushion.

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

6. When deteching chairs to remove the floors proceed
as above on the two side breckets. On the two floor brackets,
remove the four bolts holding the rubber cushions to the brack-
ets, then 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 rotaute enough to empty 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 agaeinst the passenger seat when not in use.

J. Emergency Ixits

l. The emergency exit hatch is located overhead and midway
between the pilot's end co-pilot's sesats.



2. The emergency exit hatch is fitted with two release
handles at the forward end. These 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.)

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.

-347-

(b) Push door clear of opening.

K. Cabin Window Glaess Replacement

(Working inside the cabin.)

1. Detech screws from viindow frame and remove frame from
fuselage wall.

2. Remove 0ld 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 unik.

L. Cockpit Windshield Gless Replacement

(Working inside cockpit.)

1. Detach screws from window frame.

2. Slide outboard section of glass inward.
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. Scal glass in place by means of Dum-Dum on the outside.
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SECTION V
WING

A. Deseription

l. The wing is of full centilever, multi-cellular
stressed skin eonstruction and oonsists of three main panels.
The center panel is built in two seotions, front and rear.
The two outer panels each have three sections; the main sec-
tion, the detashable rear section at the inboard end, and the
detachable tip.

2. The center panel contains three spars which are built-
up of extruded seetions of 24ST with 24SRT Alclad sheet com-
prising the webs. The ribs eare pressed and formed from 24S0
Alolad sheet end then heat treated. Aft of the rear spar and
along the lower surface, bulb angles of 24ST are employed for
longi tudinal members. The compression structure of the upper
surface forward of the rear spar oconsists essentially of cor-
rugated 24SRT Alelad sheet, the corrugations running laterally.
The covering for both the upper and lower surfaces is of 245T
Alolad sheet.

8. The engine nacelles are of semi-monogoque eonstruotion
and are attached to the center wing panel by machine sorews,
thereby allowing removal. The transverse frames are formed
from 24S0 Alelad sheet. The longi tudinal members oonsist of
five main formed "hat" seotions, to whioh the engine supports
are attashed, and of bulb angles interspersed between the "hat"
seetions. The shell plating is of 24ST Alalad sheet formed and
heat treated before riveting.

4. The outer wing pamels are similar in construction to
the center panel, with the exception that bulb angles are used
in place of the corrugated Aloclad sheet.

5. The ailerons are of metal frame construction, fabrie
covered. The right aileron is equipped with a trimming flap,
controllable from the cockpit, to compensate for any unsymmet-
rieal loading. (See Surfece Controls, Paragraph 2, Page 4l1.)

6. The wing has an angle of dihedral of 5 degrees (meas-
ured on the upper surface). Data pertinent to the span, chord,
type of airfoil, ete., may be found under "Dimensions and
Weights", Section II, Pege 2.

7. Aeccess to the fuel tanks may be had by removing the
tank cover plates losated on the underside of the center wing
panel just outboard of the fuselage centerline. The fuel valves,
wabble pump end con trol eables are accessible for inspeetion,
etc., by removing the small cover plates loecated midway between
the tank compartments on the lower sirface of the center wing

Revised 4-10~34




5
>
@
m
)
o




~ 346~

B e

panel. (See Cover Plate and Inspection Door Diagram, Figure 2,
Pege 11.)

B. To Remove sn Aileron:

l. 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 right aileron,
disconnect aileron flap control rod by removing attaching bolt.

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

C. To Remove Quter Wing Panel:

1. Remove fairing from wing attachment angle. This may
be accomplished by detaching the four hold down clips on the
upper surface, the two.hold down c¢lips on the lower surface,
and by taking out the two screws st the trailing edge fitting.

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

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

4. Work through inspection door on lower surface of right
wing, Jjust forward of aileron flap and wrap the control drum
with tape so that cable winding will not be lost. Then discon-
nect flap control cables at links located above first hand hole
outboard of wing attaching point. It is important that the ends
of the control cables be festened to the structure of the center
wing panel without &llowing an excess of slack in order to pre-
vent the ccble unraveling from the drum in the control pedesteal.

o. 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 distence between the ad justing nuts so as to avoid
loss of time in adjustment when reassembling.
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7. Remove machine screws from upper surface of wing and
attach the four hoisting sling fittings. See Paragraph 3-8,
Page 7, and Figure 1, Page 10, for points and method of hoist-

ins.

8. Remove bolts from wing attachment angle. NOTE: It is
possible to remove all the bolts from the lower surface with the
exception of a few (4 or 5) at the spar points, and from the up-
per surface every other one during the time the above items of
diseconnection are being aecomplished.

9. The outer wing panel may now be lifted clecar of the
airplane, NOTE: At time of reassembly it is important that
the floating rib, between the outer and center panels, is not
omitted. This should be attached to the inboard end of the
outer panel with countersunk machine screws before commencing
the operation of installing the wing.

D. To Detash Rear Section of OQuter Wing Peanel:

l. The entire outer wing panel nust be detached from the
airplane.

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

3. Remove allerons.

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

5. Work through inspection holes in the lower surface of
the wing and detach bolts securing ribs to rear spars.

6. Remove screws from splioced bulb angle longitudinals
whioch are reached through row of cover plates on lower surface
Just aft of rear spar.

E. To Detach Tip of Quter Wing Panel:

l. Disconnect wing tip light electrical wire at junction
box. Access to this is gained by removing the c¢ireular co.er
plate on the lower surface of the wing tip.

2. Remove screws which attach tip sesction to outer panel
and pull the tip outboard until it is free.

F. To Remove Center Wing Panel

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

Revised 5-1-34
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2. FRemove fuel tenks. (See Paragraph B-1, Page 118)
3. Fkemove engine section. (See Paragraph C, Page 108.)
4, Remove landing gear. (See Section X. Puge 80.)

5. Remove wing fillets by teking out machine screws and
then remove front lower pan at lesding edge znd fuselage junction.

6. Kkemove cabin sests and floor penels which are over wing.
(See Paragr=zph H, Psge 15; Percgraph C, Page 13.)

7. Remove cargo compartment floor. (See Paragraph D, Page 13

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

9. Disconnect the dump 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 1316 inclusive.)

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

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

12. Detsch fuel pump opereting 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-
ter wing section. EKermoval of the Cannon plugs disconnects all
wiring pertinent to removal of center wing panel.

l4. Disconnect the heating system steam line at the union
located where it enters the fuselage from the wing.

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

16. Remove bolts which attach fuselage longitudinal bulb
engles in trailing edge of wing.

Revised 12-7-34
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17. Remove all serews which attaeh fuselage frames to
upper surface and leading edge of wing.

l€. Remove seorews which at tach fuselage longi tudinals to
leading edge of wing.

19. Remove bclts which attash upper surface of wing to
side of fuseclage.

20. Remove bolts which at tach wing-spar fittings to fuse-
lage.

2l. Remove cover plate from between leading edge and fron%
spar. Take out bolts from each fitting whieh attaches front
spar to fuselage.

22. The eenter wing panel should now be free from fuselage.

23, Hoist fuselage clear of wing. (See Paragraph 4, Page
7, for hoisting instruetions.)

G. laintenance

1. The wing being of all metal multi-cellular construction,
it requires no maintenance.

2. 1In cases of repair and replacement, the Department of
Commeree has aspproved the substitution of 24ST alloy material

for 24SRT, except for all the wing spar webs and the center panel
corrugation.

Revised 6-2-°4
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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
freme construction with 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. Fafni:
self-lubricating ball bearings are used. Trimming flaps, which
may be ad justed from the pilot's cockpit while in flight, to
provide adjustment of longitudinal balance, are fitted 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 sluminum 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
Parsgraph 3, Page 43.) The rudder is carried on Fafnir self-
lubricating ball bearings.

Revised 10-25-34
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B. To Remove an Elevator:

1. Diseonnect the tail 1ight elestrical wires at the june-
tion box in the tail cone, which 1s accessible by removing the
inspsotion plate on the left side of the tall cone, and disconnest
the treiling antenna at the pull plug accesaible through the same
inspsotion opening.

2. Remove monoocoque tail cone by detaching machine screws
whioh secure it to the fuselege.

3. Disconneoct the elevator flap ocontrol cables at the turn-
buckles loocated in the fuselage taill seetion just aft of the rear
baggage compartment and then pull the cables out of the tail see-
tion. It is elso recommended that a threader line be attached to
each cable before it is pulled out: NOTE: The ecable drum in the
slevator should be wound with tepe to prevent the c¢able winding
from unraveling end the end of the contral cables in the fuselage
ghould be fastened securely to prevent any undue slack which would
ellow the eable winding on the drum in the control pedestal to un-
ravel. To facilitate reassembly, the ocontrol cables are marked
with yellow at the turnbuckls connection on the line that leads
to the upper side of the control drum in the elesvator and with red
on the e6able that leads to the lower side of the drunm.

4, Disconneet the elevator control cables at the turnbuckles
looated in the fuselage tail section Jjust aft of the baggage eom-
partment.

5. Remove the bolt from eaeh of the elevator hinge brackets.

6. Remove the two bolts wnich at tash the elevator control
stoek to the horizontal stabilizer.

7. Tilt the elevators upward (approximately 10 degrees) and
then pull rearward and up to clear hinge brackets.

8. Detach the four bolts whieh attech each elevator to the
control stoek.

C. To Remove Rudder:
l. Remove the bolt from the joint in the flap ocontrol rod.

2. Detach the bolts which secure the bagse of the rudder to
the control stoek.

3. Remove the bolts from each of the hinge brackets.

4. Lift the rudder off with a slight upwerd movement and
then a rearward pull, guiding it free from the flap operating
gear,

D. To Remove a Trimming Flap:
(Rudder or Elevator)

l. Disconneet the flap control rod by removing the bolt from
the fitting at the leading edge of the flap.

2. Pull out the hinge pins.

Revised 4-10-34
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E. To Ramove Horizontal Stabilizer

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

2. Remove the elevators. (Refer to Paragraph B, Page
34.)

3, Disconneet the elevator control cables at the eleva-
tor horn.

4, Remove the bolts which at taeh the stabilizer and tile
eshannels to the sides and rear frame of the fuselsge.

5. Slip the stahilizer rearward until clear of the fuse-
lage.

¥. To Remove Vertieal Stabilizer:

1. Remove the rudder. (Refer to Parsgraph C, Page 34.)

2. Remove the two (2) bolts attaching the lower end of
the stabilizer resr spar to the fuselage.

3. Remove all nachine screws which attaoch lowser end of
the stabilizer to the fuselage.

4., Lift the stabilizer upward until it is clear of the
fusel age structure.

NOTE: In replacing vertical stabilizer, all
machine screws should be set in lith-
arze.

G. To Replace Forizomtal Stabilizer Abrasion Strip:

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

2. Roughen surface with emery cloth and then wipe off
with the benzol mixture.

3, Prepare a mixture of approximately 1 pert Goodrieh
Vulcaloock cement with 2 parts benzol and apply to surface,
brushing well, and allow to dry.

4. After Tirst coat has dried, apply two or three coats
of straight V Lcalock, allowing each successive coat to dry
thoroughly. 4snough Vulcaloek should be applied to give a
golden browr color. Note: Allow Vulezlock to dry absolutely
hard before next step (it is preferable to allow the job to
stand over night).

Revi sed 06-~2-34
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5. Wipe fabrie side of abrasion strip with benzol and
apply a coat of Goodrich #4 eement (cut with approximately
1 part benzol to 2 parts #4 cement). As soon as this is dry,
apply a coat of full strength #4 cement. While this 1is drying,
apply a coat of #4 eement cut with benzol over the Vulcelock
that has been applied to stabilizer, then spply another coat of
#4 cement to abredion strip, if necessary, and allow cement on
both abrasion strip and stabilizer to dry to a point of strong
tackiness.

6. Apply ebrasion strip, tacking only the forward edge
of the rubber Just below the reinforcing nose strip to the
metal, then begin working stock down and back from the edge,
being careful not to trap air bencath the rubber. If, by
acoident, the strip sticks down in error, pull it loose with a
sharp Jerk. After strip has been laid over entire straight
portion, work 1t straight out over the edges, later trim off
surplus edges with a sherp knife, being careful not to scratch
the metal, then roll down firmly with a rubber roller or equiv-
alent.

7. After strip has been rolled down thoroughly and &ll
trapped air let out by puncturing rubber with a pin =nd all
surplus has been trirmed, the edges should be "oll proofed" to
prevent gasoline, oil or other solvent from attaeking the ce-
ment and weakening the bond to the uetal. This mgy be done by
masking off around &ll edges so as to leave a strip of about
3/8 ineh on the rubber and 1/4 inch on the metal exposed. To
these strips apply one straight coat of Vulcaloek and ellow to
dry hard, then a second coat of a mixture of 9 parts Vulcalock
to 1 part laequer thinner and allow to dry until not quite hard,
then apply & coat of stiraight lacquer.

H. lMaintenance

l. The fabric covering of the rudder end elevators neay be
repaired with fabric patehes if damaged. Refer to Paragraph N,
Page 159, for finishing of fabric surfaces.

2. All ball bearings in control hinges amd pulleys are
self=-lubricating for the life of the bearing; therefore, the
only points of the empennage requiring lubrication are the three
flap operating screws and the ball joints inside the cable drums.
Zerk fittings are accessiltle through the hand holes in the con-
trol surfaces. The holes may be lined up w#ith the Zerk fittings,
if necessary, by adjusting the flaps.

Revised $-2-34
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SECTION VII
SURFACE CONTROLS

A. Description

l. Ruddcr and Elcvator

(Refer to Figures 16 znd 17, Pages 39 and 40.)

(a)

(b)

(d)

(e)

The rudder and elevators are controlled
from the cockpit by cables which run a-
long the centerline of the airplane be-
ncath the flooring and enter the rear
fuscloge bay where they attach to their
respcctive horns. Onec cable from each
control surface is broken at the Servo
Unit, under the forward cargo compart—
ment, and is connccted by means of turn-
bucklcs to onc of the Servo cylinder
pistons. The ccble from the cockpit
controls is conncctcd to the forward end
of thec piston and the cable from its re-
spcctive surface is conneccted to the aft
end. Thc ccbles ere of 3/16 x 7 x 19
pre-formed extro flexiblc steecl. A strap
for locking the ruddcr and ailerons in
the "neutral™ position and thc elecvators
in the "down" position is stowcd in the
cargo compartment. (Refcr to Paragraph
L Poge 9.

The cargo compartment floor and the cen—
ter panels of the cabin floor mey be
ecsily rcmoved for acccss to the control
ctbles.

The rear cover platc on the right sidec of
the verticz2l stabilizer may be removed for
access to the rudder horn and the plate on
thc lcft side for access to the clevator
horn. (Sce Figurc 2, Page 11, for the lo-
cations of 2all ccccess plates ond inspce-
tion doors.)

A large cover platc is providcd in the bot-
tom of thc nose for access to the rudder
pedals and elevator pulleys. Thec smaller
plates 2ft of this large onc are for access
to the control cables,

The rudder pedals are cdjustcble to suit
the pilot -nd ~re intercouncected by a cable
which is also 2 part of thc brake control
systcomn.
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PAGE 39

CABLE RUDDER RH. REAR SEE PAGE 393 F1G.2-B

14572 =] A D:
AN210-2 PULLEY 2 REQD.
44 ~|

AN2/0-4A PULLEY 2 REQD.
CABLE RUDDER R.H. SEE PAGE -39a FIG. 2- A

134932 FAIRLEAD | REGD.

£ \ 134931 FAIRLEAD | REQD.
134930 FAIRLEAD | REQD.

CABLE RUDDER L.H.FRONT

SEE PAGE 39a FIG. I-A

134424 FAIRLEAD IREQD.
135477 FAIRLEAD 2 REQD.

13178| BRACKET 2 REQD-

AN210-3A PULLEY 2 REQD.

145912-2 RUDDER CABLE R.H. FRONT

245911-2 RUDDER CABLE R.H. REAR | EA.REQD

CABLE RUDDER RH.FRONT

SEE PAGE 392 FIG.3-A

537760 RUDDER TORQUE TUBE ASSEM.

537761 RUDDER TORQUE TUBE ASSEM

| EA. REQD.

434368 BRACKET | REQD.

AN2]0-4A PULLEY | REQD.

434368-1 BRACKET | REQD.
AN210 -4A PULLEY | REQD.

13544] &-1 CABLE ASSEM. | EA. REQD.
137673 LINK 2 REQD.

133254 &-1 BRACKET | EA. REQD.

//
; < HINGE |
: . \ ¥ _¢_‘ ’
i 30 LEFT
e 27 LE.
40253 FAIRLEAD | REQD. G \[

AN210-3A PULLEY | REQD.

145637 FAIRLEAD | REQD.

SERVO UNIT_ 131781 _BRACKET | REQD.
AUTOMATIC PILOT 131782 BRACKET | REQD.

REFER TO DOUGLAS DRWG. 530578 ANZI0-3A PULLEY 2 REQD.

33507(-6 RUDDER CABLE | REQD:

. RUDDER CONTROLS
- FIG.16

344879 CABLE ASSEM.

\ ¢ ; RUDDER STOP
PP 2 Q

<

!
i \-_ _>/l

CABLE RUDDER L.H. SEE

F 392 FIG. |- A
Eﬁ%z -T BRACKET | EA. REGD.
AN2]0-4A PULLEY 2 REQD.

\— 133413 BRACKET | REQD.
133414 BRACKET 2 REQD.

AN210-3A PULLEY 2 REQD.
CABLE RUDDER L.H. SEE

PAGE 39a FIG. |- B 27 TE.

30 RIGHT )/
A

RUDDER | N

RUDDER MOVEMENT
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SEE _PAGES 39 & 40

S S i s
FIG. |

NAME NO.REQ. | A4 B c TURNBUCKLE S
ELEV. UPPER R.H. | 30 26[492 | 11985 ANI40 -32L
ELEV. LOWER R.H. I 69 34 |492 107% | ANI140O - 32L
ELEV. LOWER L.H. | 1093 14525 |107%. | ANI4AO - 32L
RUDDER L.H. | 48 % 511 4 |86 76 | AN140 - 32L
iAj ,t B j
FIG.2 SEE PAGES 39840
NAME NO.REQ.[ 4 B TURNBUCKLES
ELEV. UPPER L.H. | 454 | 11978 AN 140 -32L &ANI35-32 S
RUDDER R.H. [ 473 |86 /| AN 140 -32L & ANI35-325S
A
F1G. 3 SEE PAGES 39840
NAME NO.REQ.| A TURNBUCKES
ELEV. UPPER L.H. I 39324 AN 135-32 S
RUDDER RH. | 6l 8| AN 135 -325S

e9I1'Old

RUDDER & ELEVATOR CABLE LENGTHS

P6¢€ 39Vd
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PAGE 40

239917 BRACKET | REQD.
AN210-3A PULLEY 4 REQD.

CABLE ELEV. UPPER RH. FRONT "

CABLE ELEV. UPPER RH.
SEE_PAGE 39a FIG.1~ C

440096 &-1- BRACKET | EA. REQD.
AN210-4A PULLEY 2 REQD.

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

CABLE ELEV. UPPER R.H.
SEE PAGE 394 FIG. 1-B

441763 & -1 BRACKET | EA. REQD.

SEE PAGE 392 FIG.I-A \
CABLE ELEV. UPPER L.H.FRONT

AN210-4A PULLEY 2 REQD. \\
~ 134932 FAIRLEAD | REQD %
134931 FAIRLEAD | REQD:

SEE PAGE 391 FIG. 3-A

231511 BRACKET | REQD.

A

>

PULLEY #SKF5 (BRG I-70163) 2 REQD.

132949 BRACKET | REQD.
145936-3-6 BOLT | 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

-

140253 FAIRLEAD | REQD.

| EACH REQD.

239917 BRACKET | REQD.

SERVO UNIT
AUTOMATIC PILOT

REFER TO DOUGLAS DRWG ¥*530578

AN210-3A PULLEY 4 REQD.

CABLE ELEV. LOWER R.H:

SEE PAGE 392 FIG.I-A
CABLE ELEV. LOWER L.H.

SEE PAGE 392 FIG.i-A

4%

ey

: x 134930 FAIRLEAD | REQD:-
~ 134424 FAIRLEAD | REQD.
531857 CONTROL COL. ASSEM. | REQGD.- )
131079 BUSHING 2 REQD. ¥ /
131079-1 BUSHING 2 REQD.

PAGE_39a FIG.I-B
: CABLE ELEV. LOWER L.H.
/' SEE PAGE 394 FlG |-s l

ELEVATOR CONTROLS

pe—
/1

Vli/ //i

CABL; ELEV. UPPER L.H. SEE
PAGE 39a FIG.2-B

7@

CABLE ELEV. LOWER L.H. SEE PAGE 392 FI1G.I-C
CABLE ELEV. LOWER RH. SEE PAGE 392 FIG.|-C

242157 &-1 BRACKET | EA. REQD.
2421292-1 BRACKET | EA REQD.
AN210-4A PULLEY 4 REQD.

1334I13 BRACKET | REQD.
133414 BRACKET 2 REQD.
AN210-3A PULLEY 4 REQD.

CABLE ELEV. LOWER R,H. SEE

ELEVATOR
UTRAL

ELEVATOR MOVEMENT

\

~
-~ ‘
\ ~
\\\/

s

-

CEVISED T--88
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2.

(g)

(n)

(i)

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 either side of the centerline of
the airplane.

The movement of the pedals is limited by
ad justable bolts (near their lower ends
which strike against fixed stops on the
fuselage structure.

The rearward 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 the 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 the elevators from riding the hinges.
Onc is contacted when the elevators are

in the 'up™ position and ‘the otaer is con-

tactaed when the elevators are in the "down’

position,

Lilerons

(Refer to Figure 18, Page 42.)

(a)

The ailerons are controlled from the cock-
pit by pre-formed extra flexible stecel
cables, 3/18 x 7 x 19, which run beneath
the flooring along the center line of the
airplane to a large bell crank aft of the
rear spar. Similar cables run from this
bell crank to the outer wing panel. With-
in the wing, the cables attach to tri-arm
bell cranks which have the aileron control
rods attached to their third arm. There
arc two of these bell cranks in each wing,
namely, inboard and outboard, waich are
interconnected bv cables.

=y

-4]1-
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PAGE 42

CABLE AIL. INNER WING

SEE PAGE 42b FIG. 2-A-B_

CABLE AIL. OUTER WING

SEE PAGE 42b FIG.1-A

139916 BRACKET | REQD.

139916-1 BRACKET 2 REQD.

131782 BRACKET | REQD.

AN210-3A PULLEY 4 REQD.

335072-1&8 -2 AILEPON CABLES

| EACH REQD.

531857 CONTROL COLUMN ASSEM | REQD:

131079 BUSHING 2 REQD.

131079-1 BUSHING 2 REQD.

431518 BASE PLATE | REQD.

231624 ATTACHING BRACKET 4 REQD.

231516 &-1 BRACKET | EA. REQD.
AN210-4A PULLEY 4 REQD.

231517 8-1 BRACKET | EA. REQD.——
231624 ATTACHING BRACKET 2 REQD.
AN210-4A PULLEY 4 REQD.

CABLE AILERON R.H.& L.H. FRONT-

SEE PAGE 42a FIG.I-A-B

SERVO UNIT

AUTOMATIC PILOT

CABLE AILERON L.H. REAR
SEE PAGE 423 FIG. 2-A-B-C

REFER TO DOUGLAS DRWG. 530578

AILERON MOVEMENT
NOTE:
AILERONS HAVE 2° DROOP

FROM TRAILING EDGE OF

145495 FAIRLEAD 2 REQD.
144513 FAIRLEAD | REQD.
145523 -1 FAIRLEAD 2 REQD.

145523 -2 FAIRLEAD 2 REQD.

AILERON CONTROLS
FIG. 18

431704 AILERON MAST | REQD.

133256 &-1 BRACKET 2 EA. REQD.
AN2I0-3A PULLEY 2 REQD.
117425 -3D-016 _SPACER 2 REQD.

~——235725 AILERON CABLE 4 REQD.
135039 LINK 2 REQD.

140254 FAIRLEAD 2 REQD

238114 BRACKET 2 REQD.
238115 &-1| BRACKET | EA. REQD.
AN210-3A PULLEY 4 REQD.
117425-2D-016 SPACER 4 REQD.

@432413 &-1 AILERON CRANK | EA. REQD.
(P432413-22-3 AILERON CRANK | EA. REGD.

/—8233237-2 ROD 2 REQD.
P
e

233237-7 ROD 2 RECH.
111904 - 4-030 BOLT 2 REQD.
133236 ROD END 2 REQD.

135070 AILERON CABLE 4 REQD.

@432414 AILERON CRANK 2 REQD.

(P432414 -3 AILERON CRANK 2 REQD.

@233237-1 ROD 2 REQD.

(P233237-6 _ROD 2 REQD.
111904 -4 -030 BOLT 2 REQD.
133236 ROD END 2 REQD.

NOTE -

PARTS MARKED THUS @ USED ON AIRFLANES
1237 TO 1256 INC, 130l, 1303, 1305, 1317 & 1324
PARTS MARKED THUSG USED ON AIRPLANES
1257 TO 1261 INC, 1286 TO 1300 INC, 1302, 1304,
1306 _TO 1316 INC, 1318 TO 1323 INC. & 1325

ON _ ALL AIRPLANES.

\\ TO 1335 INC. PARTS NOT MARKED ARE WSED
I

‘ B2k PE-Sr-e TISNRY




AMERICAN AIRLINES, INC.

MAINTENANCE BULLETIN NO. 863

Subject: Rigging of Ailerons
- Douglas DC-2

Code: DC2-A-3
Date: June 6, 1936
Tos Maintenance Supervisor - Chicago
- » - Ft. Worth
" - - Glendale
x ¥ - Nework
All Station Managers
‘Att: Chief Mechanic
From: Superintendent of Maintenence

1. Plense refer to pages 42 and 46 in your Handbook of Instructions
for Model DC-2 airplanes.

2. The Douglas Aireraft Company has advised that the instructions
issued in regard to rigging the ailerons shall be revised to
read as follows:

"Up-throw 260 or 12 11/16 inches. This up-throw is
not to exceed 27° or 13 1/8 inches."

Douglas explains this change with the following statements:

"A greater up-throw of the ailerons may result in
aileron burble when controls are 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 as it leaves the factory
would have both right and left ailerons not ex-
ceeding 13 1/3 inches up~throw and approximately
9 3/@ inches down-throw.

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

(a) Change the up~-throw of 30° to 26°.

(b) Change the up-throw of 13 5/8 inches to
12 11/16 inches, not to exceed 13 1/8 inches
or 279,

(¢) Change the down-throw of 14° to 180,

(d) Change the down-throw of 7 7/8 inches to
g 3/@ inches.




) ¢

w e

MAINTENANCE BULLETIN NO. 863

4. We are sending you an additional copy of this bulletin in order
that it moy be inserted in your Hendbook of Instructions.

5. "e are also preparing 400 additional copies to be distributed
to all personnel who have purchased Douglas DC-2 Manuals.

7/7 ’)/ I / 2 c,(, FARE

He D. Ingells
cc: Vice President - Operntions
Operations Manager
Supts of Stations
Flight Supts: Foremen & Inspectors
Sup. Radio Installation & Repair
Stock Supervisor: Chief Engineer: Sales Dept.
Messrs. Griffin, larie, Atkinson, Hutchinson, Lawrence,
Brower, Muth, Bewley, Calliott
Mr. C. Reed - Dept. of Commerce

ONLY PERSONS ADDRESSED HEED RECEIPT & RETURN ONE COPY
]

g,

.



,Additiun of Machine Serem a‘t Mtboard Control Ailertm
Hinge Casting Attachment. 5

This Service Bulletin replaces #116 dated May %, 1956.,

In order to increase rigidity in the connection between‘”
aileron beam and the outboard control hinge casting, we have added
- (4) 8/3em flat head machine screws in the manner shovn on the sketch

: We recormend that these screws be added to this hinge
casting on all ailerons now in service.

#8-32 FLAT HEAD STEEL MACHINE
SCREW 3/8" LONG, 4 REQ. PER
: DRILL 9/64 (140) C'SINK 82
e S : 11/64 TiP 8-32 102

SHIM APPROX. 093 x 3/4 x 3[4:
T~ 2 REQ. PER FITTING
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®8l 'Old

SEE_PAGE 42
NAME PART NO.INO.REQ.| A B CABLE EYE NO.REQ. | TURNBUCKLES |NO.REQ
AIL.R.H.FRONT |330725-I I 1223 | 123 | AN170-32RS 2
AIL.L.H.FRONT | 330725 I 1023 | 129%| AN170-32RS | ANI35-32RS |

SEE PAGE 42

NAME PART NO.|NO.REQ| A s (4 TURNBUGLES NO.REQ.
AlIL.R.H. REAR 335072~ | 82 86§ 77% | AN140-32S & ANI35-32S | EA.
AIL.L.H. REAR 335072-2 | 785 | 863 | 855 | AN 140-32S e

AILERON CABLE LENGTHS

e2y 30vd
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PART NO.

NAME

B TURNBUCKLES

235725 | AlIL. INNER WING

90Ya

154 Y4 [AN130-32 S&L

SEE PAGE 42

AILERON CABLE LENGTHS

92t 3Ovd

-2~ AR CUeS T .9-“—34 46'94
PART NO. NAME NO.REQ. TURNBUCKLES
135070 AIL.OUTER WING 4 156 AN 135 - 32L SEE_PAGE 42
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(b) A situation, similar to that discussed in
Paragraph (a), Page 38, prevails in the
aileron control system in that one of the
cahles oconnects to the Servo Unit,

(e) In the lower surface of the wing on each
side of the fuselage are six cover plates
for aecess to the aileron control cables
along their route parallel to the rear
spar. (See Figure 2, Page 1ll.)

(d) Hinged doors in the lower surface of the
wing and cover plates in the lower sur-
face of the ailerons are provided for ac-
cess to the attachment points of the ail=-
eron control shafts.

-3

3. Rudder, Elevator and Aileron Flaps

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

(a) 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
of neutral.

(b) The control cables for these flaps are
1/16 x 7 x 7 extra flexible steel amd
follow the same route through the airplene
as the rudder and elevator cables with the
exoeption of those of the aileron which
follow this route until aft of the rear spar
and then enter the right wing. NOTE: To
aid in distinguishing the various flap con-
trol cables, they have been banded with paint
at all turnbuckles and conneotions as follows:
Rudder (both cables), Blue; Elevator (to up-
per side of drum in elevators), Yellow, (to
lower side of drum in elevators), Red;
Aileron (to upper side of drum in aileron),
ghite, (to lower side of drum in aileron),
one.

(¢) The forward one of the two small cover
plates on the right side of the verticeal
stabilizer is removable for access to a
rudder flap control cable pulley. (See
Figure 1, Page 10.)

(d) A hinged door for acoess to the aileron
flap control gear is provided in the lower
surface of the right wing, and a cover
plate for aocess t the control shaft at-
tachment is loecated in the lower surface
of the aileron. (See Figure 2, Page 1l1l.)

Revizsed 5«=3-34
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PAGE 44

137940 BRACKET | REGD.

133253 &-1 BRACKET | EA. REQD

AN 210-1A PULLEY 6 REQD.

117425-3D-006 SPACER 2 REQD.

117425 - 3D-014 SPACER 5 REQD.

117425-3D-022 SPACER | REQD.

117425-3D-600 SPACER | REQD LSS,

140195 FAIRLEAD | REQD.

140244 FAIRLEAD | REQD.
135451 FAIRLEAD | REQD.

132497 BRACKET 2 REQD.

AN210-1A PULLEY 4 REQD.

CABLE ELEV. & RUDDER CONTROL DRUMS
SEE PAGE 44a FIG. 2

232294-4 RUDDER CABLE | REQD.
232294-7 ELEVATOR CABLE | REQD.

REFER TO DOUGLAS DRWG.
532075 FOR FLAP PARTS
ZONNECTED WITH CONTROL PEDESTAL

231916 BRACKET | REQD.
AN2I10-2A PULLEY 2 REQD.

231914 BRACKET | REQD.
AN210-2A PULLEY 2 REQD.

RUDDER FLAP MOVEMENT

ELEVATOR FLAP MOVEMENT

REFER TO DOUGLAS DRWGS. 530578 & 541123

CABLE ELEV. FLAP e
SEE PAGE 444 FIG. | ‘
133253 &-1 BRACKET 3 EA. REQD—— e
AN2]0-1A PULLEY 6 REQD. \ /
117425-3D-019 SPACER 3 REQD. 0

_»/'\\\ ' |
134932 FAIRLEAD | REQD. \ iy, 1
134931 FAIRLEAD | REQD. \ . | n,
134930 FAIRLEAD | REGD. '\‘ h
134424 FAIRLEAD | REQD: 4 4

CABLE RUDDER FLAP 3 7 A :
SEE PAGE 492 FIG. 2 ; \.

134615-1 LINK 2 REQD.

135266-1 LINK 4 REQD.
135266-2 LINK 2 REQD. ~8

ANI35-8S TURNBUCKLE 6 REQD. S

AN393-9 PIN 16 REQD.

EMPENNAGE FLAP CONTROLS
FIG. 19

233324-1 FLAP CONTROL ASSEM. ! READ.
133337 ROD ASSEM. | REQD.

133209 BRACKET | REQD.
135150 GUARD | REQD.
AN210-3A PULLEY 2 REQD.

Q 242424 FLAP CONTROL ASSEM. 2 REQD.
138859 ROD ASSEM 2 REQD.
111904-4-114 BOLT 2 REQD.

_>>~——135418 GUARD 2 REQD.
AN210-3A PULLEY 4 REQD.

134888 BRACKET | REQD.
AN210-1A PULLEY 2 REQD. ;
117425-3D-019 SPACER | REQD.

134673 8&-1 BRACKET | EA. REQD
AN2|0-2A PULLEY 2 REQD.
117425-3D-019 SPACER 2 REQD.

134678 &-1 BRACKET | EA. REQD.
134679 &-1 BRACKET | EA. REQD.
AN210-2A PULLEY 4 REQD.
117425-3D-103 SPACER 4 REQD.

o .
~——ANI40-8S TURNBUCKLES 4 REQD.
AN393-9 PIN 8 REQD.

133969 &-1 BRACKET 2 EA. REGD.
AN2I0-2A PULLEY 4 REQD-
117425-3D-020 SPACER 4 REQD.

133970 BRACKET | REQD.
133971 BRACKET | REQD-
AN210-2A PULLEY 2 REQD.
117425-3D-020 SPACER 2 REQD.

CABLE ELEV. FLAP RH & LH.

135266-1 LINK 8 REQD. o \\\
135726-5 CABLE 4 REQD. \ ») SEE_PAGE 49a FIG. |
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OTE:

LENGTH OF
INCLUDING _ PART

WRAPPED _AROUND

DRUM = 435

LENGTH OF CABLE
INCLUDING _PART

NAME NO.REQ. A CLEVISES
ELEVATOR FLAP 2 21 133318 SEE PAGE 44
T NOTE:

[
L

WRAPPED AROUND
DRUM = 272

NAME

NO.REQ

A CLEVISES

AIL-ELEV. ~RUD. CONTROL DRUM

84 2 133318

SEE_PAGES 448 49
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(e)

o~
+y
~

(g)

Be Loeation

The elevator flaps za:re interchangeable,
A small cover plate fTor access to the
elevator fleap contrcl rod is provided
near the leading edge on the upper sur-
fece of each elevator. A larger plate
for access to the flap control drum is
iocated near the leading edge cn the
lower side of the elevator.

D

The rudder, elevator and aileron flap
control cables are provided with fixed
stops which check the travel of the
cables when coming in contact with fair-
leads on the structure below the cargo
compartment floor.

A large cover plate for access to the
master bell cranx and the wing flap
mechanism is provided in the lower sur-
face of the center wing panel on the
centerline of the sirplane. Forward of
this plate is a smull cover plate pro-
vided for access to centrol cable pul-
leys. (See Figure 2, Page 1l.)

of Turnbuckles

l. Turnbuckles are provided in the control cables at the

following locations:

(a)

(b)

-

Rudder and Zlevator

(1) In the lower fuselage bay below
the cargo compesrtment accessible
through the floor panels. (At
the Servo Unit.)

(£) 1In the rear fuselage bay aft of
the baggage compartment.

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

Aileron

(1) 1In the lower fuselage bay below
the cargoc compartment accessible
through the floor panels. (At
the Servo Unit.)

(2) At the master bell crank access-
ible through the cover plate in
the lower surface of the wing on
the centerline of the airplane.

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

(¢) 4ileron, Kudder and Elevator Flaps

In the lower fuselage bay below
the cargo compartment accessible
through the floor panels; &lso

at this location are provided

ad justable links which allow for
teking up ceble slack when it is
greater than thet which may be
taken up by the turnbuckles. The
elevator flcp control cebles have
turnbuckles loczted in the reer
tail section for convenience in
disconnecting the cables. The ail-
eron flap control cables are
equipped with links &t the point
of connection of the center cnd
outer wing peancls.

C. Adjustment (Cable 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 17, Page 40.)

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) end (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 silerons end control columns in their
neutrel positions, adjust the turnbuckles for equal tension in

the cables. The proper movement is 30 degrces upward and 14
degrees downward.

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

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

(a) The neutral position of the flaps is deter-
mined by the alignment of their trailing
edges with those of the respective control
surfaces in which they are installed. The
neutral position of the pilots' control is
shown on their respective indisators. With
the flaps and controls in their neutral po-
sitions, adjust the turnbuckles for equal
tension in the respective cables, The stops
mentioned in Paragraph (f), Page 45, limit
the flaps to thelr proper movements, whieh
are as follows:

(1) Rudder - 12° either side of the
neutral position.

(2) Elevator = 12° either side of
the neutral position.

(3) Alleron - 12° either sl de of the
neutral position.

D. Wing Flaps

l. The airplane is provided with hydraulically controlled
wing flaps of the split trailing edge type, extending from ail-~
eron to aileron. These wing fleps are in four seetions, but are
integral and function as a single continuous unit. In operation,
these flaps have & domward movement of 45°, giving an increase

N 1irt ofogpproximately 35% with en inorease in drag of approx-
imately 300%. :

2. The wing flaps are attashed to the underside of the
wing by piano type hinges. A Lydreulie strut loocated in the
oenter wing panel has a piston and a longl tudinally acting eylin-
der mounted on rollers. Toggle rods are conneeted to both the
oylinder and piston, forming a variable parallelogram giving
equal ized motion. Push-pull rods are conmnseted to the exterior
points of the toggle rods, and these togile rods are eonnected
to turnbuckles on the wing flaps. Lengthening of the hydraulie
strut causes the push-pull rods % move inward, thus lowering
the wing flaps. The reverse eaction raises the wing flaps.

Revised 5-3-34
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FIG.20 VIEW OF WING

FLAPS
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IN FULL “DOWN” POSITION
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PAGE 49

238116 BRACKET | REQD:

AN2I0-1A PULLEY 2 REQD.
117425 -2D-019 SPACER | REQD.

WING AND AILERON FLAP

135726 -1 8-2 CABLE | EA. REQD.

155749 LINK 2 REQD.

CABLE AILERON FLAP
SEE PAGE 49a FIG.2

133302 ROD | REQD.
133303 ROD | REQD.

233324 -7 FLAP CONTROL ASSEM. | REQD.

133305 LINK | REQD.

534791 SUPPLY TANK | REQD.

REFER TO DOUGLAS DRWG. 533615

FOR HYDRAULIC FLAP CONTROLS

AND ATTACHING PARTS

CABLE AIL. CONTROL DRUM

SEE PAGE 444 FIG. 2

REFER TO DOUGLAS DRWG. 532075

FOR AILERON FLAP PARTS CONNECTED

WITH CONTROL PEDESTAL

231914 BRACKET | REQD.
AN2I0-2A PULLEY 2 REQD.

REFER TO SURFACE CONTROL DRWG.
530578

132497 BRACKET | REQD.
AN210-1A PULLEY 2 REQD.

REFER TO DOUGLAS DRWG 530578

CONTROLS
139147 BEARING | REQD.
142480 AUXILIARY BEARING | REQD. ’
REFER TO DOUGLAS DRWG. 538647 e __FLAP UP
FOR HYDRAULIC STRUT ASSEM. | /
AND ATTACHING PARTS _ | 45°DOWN

”

\\ I9TE.

iy > WING FLAP MOVEMENT

141644 &-4 TITEFLEX LINES | EA. REQD:

¥ UP.
. .4
215
‘ & FLAP NEUTRAL
HINGE ’ 2TE
REFER _TO INSTALLATION DOWN
SURFACE CONTROL DRWG. SRR

530578 AILERON FLAP MOVEMENT

138123 &-1 BRACKET | EA. REQD.
AN210-2A PULLEY 2 REQD.
117425-2D-020 SPACER 2 REQD.

‘ s : : ; \\ \SEE PAGE 492 FIG. |
140195 FAIRLEAD | REQD: o \\\ \\
135451 FAIRLEAD | REQD. \\
— 238753 RELIEF_VALVE | REQD. i
439039 4WAY VALVE | REQD.

< CABLE AIL. FLAP RH.&LH

137940 BRACKET | REQD. \/
133253 &-1 BRACKET | EA. REGD. # e i

AN210-IA PULLEY 2 REQD.
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FIG. |
NAME NOREQ.| A CLEVISES
AlL. FLAP RH.&LH. 2 336 | 133318
ELEV. FLAP RH&LH| 4 458 & | 133318

- NOTE:
LENGTH OF CABLES
INCLUDING PART
WRAPPED AROUND
DRUMS.
RUDDER FLAP=1345
AILERON FLAP=350
FIG.2
NAME NOREQ| A CLEVISES
RUDDER FLAP ! 616 = 133318 SEE PAGES 443849
AILERON FLAP | 120 133318
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3. A fluid supply tenk 1is located Jjust behind and above
the co-pilot's seat. (See Figure 40, Pege 91.) The Tluid used
is Loekxheed hydraulic brake fluid #5. On the left side of the
co-pllotts seat is a double-asting hydraulic pump. A four-way
control valve is loeated on the floor at the right side of the
pllot's seat. A relief valve is inserted in the wing flap hy-
draulie system to prevent lowering of the wing Ilaps when the
airspeed of the airplane is in excess of 100 miles per hour.
The high pressure line from the control valve has s tes connec-
tion %o the lower end of the valve and the low pressure line a
tee oonnection to the side of the v:lve. When lowering the wing
flaps, the high pressurse side 1s forward of the piston on the
hydraulic strut and the low pressure aide is behind the pisten.
These pressure conditions are reversed when the wing flaps are
raised. When the airspeed is greater than 100 miles per hour,
the beack pressure in the line built up by the air acting on the
wing flaps is great enough W ocause the valve, held in plaoce by
a sapring, to be pushed off its seat. This conneets the high
pressure line directly to the low pressure line allowing ths

fluld to by-pass through the valve without operating the hydraul-

ie strut. If, when operating the hydraulioc pump to lower the
wing flaps, the pressure does not build up in the system, the
fluid must be by-passing through the relief valve and would in-
dicate that the alrspeed is too great to lower the wing flaps.
NOTE: A plipe tee 1s located under the floor of the pilot's
compartment to permit instellation of a pressure gauge in the
wing flap hydraulic system, if so desired.

4. The hydraulic lines are of 1/2 0.D. x .035 normalized
chrome molybdenum steel tubing. In order to insure fluld tight
eonnections, the ends of the tubes are flared and reamed for
Parker fittings. All pipe plug fittings are tinned. Figue 0,
Pege 91, shows the hydreaulic system diagremmatically.

Lo« Wing Flap Indicating System

1. Attached to the forward end of the hydraulic strut oyl-
inder 1s a steel wire ocarried in a Bowdenite conduit, which is
connected to an indicator located on the instrument panel. Any
movement of the hydraulie strut eylinder is shown by an equiva-
lent horizontal movement of the indicating needle, recording
direotly the position of the wing flaps from neutral.

F. Operation of Wing Flaps

l. To lower wing flaps:

(a) Release button in handle of control vaive.

(b) Place handle in extreme forward position.

Revised 6-2-34
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(c)

(d)

d.. Touraise wing Fflaps:

e84

Operate hydraulic »u.ap until indicator
shows wing flaps full down.

EFEeturn handle of control valve to neu-
tral.

(a)

(b)
(c)

(a)

(e)

Release button in hesndle of control
valve.

Place handle in extreme rear position.

When in flight, the air pressure on

the wing flaps is sufficient to raise
them without necessitating the use of
the hand pump; 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.

When on the ground, it is necessary to
reise the wing fleps by means of the
hydraulic pump.

Keturn valve handle to neutral.

3., Electric Pump:

(a)

Besides the hand ooeratlnb hydraulic pump%ﬂm,n-furhea%

the a1 lan lf,furnl d w1tbyan_£3$$pse Qi ecH:)
B W AL IR e i e ] B

rlght hand side of the hand pump, back of

the co-pilot's seai. The pump is equipped
with a push button, located in the end of

the hand pump handle, which when pressed
makes a contact closing the circuit between
the solenoid switch, located in the cargo
compartment, end the battery. The sole-

noid switch completes the electrical circuit
between the battery and the motor which oper-
ates the hydraulic »ump. The box housing

the two 66L fuses hooked in parallel and

the electrical connections between the hat-
tery and the motor, is mounted on the forwerd
wall of the cargo compartment. This box also
contains two spare fuses. The solenoidswitch
is equipped with contact points of non-burning
materisl and the fuses for this switch are
located in the pilot's electrical fuse psanel.
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(b) A pressure switch located on the wall
behind the co-pilot's seat opens the
electrical circuit when the pressure in
the hydreulic system builds up in excess
of 300 pounds. The switch should be re-
set immediately after each time that it
is used.

(c¢) A "Striker"™ button is located on the wall
behind the co-pilot's seat for use should
the solenoid contects fail to bresk auto-
maticelly. By pressing the "Striker"™ but-
ton towerd the well the contact points of
the solenoid switch are forced open.

G. To Remove Wing Flaps:

l. With the flaps lowered, 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
maey then be removed with a downward pull.

H. To Remove Piston Unit From Hydraulic Pump:

-358=-

(The hydraulic pump is shown in Fig. 22, Page 52 and the
)dn.q//}zj gedr q’/zar:m'f/?/z_&’—ifdap Systenrt 1k [fig. o dee g/)

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. Unscrew stuffing box (large hex.).

5. To _replace packing on piston unit:

(a) Remove cotter pin.
(b) Take off retaining cup assembly.
(1) Replace old packing with Cup -
Hydraulic Packing - Douglas
Part No. 136848-6-024 (2 re-~
quired).

(¢) ERemove pin from piston rod spool and
remove spool.

(d) Take off stuffing box nuts.
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“_AILERON CONTROL

.*. MASTER BELL CRANK

ACCESS DOOR FOR
WING FLAP HYD-

RAULIC LINES

&N ¢ s dimy ,
FIG: 23 WING FLAP OPERATING STRYT & AILERON MASTER BELL CRANK
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(1) Replace packing of smaller nut
with Douglas Part No. 126221-3-7-13.

(2) Replace packing of larger nut
with Douglas Part No. 138€0l.

I. To Rerlace 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 reteining cup assembly on piston rod and secure
with cotter pin.

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

J. To Remove Wing Flap Operating Strut:

(See Figure 23, Page 54.)

1. Remove access plate, marked "Bell Crank Turnbuckle Zerk"
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
jigeed in placé 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) Replace washer packing with Douglas
Part #126221-3-12-18.

(b) Replace packing in base with Douglas
Part No. 135865-6G024C packing (3 re-
quired).

B. Unscrew bese from cylinder.

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

(a) Teke out cotter pin ana unscrew bear-
ing.

(b). Eemove spacers and packing (note ar-
rangement carefully).

(c}) Replace packing with Douglas Part
#135865-6G110C (4 required).

K. To Reassemble Wing Flap Operating Strut:

1. After packing has been replaced, screw bearing in place
and secuie with cotter pin.

2. Place piston unit in cylinder.

3. Fkeverse order and procedure from items 1 to 7 inclusive
under Paragraph J, Page 56.

L. To Adjust Wing Flap:

1l. Wwhen it is found necessary to replace or readjust the
wing flaps for any reason, care must o0e exercised to savoid
damage to the flap surfsasces and/or the control mechanism. The
following system for installing the viing flaps and adjusting them
properly has been developed at the factory and it has been found
to save considerable time,

2. Fill hydrasulic control system with fluid and operate
control strut seveizl times to eliminate all air from the system.
Connect the push-pulli control rods, in the wing, to the strut,
and make sure that the adjustments on the rods are all turned up
to make the rods as short 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 which have been drilled in the turn-
buckle barrels.,

4. Readjust the turnbuckles until the trailing edge of the
flap is 21 inches below the trailing edge of the wing. Under the
fuselage, the flap trailing edges may be sighted for alignment.

5. Adjust the push-pull control rods
until the turnbuckles are at a 75 degree

¢ i JH 08
angle between the control rod and the flap :___msa.-_" :
attaching point. This may be easily aoc- i ’,,,//”“";gq_
complished by using a metal template (see ,s-F~ 1]@%“

sketch), resting the teunplate on the flap -
spar just berind the turnbuckle barrel. s

Revised 1-2-35
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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.

7. When the push-pull rods have been adjusted so that all
flep surfaces have equal travel and the trailing edges are in
line, tighten each turnbuckle one full turn and pump flaps into
"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) Dvo 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.)

(¢) Set lock nuts on turnbuckles, safety turn-
buckle barrels and set lock nuts on push-
pull rods when adjustment is completed.

M. Warnings: Wing Flap:

1. Fasten all turnbuckles with safety wire.,

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

3. Use only specified fluid in the hydraulic system; nemely,
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

units to seize. Check fluid level in reservoir after bleeding
of lines.

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

N. To Bleed Wing Flap Hydraulic System:

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

Revised 1-2-35
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PAGE 583

LUBRICATION PILOT'S CONTROL
COLUMN

REMOVE COVER PLATE TO
GREASE CHAIN BOTH CONTROLS

A_

A o

ZERK GREASE THESE PLACE
BOTH CONTROLS

secTioNA-4

U
alm e

KEEP ALL CABLES WELL

GREASED _USE “NO_OXIDE’
GREASE

FIG.26
REFER TO DOUGLAS DRWG. ¥531857
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Seoction VIII, Automatic Pilot

Information on the
Automatie Pilot Installation to be added.
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SECTION IX
TAIL WHEEL

L. Description

1. The tail wheel is of the full swiveling type, but
is restrained in the tresiling position by a centering arm.
In addition, & letch which is operated from the control ped-
estal in the pilot's compartment, may be used if desired, to
lock the tsil wheel in the trailing nosition during takeoff

and landing.

2. A 17 x 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 housing is »art of & built-up tubulser
freme which is atteched to the structure to dempen out landing
and taxiing loads. Two cross cables attached to a collar at
the top of the spindle end attached to the structure by a flat
link, which is connected to the turnouckles by 3/8 inch dural
bolts, anchor the unit esgainst rotastive movement. NOTE: It is
importent in the event of replacing these bolts that dural
bolts of the same dimensions be used.

B. Shock Strut
(Figure 35, Page 74, shows the shock 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-
teins an orifice at the lower end. The outer cylinder has a me-
tering pin festened to it &t 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 es follows: When the air-
plene is in the air, the strut is in the extended position and
fluid is in the lower cylinder. As the wheel 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:

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

The strut is filled through the 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 correct
amount of fluid when the fluid comes to the
level of the filler plug, however, leakage
of the fluid to a level not more then 1/2
inch below this point will not materially af-
fect the characteristies of the strut.

5. Inflation of Strut:

4)

(b)

Air pressure of approximately 800 lbs./sq.in.
is required to inflate the strut under full
load. This may be obtained with the Bendix
Booster Air Pump (see Page 76) attached to a
pressure line of 80 pounds to 120 pounds. Ons
man with ordinary effort can most the pressure
to 1,000 pounds. If he cannot do this, there
is a leak somewhere in the line, the pump
valves or the connections.

Alr should be added until the distance from
the center of -the filler plug to the top of
the oylinder 1s 6 3/4 inches when the airplane
is fullyloaded, and 8 3/4 inches when the air-
plane is not loaded. For the first inflation,
the distance should be approximately 1/4 ineh
greater as moving the airplane will cause some
absorption of the air by the fluid. A varia-
tion of 1/4 inch either way for final reading
should not be considered of importance. Ad-
justment should be made with the airplane out
of the wind, without the sl ipstream of the
propeller and with the tail on the ground.
After the strut is once correctly adjusted,
read justments should not be made for minor
changes as this may be due to change in posi-
tion of the airplane, chenge of load, wind
action, packing friction, ete. Always cheek
only after the airplane has been correctly
loaded with tail down. Do not over-inflate
as hard taxiing and bounce will result.

6, Alr Valve:

(a)

The air valve is a spesoial Shrader rubber type
developed for this purpose. This valve functions
similarly to that of en automobile tire. The hex
cap provided with this type of valve s a soft
me tal seat to furnish a secondary seal. It should
bgl sorewed down tightly. The cores are replace-
able.

Revised 5-1-34
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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 gumming may result if it is allowed to reach
the packing rings.

7. Packing:

(a) The Johns-Manville Sez Ring Packing used in the
strut is an automatic adjusting type and should
be tightened down only enough to keep the pack-
ing from moving in the packing box, which is
the space between the piston and the packing nut.

-512-

8. DBooster Air Pump:

(a) The Bendix Booster Air Pump is & hand opereted
pump of small bore ana long stroke, which is
designed to boost moderately high alr pressure
to approximately ten to twelve times the in-
take pressure. The intake pressure is obtsai ned
by attaching the air chucxk of the ordinary high
pressure air line, or if this service is not
available, any reasonably good tire pump can be
used as an emergency source of supply by attach-
ing the hose to the intake side of the booster
pump .

(b) Operation of Pump:

(1) While atteching air line, hold pump
handle up to avoid the piston being
forced upward.

(

%)

) Do not tighten thumb screw on air
chuck of intake line more than is
necessary to acmit 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 drein any
water in the air line before attach-
ing to the pumn.

(5) Operate pump through full stroke.
C. Tail wheel Centering Arm
(Kefer to Figure 35a, Page 76a.)

1. Description

(a) The tail wheel centering arm assembly is mounted
et the top of the tail wheel column, with the



~S$/5- M4S Xoravo RZD-/

/09796 L/INA R RLYPZ

i /69798 LNk £ REPD g
"
H N
. ~'4g‘ﬁ-‘«‘-rf::«:::: = = e ——— = k
.,-;;;' L il b §
RUSCO RO NG | e
Yo e/t 10 R LUV P é_"’ ~—~—/69735 SPRING 3 $\ .
L RLPD / % S R’ 3
NS
———269 74/ BRACKELT § N
oy N
ped R %
N
d Q

AN R/O-3A PULLE)

RO9790 CALLL ASSEM.
AN F/C-FLL N/
/0994L0 £YE

/097895 L/INA 8 REQD

269729/ CABLE ASSEM
SE9IE/ £~/ _CHANNEL

REFER 7O DOUGLAS OWE * 36975/

-w—



=313~

(b)

(c)

{a)

-7

arms at right angles to the centerline of the
airplane. To a link at the end of easch arm,

is attached a "Kusco Aero Ring", 11/16 x 14 I.D.,
which leads rearward and is attached by means of

a lug to the stabilizer doubler on eech side of
the tail section. Sinilarly, two rings of the
same dimensions are asttached, 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.

The stabilizing effect of the centering arm as-
sembly is realized when the tail wheel reaches
the neutral position where the lugs on the cen-
tering dog 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 assemnbly to the centering arm
assembly. Due to the arrangement of the lugs

on the dog, the two assemblies are allowed to
couple only when the tail whecl reaches the neu-
trel position. Wwhen coupled, the teil wheel must
swivel appnroximately 35 degrees against the drag
of the "Aero rings™ before the dog is automatically
forced to disengage, and the tail wheel permitted
to swivel freely.

Automatic declutching 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
swiveling 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 centering arm is thus
free of the tail wheel, and sneps back into neutral
by action of the "Aero Kings", ready to be engaged
when the tail wheel again comes into the neutral
position.

The tail wheel centering arm may be declutched
manually by pulling down on the ceble 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-
tegeous when moving the airplane by hand.




2. Maintéemance

(a) Adjustment

(1) The are through which the tail
wheel must swivel before being
automatically declutched may be
adjusted to eny desired angle.

As the airplane leaves the fac-
tory, this angle is approximately
35 degrees. By loosening or tek-
ing uo the check nuts on the clevis
bolt of the declutching cable, the
arc may be respectively increased
or cecreased.

(2) The tension of the "Aero Rings™
should be kept equalized by ad-
justment on the turnbuckles on
each "Ring" cssembly. When the
tension is equelized, the center~
ing arms will be at right angles
to the centeiline of the airplane,
provided the tasil wheel is free
to swivel.

-91l4-

(b) Lubrication

(1) A Zerk fitting is provided in the
centering arm bearing.

(£) The declutching cable should be kept
vell grease® with "No-oxide"™ gresse.

D. FEkemoval of Tail Wheel Spindle
(See Figure 34, Page 73)

1. EKemove two bolts attaching czm plate and centering arm
assembly to spindle.

2. Lower spindle out of housing.

E. Adjustment of Spindle Bearing

1. EKemove retainer locking screw from cem 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. HKeplace retesiner locking screw. Should the screw not match
with a notch, the retainer may be bsckel up to the nearest notch.

F. ERemoval of Wheel from Fork

1., Detach nut from ead of axle,

2. Pull axle clear of wheel anid fork.
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ZERK GREASE

FILL SHOCK STRUT TO
FILLER PLUG LEVEL WITH
A MIXTURE OF THREE
PARTS CASTOR OIL AND
ONE _PART HIGH BOILING
ALCOHOL WHEN FULLY
COMPRESSED. LOCKHEED
HYDRAULIC BRAKE FLUID
¥5 MAY BE USED.
CAUTION: DO NOT USE
A MINERAL OIL.

NOTE:—

WHEEL AND SPINDLE BEARINGS
ARE PACKED WITH GREASE
ON ASSEMBLY

PAGE 79

ZERK GREASE

ZERK GREASE

RK _GREASE

LUBRICATION TAIL WHEEL

REFER_TO DOUGLAS DRWG.* 530548

FIG.37




SECTION X
LANDING GEAR

A. Description

l. General: The landing gear oonsists of two independ-
ent units; one mounted under each nacelle and so arranged
that they may be folded into the nacelles, leaving only the
bottoms of the wheels projecting. The descripticn of each of
these units is as follows: The wheel is mounted between two
oleo-pneumatic shook absorber struts which are solidly clamped
to the axle and connected together at their upper ends by rig-
id trusses. Attached to the axle at each side of the wheel is
a yoke type brace strut which runs yp and to the rear, hinging
just aft of the center spar to a double wing rib designed for
this purpose. The upper end of the shock absorber end wheel
assembly is hinged to a movable truss, rotative about its up-
per fittings whieh are attached to the front wing spar. A
hydreulie retracting strut is attached near the center of ‘this
rotative strut in such a manner that when the strut is retract-
ed 1t rotates the upper truss forward and up into the nacelle.
Since the shock absorber and wheel assembly is hinged to the
lower end of the upper truss, it 1s also pulled into the na-
celle. The wheel moves in an arc¢ having the rear fitting of
the brace strut as its center. When the gear is fully retract-
ed, the projecting ends of the axles fit in sockets built into
the sides of the nacelle and designed to take the weight of the
ai rplane if it should be applied on the gear when in the re-
tracted position. Because of this letter arrangement, the air-
Plene may be set down with the wheels retracted to lessen the

danger of nosing over if a forced landing on rough ground is
imminent.

2. Axles: The axles are of heat treated chrome molybden-
um steel Tubing and each is made in one piese. The axles are
interchangeable left and right.

3. Wheels: Bendix wheels mounting 42 x 15.00-16 tires
are used. (The Department of Commerce requires that these tires
be 10 ply.) Both wheels are made left hand style in order t
facilitate interchangeability on right emd left sides of the air-

plane. The proper air pressure for the tires is 40 pounds per
square ineh.

Revised 5-3=34
" 5=22-34
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4. Shoek Absorbers: (See Figure 39, Page 83.) The

shosk absorbing units are Bendix Pneudraulic shoeck struts.

There are two struts for each wheel. This strut is of the
telescoping type employing & combined pneumatic and hydraulie

strut including a rebound snubbing device. The pneumatic

chamber is above and the hydraulie chamber is below. Impaet

loads are absorbed by the flow of o0il through an orifioce,

which varies at different points in the stroke, and by the
compression of the air above the oil as the oil level rises. ‘
Texiing loads are absarbed largely by the ocompression of the

air as the velooity of the oill through the orifice is not ‘
sufficiently great to absarb much energy. Rebounds are re- ‘
dused by a snubbing device so set that the natural period of :
rebound of the tire may be elmost instently damped out by

another period of the strut eontrolled by the snubber.

(a)

(b)

Operation of Pneudraulic Shoek Strut:

After takeoff, the strut is completely
extended by the air pressure in the strut
whish is sufficient to seal the paeking
against leakage. Upon landing, the oil

is foroced through the orifice by the down-
ward movement of the piston into the upper
chamber, compressing the air above the oil
but passing freely through the flap valve
on the top of the snubber tube mounted a-
bove the orifice. As soon as the stroke
is completed, the compressed air temds to
force the o0il back, which closes the flap
valve and allows the o0il to be metered
slowly out through the small holes at the
bottom of the tube, thereby controlling
rebound. The size of these holes may be
varied to suit the rebound eharacterist-
ics desired.

Filling of Cylinder:

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

(2) The strut is filled through the
filler plug when the strut is
fully compressed and the airplane
is in three point landing position.
Fill the strut until the fluid
comes to the level of the filler
plug. A variation of the fluid
level to not more than 1/2 ineh
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below the filler plug level will
not materially affeot the operat-
ing characteristics of the strut.
Be positive that the filler plug
is tightened sufficiently to in-
sure an airtight connection under
high pressure.

(6) Inflation of Strut

(1)

(2)

Alr pressure of approximately 675
pounds per squeare inch is required
to inflate the strut under full
load. Tinis pressure may be obtain-
ed with the aid of the Bendix Boost-
er Pump (Instructions on the opera-
tion of the Booster pump will be
found on Page 85) attached to a
pressure line of 80 to 120 pounds
per square inch. In case the pres-
sure cannot be boosted to approxi-
mately 1000 pounds per square inch,
inspect all pump valves and oeonneo-
tions in the lines for leaks.

Air should be added until the dis-
teanee fram the center of 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 ineh
greater as some take-up will be
caused by absorption of the air by
the fluid. A variation of 1/4 inch
either way for final reading may be
tolerated. All adjustments should
be made with the airplsne in quiet
air and with the tail wheel and
landing gear wheels resting on the
same level horizontal plane. Re-ad-
Justments should not be made for
minor variations, such as change of
load, wind conditions, packing frioc-
tion,ete. Checking of adjustments
should be done anly after placing
airplane in proper loaded position.
Do not over-inflate as hard taxiing
and bouncing will result.

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

(1)

(2)

The air valve 1s a special Sechrader
rubber type developed for this pur-
pose. It is similar to that of an
automobile tire. The hex cap 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.

The valve core and seat around the
filler plug should be tested for
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 o0il as guming mey result

if the o0il reaches the packing rings.

(e) Booster Air Pump:

(1)

(2)

The Bendix Booster Air Pump 1is a
hand operated pump of smell bore

end long stroke, which 1s designed
to boost moderately high air pres-
sure to approximately ten to twelve
times the intake pressure. The in-
take pressure is obtained by attach-
ing the air chuck of an ordinary
high pressure line; or, if this
service is not available, any reas-
onably good tire pump can be used as
an emergengcy source of supply by at-
taching a hose to the inteke side of
the booster air pump.

Operation of Booster Pump:

a. While attaohing air line, hold
pump handle up to avoid having
piston forced upward.

b. Do not tighten thumb sorew on
air chuck of inteke line more
than is necessary to admit the
air without leakage.

Revised 5-3-34
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¢c. 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.

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

6. Bungee: The weight of and the cir drzg load on the
landing gear ere bzlanced by ¢ oungee consisting of eight loops
of 11/16 inch x 14 inch elestic shock cord, "Rusco" Aero Ring
(or equivalent), which has been tested to 1100 lbs. per square
inch with en ellowance of plus or minus 100 pounds at 100 per
cent elongation. This bungee is attached to a fitting connected
to the upper truss by a 5/16 inch diameter heet trested nickel
steel rod, and to e fitting in the recr section of the nacelle.
This prectice serves to reduce to a minimum the oil pressure
necessary to opercte the retrrcting mechanism. To facilitate
removal of the bungee shock cords for replacement or for dis-
assembly of the landing gear, ¢ special spre-der bar, =s shown
in Figure 39a, Page 87a, is necessary. The tool holds the loop
of shock cord extended end relicves the attaching fittings of
the tension locd.

7. To Remove Bungee Shock Cords:

(2) Enter nccelle £nd place spreasder bar
between yokes of bungee.

(b) Plecce lecnding gecr control valve in "up"
position cnd rrise lending gecr until
tension of shocxg cords is relieved from
lending gecr t£nd necelle cttechment points
and transferred to sprecder bar. Lock
londing gecr in "up"™ position, or prefer-
ably, provide ¢ support, such as a jack,
under lending ge:r cxle.

(c) Detech fittings from landing gecr and
nacelle, and trke fittings, shock cord
end sprecder bsr out as & 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 7,000 pounds pull
is necessary.

(e) Remove spreader bar,

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

8. EKetracting 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. O0il 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 retracting 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 retracted, 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.

; : Shown 1a Fig- 22 /:iﬂe\f-?,
10. Retracting Pump: The retracting pumpy is located 1in 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. Aefer co ~g.4o ~uage 9/

11. Retracting Lines: The retracting lines are 1/2 0.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 o0il 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. TFluid 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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£111 to the peteock level with Lockheed fluid #5. CAUTION:
Under no consideration use a mineral oil in this reservoir as
it will render the retracting strut inoperative at once by
causing the piston packing to swell and seize within the eylin-~
der. A sight gauge is provided to aid in determining the oon-
tents of the reservoir at all times.

13. Shut-off Valves: A hand operated globe valve is pro-
vided at The upper end of each retraoting strut. If these valves
are 6losed when the gear is fully extended the gesar will be held
in thet 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 position when the gear is to be operated.
Whenever these globe valves are ussd a tag should be attached to
the throttles so that the pilot will know before teking off that
he cannot retract the landing gear.

B. Indicating System

(Refer to ?age 13la for adjustment of landing gear warning
swi tches.

1. WARNING HORN:

A horn locatved on the bulkhead at the rear
o1 the co-pilot sounds whenever the throttle is
closed if one or both sides of the landing gear
are retracted, unlatched, or the control valve
handle is not in the neutral position. TLe horn ‘
is operated by three two-circuit switches in par- |
allel; one on each landing gear truss and one on
the control vealve.

2. WARNING LIGHTS:

The retracting pump valve handle in the pi-
lots® cockpit has a “wo-circuit switeh whish,
when the velve is in the neutral position, oper-
ates a green light. The switches on the upper
truss of the landing gear are in series with the
valve switch and must be ¢losed, by the wheels
being in the safe landing position, before the
green light will go "on". When the valve is not
in the neutral position, a red light will be "on"
in the panel to the right of the eleetrical panels.

3., PRESSURE GAUGE:

The pressure gauge located in the ocockpit
" indicates the presence or absence of fluid press-
ure acting on the retracting strut when in the ex-
tended position. (It recards the actual pressure
but this is unimportant. See Paragraph 3, Page

90.)
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4, Summary of Signal leanings:

(a)

(b)

(o)
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Green light and no horn at closed throttle
indicates both wheels in safe landing posi-
tion and control valve in neutral position.

Red light and horn at elosed throttle indi-
cates either one or both of the following
are not in oorreet position: control valve
not in neutral position and/or landing gear
not in safe landing position.

Red light and no horn (throttle not closed)
indicates wheels in retraoted position.
(Note: Control valve must be in neutral or
wheels will extend without indication.) The
control valve should always be re turned to
the neutral position upon comple ting any
land ing gear operation.

C. Operation of Retracting Gear:

(Refer to Figure 40, Page 91.)

l. To Retract:

(a)

(b)

(¢)

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

Operate pump until gear 1is retraoted.

The accumulation of pressure in the line
will be felt on the pump handle. After
the wheels have come up into place, a
hard push or pull on the pump handle will
insure that they are fully up against the
pillow blocks in the nacelle strueture.
If this 1s not done, the wheels may hang
alightly out of the naocelle.

Return eontrol valve tc neutral positi *
immediately. 7This wil. keap wneels y
retraoted. 1

2. To Extend:

(a)

(b)

Push ocontrol valve handle to "down" posi-
tion. If throttle is olosed, horn will
sound until wheels are in safe landing
position.

Operate pump until gear is fully down.
This will be indicated by the building |
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up of pressure in the system which may
be felt on the pump handle and shown on
gauge.

Return ocontrol valve to neutral posi-
tion. If wheels are latched in safe
landing position, horn will stop sound-
ing, red light will go "off" and green
light will go "on".

NOTE: Approximately 15 seconds are
required to extend the gear
end approximately 25 seconds
to retract.

3. To Land Without Latch Engaged:

(a)

(b)

The eirplane may be lended whether the
wheel latches are engaged or not pro-
vided the gear is fully down with the
fluid in the system under pressure. The
horn will ksep on sounding and the red
light will stay "on"™ as the lateh is
connected with the horn switoh.

The actual amount of pressure on the
-gauge is immaterial as the omly requi-
sites are that the system contain a full
column of fluid and that the control
val ve handle be moved to the neutral
position. Solid resistance felt on the
pump hendle when the gear is m11¥ down
indicates that there is sufficlent pres-
sure.

4., To Land Without Fluid Pressure:

(a)

The airplane may be landed with no pres-
sure maintained in the system provided
the latches are engeged. This will be
indi cated by the green light.

Revised 6-20-34
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D. Replacement of Pneudrsasulic Strut Packing:

(Refer to Figure 39, Page 83.)

l. To remove shogk strut:

(a)

(b)

(e)

Jack up airplane and support it on
wing Jjaocks.

Remove bolts from upper and lower
connecting points of strut.

Lift entire Pneudraulic strut out.

2, To disassemble Pneudraulie strut for repasking:

(a)

(b)

(o)
(d)

(e)

Loosen filler plug and drain out
fluid by campressing strut manu-
allye. .

Loosen set sorew in lower outside
cylinder locking nut,

Unscrew locking nut.

Pull lower chamber out, pulling
acking, spaecers and bushings.
Carefully note arrangement to

fecilitate reassembly.)

Replace old packing with Bendix
Part No. R-107-546B. This paek-
ing is an automatioc ad justing type
end should be tightened down only
enough to keep it from moving in
the packing box.

E. Replacement of Packing in Retracting Strut:

(See Figure 41, Page 92a.)

l. Support airplane on tripods.

2. Disconneot and plug both fluid lines.

3. CAUTION: Because of the tension in the bungee,

is importen

at a cable support be lashed between the rear

it

brace strut and upper truss before removing the retraoting

strut.

4. Remove attaching bolts from top and bottom of strut

and take strut out.

Revised 5-3=-34
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5. Piston:

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

(b) Pull out piston.
(¢) Remove cotter pin and unscrew nut.
(d) Remove o0ld packing and replace with

packing ring, Douglas Part #135865-
6G1l26C (4 required per strut).

6. Cylinder:
(a) Remove nut.

(b) EKemove old packing and replace with
Douglas Part #135865-6G1l16C (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. HKHemoval of Wheel

(Refer to Figures 42 and 43, Pages 95 and 96.)

1. Jeck 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 at chassis fork.
NOTE: When closing this valve, first loosen jam nut on side of
velve &s this nut, when screwed up, tends to lock valve control
hendle to prevent leakage. Then turn valve handle slowly.

3. Disconnect and plug breke fluid lines at their first
union connection above the brake. (This union is held to the
wheel fork by a clip.)

4. Disconnect both breke torque rods from their respective
torque arms &nd swing them upward and out of way.

Revised 12-8-34




( 5. Loosen bolt in axle clamp at lower end of both right
end left hand Pneudrailie struts.

6. Remove keys from slots. Cheok arrangement to faecili-
tate reassembly.

7. Pull entire wheel assembly forward and out.

NOTE: Do not reconnecet brake lines until
after wheel has been completely re-
installed, then open bleeder plug on
n*Y" valve and at seme time open valve
SLOWLY as this will allow air bubbles
in Iines below valve to rise and es-
cape. Continue bleeding until fluid
runs clear and free from air. When
bleeding process is complete, tighten
jem nut (mentioned in Paragraph H=-2,
Page 93) to prevent valve from leak-

ing.
I. Adjustment of Bearings

-62-

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

2. Slip other bearing end ring onto axle with male tit of
ring in keyway.

3. Screw on nut until bsarings hold wheel firm and snug
but not tight. (NOTE: Insert three or four machine sorews
into holes provided in nut. This will aid in screwing nut up.)

4. Check to see if brake drums and linings are lined up
properly. If they are not, it will be necessary to add spacers
outside the integral bearing until breke drums end linings are
in their proper position.

S, After wheel is properly set up, tighten the screws
around the nut untll they are snug, as these serews prevent the
nut from tuming.

6. Safety screws with wire.

J. Lubrication

(The Landing Gear Lubrication Chart is shown
in Figare 44, Page 97.)

l. Zerk fittings are provided at the following points:

Revised 6-15-34
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2.

(a)
(b)
(c)

(a)

Wheel

At both ends of the retracting strut.
Upper and lower ends of upper truss.

Both forks and upper end of rear brace
strut.

At each end of the forward bungee fit-
ting.

bearings are packed with Standard "BRB" grease.

Revised 5-31-34
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SECTION XX
BRAKE SYSTEM

A. General Description

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

1. The brakes are Bendix Hydreulic 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 braeke system is the
same 8s that used in the shock absorbers and retracting mechan-
ism; neamely, 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 located on the bulkhead at the
rear of the co-pilot's seat, furnishes the fluid for the hydraul-
ic system. The fluid passes from the supply taenk to the master
cylinder and then to the differentiating c¥linder. 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 5/8 inch 450 aeluminum tuoing. The hydraulic lines,
ad jacent to the brakes, are 21/32 inch 0.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
automaticelly maintains a constant volume
of fluid in the system, thus compensating for
any expansion or contraction of the fluid due
to temperature chenges, 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
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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

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,

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 beck or clear of the port with
the piston in "brake off" position.

A combination inlet and outlet check valve
in the head of the master cylinder is held
in place by a piston return spring. Wlen
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
forces the piston becx to the "off" posi-
tion against the stop.

Simultaneously, the wheel 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.

Should the volume of fluid thus returnecd 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 measter cylinder cup. This vacuum
causes the master piston cup to turn in at the
lip, and because the area, at the rear of the
master cup and forwerd of the secondary cup,
is filled with fluic under slight pressure
from the supply tank, sufficient fluid is al=-
lowed to by-pass into the master cylinder by
way of a series of small holes through the
piston. Any excess fluid introduced into the

Revised 10-25-34



-421-

«102~-

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.

2. 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).

3. To Remove Piston:

(see Figure 46, Page 100)

(a) Remove cylinder fron sirplane (See £ (a)
above) .

(b) Remove lock ring, "A", and stop, "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 ® 9 0 0 0060 ¢ 0 2 QO Ot 00N 0D Lockheed FODO
Piston Cup ® ® 8 0 0.0 0 8 0 00 PO O e P e e e e8P e e LOCKheedF.D.
Piston Keturn and Valve Retaining Spring ...... Lockheed F.C.
Valve ASSOMDLY cceocssccsssecssvceacscscscsasesve LOCKheed F.C,

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

1311
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(c)

near the stop at "full on".

It is evident that with the piston in the
"brake off" position (which is against the
stop on the end of the oylinder) that the
position of the opereting lever will vary
with each change of adjustment. It is with
this ad justment made for new lining that

the ceble length and take-up requirements

are determined for the lever operating cables.

C. Differentiating Cylinder

(See Figure 47, Page 103, and Figure 47a, Page 103a)

l. Description

(a)

(b)

(c)

(d)

The design of the differentiating cylinder
is such that both pistons are held against

a center spacer in & neutral position by

end retaining springs 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 7/8 inch each way from
the neutral position without requiring the
pistons to move, thereby causing no fluid to
be displaced by the differentisl pistons into
the brake lines.

Howeyer, when the master cylinder is operated,
fluid is forced equelly into the inlets of
both cylinders thus forcing both pistons out-
ward ageinst 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 up in the brake lines while
taeking 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 pedal is moved forward,
the bus cable is moved to the left, causing
the pistons also to move to the left, thus
closing the left velve and leaving the right
valve open. Due to the two different size
piston cups on each piston, and the two dif-
ferent aress occupied by the pistons, the
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cuter portion of the bore being larger
than the inner portion, the movement of
the pistons to the left causes fluid to be
forced from the right piston. The fluid
tends to flow bacg through the inlet valve
to the master cylinder and sround to the
left 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 brske cylinder.

The amount of fluid displacement and con-
sequently the pressure built up in the
breke cylinder depends on the amount of
forwerd movement of the respective rudder
pedal and master cylinder piston.

2. To kemove Differentiating Cylinder:

(see
(a)

2
4

Figure 45, Page 99)

Disconnect bus cebles from clevis ends,
break inlet and outlet oil lines at "B"
nuts, (4 places) and remove cylinder at-
taching bolts. Drop cylinder down to
cleer mounting chennel and remove endwise,

The procedure for the removel of the pis-
tons and the adjustment of the differen-
tiating cylinder which is given in Para-

graphs 3 and 4 below, applies to asirplanes
scrielly numbercd 1237 to 1256 inclusive,
201, 1303, 1305, 1317 and 13z4.

3. To Remove Pistons:

(see
(a)

(b)
(c)

()

Figure 47, Pege 103)

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",
(meking note of exact pin centers between clevis
eyes, which should be 14 3/8 .inches (See Para-
greph 4, Page 106) es this setting determines
amount of brake differentiating for a given pedal

travel).

Revised 10-25-34
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Remove two lock nuts from right end of vube,
"G", making note as tc nut location from end
of tube, (as this setting determines limits
of piston travel which effect availseble pres-
sure for braking).

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-sweest in replacing.

4. To Adjust Differentiating Cylinder:

(see
(a)

(b)

(c)

(a)

(e)

(1)

NOTE:

Figure 47, Page 103)

With cylinder held.in position as previously

explained in 7 (e) end being sure that meter-
ing pins are in place snd clear of the c¢ylin-
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 ageinst 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 1 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 prrocedure for the removal of pistons

and adjustment of the differentiating cyl-
inder, which is given in Paragraphs 5 and 6
below, applies to sirplanes serially numbered
1257 to 1261 inclusive, 1286 to 1300 inclus-
ive, 1302, 1304, 1306 to 1316 inclusive, 1318
to 1323 inclusive, end 13<5 to 1335 and sub-
sequent.
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5. To Remove Pistons:

(see Figure 47a, Page 103a)

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

(b) Ekemove spring cage, "A", and spring, “K",
from each end of cylinder.

(¢) Remove right clevis from 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 of 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 47a, 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 velve mechanism when reassembling to
insure proper functioning of the differ-
entiating cylinder; 1i.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 necessary
for assembling and "timing" the difieren-
tiating cylinder.

(b) Clean piston assemblies, "M", of any dust
particles, lubricate 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.

Revised 10-25-34
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(c) Use a specisl timings spacer similar to
regular spacer, "N", but 1 3/16 inch in
lensth. Slip spacer over right end of
tube, and assemble right piston assembly,
"M", over tube and into cylinder.

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

(e) 1Insert valve metering pins, "E", and rub-
ber cup springs, "H", into place. Lubri-
cate rubber cups, "0", with brake fluid
and work down over spnrings by means of a
blunt tool. Make sure that cups work
freely when in plsace.

(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.

(g) Push right piston assembly to extreme left,
and measure with a depth gauge the distance
of piston fram right end of cylinder. If
dimension is 1 1/4 inch, set gauge at 5/8
plus 3/32 inch lag ellowance. 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 working piston
and blowing into velve to determine when
velve 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
ad just right valve similar to procedure
given in paragraphs (g) and (h) above.

(j) When adjustment is complete, lock right
valve seat in place and scribe a line across
the top of the valve seat and seat cage.
Punch merk valve sest 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 seat assembly, remove metering
pin, remove nuts on right end of tube,
and remove right piston.

(1) Replace 1 3/16 inch timing spacer with
9/15 inch spacer, "N", assemble right
piston in cylinder and tighten nuts on
end of tube to original »osition by
use of markings.

(m) Install pin and seat assembly and lock
in original position by mecns of cali-
pers on centers described in (j), Page
1060b.

(n) Apply "Titeseal" compound to Porker “r'"

fittings 'and screw into inlet and outlet

ovenings.

(o) Assemble lock nut and clevis on one end
of rod, "F", insert through tube assembly
and assemble lock nut and clevis on otaer
end so as to allow 1 3/16 inch free end-
wise movement of rod and clevis assembly
within tube., With tlread engagement of
rod same in each clevis, and with clevis
ends aligned, lock clevises on roc.

(p) Install spring, "R", and cage, "A", at
each end of cvlinder ané¢ insert bolt
throurh lug. Draw up nut ané safety.
CAUTION: Do not tighten this bolt to
voint of causing piston to seize.

D. To Adjust Brakes:
1. Jack upn wheels.
2. Check wheel bearings for proper adjustment.

3. Loosen eccentric lock nut and turn eccentric in direc-
tion of wheel rotetion until wheel is locked in position. Back
off eccentric until wiieel just rotetes freely. Wit a close
fitting wrench, held eccentric in this position and tjghten lock
nut.

4, Uncover adjusting screw hole by rotating cover plate
and with screw driver turn notcliied wheel of edjusting screw away
from axle until brcke -drag is noticed when turning wheel by hand.
3ack off notchaed wieel until there is no brake drag. Replace
cover plate.

5. Check all connections for signs of oil leakage.
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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 & unit in
order to insure proper distribution of braking.

E. To Bleed Braeke System:

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 1lbs.

3. Open bleeder valves on brakes and allow fluid to és-
cape until it runs free and clear from air, (Approximately
3/4 gallon of f1-id should be allowed to run from each brake.)

4. Remove plugs in differentiasting cylinder and bleed
air out.

5. Close bleeder valves and disconnect pressure tank.
6. Reconnect supply line froa fluid reservoir.

NOTE: Any air-in the system above the master cylinder will be
released through the fluid supply tank vents.

kevised 10-25-34
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SECTION XII
POWER PLAKRT

A. Description

1. The aivclane is powered with two Wright Cyclone Model
SGE-1820-F-3 engines (geared 16:11, compression ratio 6.4:1,
impeller ratio 8.%:1). The accessories for cach engine include
four choke carburetor, conplete A.A. radio shielding, Eclipse
electric and direct cranking starters, Type E-160,; with shielded
booster coil, Eclipse engine-driven vaguun punp model M-2932-1A
and F-4 Romec fuel pump. In addition, one fifty ampere radio
generator is mounted on the left engine.

2. The engine nacelle is sc designed that the whole sec-
tion forward of the firewall may be handled as a quick-detach-
able unit, including engine mount, ensgine, cowling, propeller,
coriplete o0il system and all engine asccessories. These quick-
detachable complete engine installstions ere interchangeable,
right and left. However, in interchenzing them the radio gen-
erator with its conduits and attachins plug Dwust be put with
the unit on the left hand side of the airplane.

3. The conplete engine section is comprised of the follow-
ing major details; namely, engine, engine mount, oil systen,
outer ring cowl, inner cowl, collector ring with preheater and
valve, starter, and magneto retarding solenoid. The fuel sys-
tenm, engine controls, all electriczl wiring and the propeller
controls in the engine section ar¢ continuations of their res-
pective systems but remain integral with the engine section and
are quickly detachable at the firewsll. NOTE: The booster coil
is connected to the right nlagneto on each engine.

B. Qperatiﬁg Lizits

1. Aviation gasoline of 87 octane anti-knock rating is
specified by the engine manufacturer. 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.n.
at 9,500 feet. Under this rating the engine is not to be oper-

-ated beyond the following linits:

Manifold Pressure in
Inches of Mercury

1 R GRS ) PR 34.5 (not to exceed
one ninute)

Initial Climb ® ® & &0 0B 00 0 8 31.5

Normal Climb or
LoVel BEIERT s asadenavs can 30.
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C. To Remove

Engine Secotion:

1. Eaoch engine seotion can be removed completely as

follows:

(a)

(b)

(o)

(d)

(e)

()

(g)

(h)

Remove all hose connections from
front side of firewall group fit-

ting.

Disconnect all electrical wiring
by unscrewing lock nuts and pull-
ing Cannon plugs. CAUTION: As the
ignition is grounded through the
plug on the firewall, removal of
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.

Disconnect throttle, mixture, pre-
heater and propeller controls by
ramoving pins from the respective
levers at the jackshaft on the front
face of firewall.

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

Unserew the four bolts which hold the
main structural frame work, but do

not take them out. (Approximately

4 1/2 turns are required to free them.)

Remove the lower bolts and make a fin-
al cheock to be sure everything is clear
and the chain hoist tight.

Remove the two upper bolts and swing
the engine section forward about four
inches to clear the exhaust stack and
then hoist.

When installing the engine section,
care must be exercised in setting up
the exhaust pipe universal joint in
order to insure ample room for expan-
sion of the exhaust pipe and movement
of the engine. This requires oclsarance
for approximately 1/2 inch movement
either way in the slip joint of the
universal.

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

l. The anti-drag ring is interchangeable for right and
left engines. The ring is made in three segments, which are
connected by toggle locks and guide pins and bound together
by two cables. The cable on the inside of the ring passes
through a series of clips and runs around in front of the e¢yl-
inder heads. The other cable rests in a groove around the
outside of the ring at the rear of the cylinder heads.

2. To install the ring:

(a) Place the top segment in position.
(b) Place other two segments in position.

(e¢) Close all toggle locks and place saf-
ety pins into place.

(d) Install the cables and lock with
turmmbuckles.
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FPig. 48 -« Front Face of Firewall Ready for
Engine Installation and Complete
Engine Section Ready to be Attached

(Photo to be added)
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SECTION XIIT
PROPELLERS

A. Description

1. Hamilton Standard, three bladed, hydro-contrcllable
propellers (Diesmeter 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 any given percent power is
a maximum,

2. The propellei pitch control lever is mounted on the
front face of the. control pedestal nesr 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 "down” position the pro-
pellers are in the low pitch position (25 degrees). The base
setting is 34 degrees.

3. The control lever operates a drum, in the control ped-
estal, to which cables are attsched. The cables to each nacelle
follow the same route along the front spar as the engine control
cables (Figure 53, Page 124, shows the engine controls diagram-
matically). At the rear face of the firewell within the nacells
the cables attach to a small jackshaft which extends through the
right side of the firewall where a section of Arens flexible con-
trol attaches to the jacksheft lever. The Arens control runs to
the left side of the nacelle and forward through an intercylinder
baffle to the engine gear case where it attaches to the propeller
control valve.

4. The engine oil pressure is used only to move the blades
into the low pitch position. Whea the oil pressure is released
the blades are rotated to the high pitch position by centrifu-
gal action of the counterweights ttached to the blades at the
hub.

5. The propellers can be usez in two positions only, full
low pitch and full high pitch. They cannot be controlled indi-
vidually. The control lever handie should be in either the ex-
treme "down" position or the extreme "unp"™ position. No inter-
mediate positions will correspond to asny intermediate pitch but
will merely ellow the oil to ieak into or out of the controlling
cylinder.

6. Wwhenever the propeller is off, the end of the shaft
should be kept closed by means of the cap provided.

Kevised 10-284-34
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SECTION XIV
FUEL SYSTEM

A. Description

1.

-411-

General

8.

The fuel system consists essentially of two
mein tenks, two auxiliary tarks, G-2 tank
selector valve, webble pump with an integ-
ral relief valve, E-2 engine salector valve,
two -2 streiners, two C--3 Dy-pcass and
relief valves, two F-4 Rcme: crgine-driven
punps and the necessary linss eand fittings.

b. The diagram shown on Page 114 shows the fuel
cireculating system, including lines, valves,
cocks., geuges, pumps, sStrainers, etc., and
gives information as to the sizés of the lines
and the relative location of all parts.

Lines

@. All fuel lines, except those in the engine
section of less then 3/8 inch diemeter, which
are of copper, are made of 4S0 aluminum alloy
tubing.

"b. For information regarding the size of the
various lines, refer to Figure 50, Page 114.
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 interconnected by a line having a check
valve thet allows the fuel to flow from the
right to left tank only; hence, a supply line
from the left euxiliary tank only is necessary.)
The main fuel line thea runs forward to the bot-
tom of the wabble pump. The flow is then through
the wabble pump with its integral by-paess valve
and up to an E-2 engine selector valve, which is
attached directly to the webble pump by a close
nipple. From this velve the lines run to their
respective engine necelles. The line to the
right engine crosses over to the right side of
the necelle and then forward to the C-2 streiner.

Revised 10-25-34
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The outlet from the strainer is connected %0
the supply line by a tee at the C-3 by-pass
and relief valve outlet marked "engine pump"”.
This supply line attaches to the firewall
fitting and then runs forward to the suction
side of the F-4 Romeos engine-driven pump. A
| tee loeated in the pressure outlet of the en-
gine-driven pump conneets & supply line, whiach
I runs verticelly to the carburetor and a ralief
! line for the excess fuel, which runs back to a
e separate fitting on the firewall and aft to
' the C=2 unit outlet merked "relief". The line
to the left engine runs forward along the right
8ide of the left nacells to the strainer, and
from there forward the installations are iden-
| tical in each naselle.

[ 4, Locations of Valves, Wabble Pump and Strainers:

; a. G-2 Tank Seleotor Valve - aft of cemnter spar

\ on centerline of airplane and accessidle

l through a movable structure plate on lower
surface of wing.

‘ b. Wabble Pump - forward of front spar at left

| of centerline of airplane and aecessible
through hinged doors in lower surface of cen-
ter wing panel.

6. E«2 Engine Selector Valve - attached direetly
to wabble pump.

d. C-2 Strainer - mounted aft of firewall in en-~
gine nacelle (both left and right) and access-
ible through bottom of nacelle.

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

S, Fuel Valve end Wabble Pump Con trols:

a. The controls for the fuel velves are mounted
on the control pedestal. The left control is
for the selection of tanks end the right ocon-
trod for the engine selection. These handles
oontrol the valves through a system of drums
and cables, a flexible sonneetion being plased
between the final driving drum and each valve.
The wabble pump handle 1s loecated to the right
and behind the pilot's seat and is piwvoted to
swing outward 45 degrees so that it may &l so
be used by the co-pilot.

Revised 6-1-34
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Engine Primer

8.

Fuel

The engine primer is located on the right
wall of the pilots' compartment just aft

of the instrument panel. The primer takes
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.

Pressure

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 branch 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 warning lights on the instru-
ment panel. WARNING: The fuel pressure,
as read on the instrument panel, does not
directly .correspond to the fuel pressure

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 p»ounds,

Tanks

8.

The tanks are constructed of 3S aluminum men-
ganese shell with internal baffles of alumin-
um alloy riveted to the shell. Each main tank
and the left auxilieary tenk have electric fuel
gauges, which may be removed through the at-
taching flange at the top of the tanks. Each
tank is provided with & water collecting sump
and a Weatherhead cock for frequent dreining.

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 upper wing skin, prevents the over-
flow geas from running down into the fuel tank
compartment.

The fuel tank compartments are so vented that
the air flow through them is diagonal from
bottom to top and from centerline outboard.
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Lir enters through holes around the Weather-~
head drain cocks in the bottom surface of
the center wing penel znd goes out through
"clamshells" on ton of the center win, near
the filler necks.

The total fuel capacity is 510 U.S. ¢ellons,
divided as follows:

LeTt Main TEDE csessvsnaass 180 gal.
Right Main TaDK c.evsncsesrs 380 gnl,
Balt fuxiliery Toanlts oiaetes. 10 ol
Right Auxiliary Tenk e.... 75 gal,

B. Maintenance

1. To Remove Main Fuel Tank (either left or richt):

8.

b.

Je

Remove top »nlate from around filler neck
allowing rubber gsasket to remain with tank.

Disconnect vent at to» of tank, working
through insnection door in wing-to-~-fuselage
fillet.

Remove bottom nlatines from wings center sec-
tion under tank.

Disconnect electrical bonding at rear of
tank.

Disconnect dunp valve operating mechanism.
Remove plate from under G-2 valve,

Remove line which connects G-2 valve with
tank.

Reach through hand hole just forward of
tank and disconnect electric fuel gauge
wires at terminal block.

Reach inside front part of tank compartment
and unscrew collar on flexible conduit for
fuel gauge wires and »ull conduit and
wires out.

Unscrew turnbuckles in tank suv»ort straps
and dro» tank downwerd.

2. To Remove Left Auxiliary Tsank:

8o

Remove to» nlate around filler neck, allow-
ing rubber gasket to remain with tank.

-118~



S

-394~

4.

b. KRelease vent at top through inspection door
in wing-to-fuselage fillet,

c. EKemove wing plating from under tank.

d. Kkeach 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.

€. Unscrew turnbuckles in tank support straps
and drop tank downwerd.

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.

To Repair Tanks:

a, The tanks may be repaired by welding.
To Fill Tanks:

8. The left fuel tanks may be filled at the
filler necks located on top of the center
wing between the nacelle and fuselage, and
the right tanks at & corresponding position
on the right side of the fuselage. Because
of the check valve in the interconnecting
line between the auxiliary tanks, it is nec-
essary that the left auxiliary tank be filled
first.

To Remove Electric Fuel Gsuges:

a., Remove hand hole cover in wing fillet.

b. Reach through fillet and hole provided in
top surface of center section and unscrew
gauge rheostat.

Inspection and Miscellanecus Maintenance Items:

a. Make a daily examination of the entire sys-
tem for leaks.

b. Clean strainers before each flight.
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Drein lines and tanks through Weatherhead
cocks located in sumps of each tank.

Drein sumps daily to pass off accumulated
water snd sediment.

Air blow the entire system at time of ecch
engine overhaul.

Remove &nd anneal all fuel lines after each
1000 hours of flight to counteract the hard-
ening due to vibretion.

Inspect system daily for worn or damaged
parts, corrosion and abrasions to paint.

CAUTION: Aluminum alloy threaded parts
will seize and gell when threaded together
with pressure. This is particularly true
when fuel line fittings are assembled with
pressure for permeanent tight makeup. All
aluminum alloy parts, contacting under
pressure seize and gsll particularly when
in contact with or moistened by gasoline
without other lubricent. Do not assemble
eluminum 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 greesy, non-fluid,
smooth spreading consistency.

-118b~
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SECTION XV
OIL SYSTZM

A. Descoription

1. General

a-

The schematic diagrem, Figure 52, Page
120, shows the oil circuleting system,
including information as to the sizes

of the lines and reletive positions of
the various parts.

All units of the oil system are inter-
chargeable between the right and left
engire sections. The comrlete oil sys-
tem for each engine, with the exception
of the oil pressure line, 1is contained
in the engine section.

All lines oli the oil system in the en-
gine secction, except the portion of the
pressure line forward of the firewall,
which is copper, are 4S0 aluminum alloy
and sre annealed after forming.

2+« Tanks

a.

The oil tanks are constructed of 3S half
hard aluminum alloy sheet with internal
baffles 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.

-119-
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P - TIZPIC D

PAGE 120

REGULATOR TO TANK -
|” DIA.

OIL PRESSURE
PUMP TO PILOT'S
INSTRUMENT PANEL
i— DIA.

CRANK CASE

PRESSURE BY

PASS VALVE

OIL_PUMP

GAUGE ROD

FILLER CAP

VENT 37 DIA.
K CASE TO FOAMING SPACE

DRAIN VALVE TO PUMP

1" DIA.

OIL TANK
CAPACITY 19 U.S.GALS.

REGULATOR

REFER TO DOUGLAS DRWG. ¥542367

\‘ib
OlL TEMPERATURE —— b

FOAMING SPACE 2 U.S.GAL'S.

TANK TO DRAIN VALVE I'DIA.

LUNKENHEIMER TYPE ‘Y™ |”
DRAIN VALVE

DRAIN I DIA.

PUMP _TO REGULATOR
" DIA.

SHUTTER

FIG.52 OIL SYSTEM DIAGRAM

LEvis s

2-,/- 94
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3.

4.

F1lov

(o)
.

Each tank is vented to its respective
crankcase through the fitting at the
left oi the inlet conuection.

The oil tesnks, which mey be filled from
the top of the necelles, have a capacity
of 19 U.S. gellons each to the filler
neck, allowing two gzllons for foaming
spuce. (Note: As the Department of
Commerce requires only one gzllon of oil
for ecech 15 gallons of rsrsoline, the
tanks may, if desired, oe filled accord-
ingly to gein pey losd zdventuge.)

A sounding rod (T.W.A. type) is carried
within 2 sleeve in eachk tank to elimin-
tte foam &nd give a correct reading.
The rod is located neer the tunk filler
neck.

From the tenks, the oil flows down to the
0il pump through a drecin velve which may

be used to drain the eatire system except
for the engine sumps gnd o0il coolers. The
oil outlet from the engine runs down to

the right side of the oil c¢ooler which is
mounted in a vertical position inside the
engine section. The flow is then throush
the cooler snd oubt the unper 1fitting, on
the serie side, whiclh is counected by tub-
ing to the dilet Titbin  on the rizhi front
of the oil tenk. In cese the oil becomes
congeeled or due to some obstructicn in .the
cooler, the by-pass and relief vealve will
by~-pass the 0il throuch the mui'f as coon as
the pressure builds up to £& pounds pez
square inch. The valve has a fixed setting
and requires no adjustaent.

0il Cooler

a'

~

= ¢
B0

.Tvo United Aircraft Products 8 inch
are used (one in each nacelle, incte
8 verticel position.)

@ O

O P
@
B 16

e S ()

kevised 11-27-%4
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0il temperature control is accomplished by
shutters on the bottoms of the coolers.
These shutters are controlled menusglly by
levers loceted on the control pedestal.

Two drain plugs ere provided in eash cooler
for dreining the entire system. One plug
is in the lower right fitting and the other
in the rear of the cooler near the bo ttom.

Pressure Line

The oil pressure is teken directly from
the engcine through a 1/4 inch line whioh
at taches to both the engine mount and

the firewall fitting by hose connections.
From the fireweall, the line leads to the
instrument panel where it is at tached to
the pressure indicator by oil proof rub-
ber tubing. The pressure line is of 4SO
aluminum manganese magnesium with the ex-
ception of the portion forward of the fire-
wall, wbich 1is copper. If it beoomes nec-
essary at any time to disconneot the oil
pressure, it 1s negessary that the press-
ure line be filled at the indicator con-
nection with e light engine oil (S.i.2.
#10) before reconnecting. All oil and
vent lines in the engine section are con-
nected by hose eouplings. The oil pres-
sure line fltting in the engine is re-
stricted to a number 50 drill size hole
to prevent immediate .loss of oil pressure
in the event of a pressure gauge line
feilure.

B. Maintenance

l. To Remove Tanks:

a.
b.
e.

d.

Remove engine section cowling.
Disconneect and plug all attaching lines.
Detach bonding strip.

Disconnect tank retaining straps at
turnbuckles.

Revised 6-1-34

-122-



-122a-

e, Lift tank straight up through top of
engine seotion.

2. To Repair Tanks:
The tanks may be repaired by welding.

3. Inspection and Liiseellaneous l{aintenanece Items

&, Inspeot entire system weekly for leaks
end correet operation of pumps and re-
lief valves.

b. Clean oil strainers after every 25 hours'
service,

6. To drain oil system:

(1) Drain oil tank and lines
through eock attached to
engine at left side of
naeelle.

(2) Drain cooler by removing
plug from the side of
oooler and line.

(3) Drain ocrank ease through
plug conneotion provided
on engine sump, removing
soreen for this operation.

d. Inspeot system daily for worn or demaged
parts, carrosion and abrasions to paint.
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SECTION XVI
ENGINE CONTEROLS

A. Description

(The engine controls are shown diagrammatically in
Figure 53, Page 124.)

1. All of the engine control levers are located on the
control pedestal in the pilots' compartment. The arrangenent
of the levers is shown in Figure £3, Page 124. From the han-
dles, cables of 3/52 x 7 x 7 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 jeckxshaft to which they are at-
tached by means of turnbuckles. Forward of the firewall, all
engine controls are of the Arens type on airplanes serially
numbered 1237 to 1256 inclusive, 1301, 1303, 1305, 1317 and
1324. On airplanes serially numbered 1257 to 1261 inclusive,
1286 to 1300 inclusive, 1302, 1304, 1306 to 1316 inclusive,
1318 to 1323 irnclusive, 1325 to 1335 inclusive, and subsequent,
all engine controls forward of the 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 reinstasllation, to solder a thread line to the end
of the cable being removed. Adjustments of the cables may be
made &t the turnbuckles rearward ol the firewall. Further ad-
justments of the system may be mesde on the Arens control ends
and push-pull rod ends.

B. Maintenance

l. The jackshaft bearings and push-pull rod ends should
be kept well lubricated. Use & thin lubricant frequently on
the Arens controls.

2. Worn or dameged cables or bearings should be replsaced.

kevised 1l1-28-34
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SECTION XVII
ELECTRICAL INSTALLATION

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 are the following:

(a) Three rheostats; one for the airspeed
indicator light, one for the compass
light end 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 switch.

(k) Instrument lights switch.

() Instrument control light switch.

3. Located on the right panel are the following:

(a) Generator field control switch.

(b) Main line switeh,

(c) starter button.

(@) Starter selective switch.

(e) Volt-ammeter.
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(f) The fuse panel contains the following fuses:

(1) Landing gear oil pump solenoid -
10 amperes.

(2) Landing gear signal light -
O amperes.

(3) Heat control motor - 5 amperes.
(4) Fuel pressure werning - 5 amperes.
(5) Instrument lights - & amperes.

(6) Electrical panel lights -
S amperes.

(7) Instrument control - 5 amperes.

(8) Landing light solenoid, R.H, -
10 amperes.

(9) Landing gear signal horn -
10 amperes.

(10) Red warning light in wing -
10 amperes.

(11) Running lights - 10 amperes.

(12) Cabin resding lights - 10 amperes.
(13) Dome lights - 10 amperes.

(14) Pitot head hester - 10 amperes.

(15) Landing light solenoid, L.H, =
10 amperes.

B. Ignition System

1. The ignition system consists of a switch unit which
incorporates a master switch and two ignition switches, one
for each engine. A conductor runs from each magneto on each
engine to this ignition switch unit. The structure is used
as the return.

2. A warning sign located on the front of each fireshield
is marked "DANGERK-WITH IGNITION PLUG QUT, 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 ageinst pulling the pro-
peller through if the engine is wesrm end the ignition plug is
out.
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€. Starting Systiem

1. The starting system consists 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 necelle.

D. Generator System

l. 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 electrical panel; thence through the master switch
to the battery.

E. Landing Lights

l. 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 & 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 normel flying position. The
right wing light is adjusted to project & beam of light on the
ground 300 feet in front of the nose of the airplane on the cen-
terline of the left wheel when the sirplene is in the normsl land-
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.

S. To replace a bulb, open the small door in the top of each
wing panel above the lights, and insert bulb in light.

F. Running and Warning Lights

l. 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 pleced 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.
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3. The rear bagcsge compartment has a dome light controlled
by three-way switches placed at the dome light and side door.

4, The lavatory compartment dome light is controlled by a
switch near the lavatory door. A »ush button beside the switch
operates the co-pilot signel light on the electrical instrument

panel.,

5. The buffet light and switch are located in the upper
right 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.

7. The fourteen individual reading lishts are located in
ducts along the sides of the cabin. The control switches and
co-pilot's and steward'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 passageway.

10. The instrument lights &are 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 duct. Both the button and the
buzzer are connected in series with the co-pilot's signal light
and call button and all passenger cell buttons. It is suggested
that a code be arranged to allow the steward 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
will remain operative.)

H. Radio Supply

1. Positive and negative leads are carried from the master
switch junctionp 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, loceted just below the red light.
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2. The retrecting pump valve hendle in the pilot's cockpiT
has a two-circuit switch which, when the valve is in the neutral
pcsition, operates a green light. There are similar two-circuit
switches on the upper truss of the landing gear which are in
series with the valve switch and must be closed, by the wheels be-
ing in the ssfe landing position, before the green light will go
"on". When the valve is not in the neutral position, & red light
will be "on" 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 geer truss end one on the control valve. The horn sounds
whenever the throttle is closed if one or both sides of the land-
ing gear sare retrscted, unlatched, or the valve is not in the neu-
trel position. Refer to Page 13le for adjustment of landing geer
warning switches.

4. A careful study of Figure 54a, Page 130a, is recommended.

J. Pitot Static Tube Heater Warning Light

1. The pitot static tube heater warning light is amber
colored and is located in the upper right hand corner of the
warning light box located on the main instrument panel.

K. Exterior Doors Closing Werning Light

1. In the lower right hand corner of the warning light box,
located on the main instrument panel, is the door warning light.
This light remains illuminated until all exterior doors are
properly closed.

L. Electrical Instruments

1. The oil tempereture indicators, ice warning indicator,
and fuel pressure giuges 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 switches 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 loceted 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 be lowercd until the battery 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
bettery 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 resr plug is positive. The bat-
tery master switch should always be "off" before 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

l. 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 for disassembly are necessary.

0. Cannon Plugs

Cannon plugs are mounted at the following places:

l. 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 following are quantities and types of light bulbs

used:
Location Quantity Mazda No.
Running
BIBE I s vain s 2 ud it e s vineivintn 4 90
TR w0 55 5 hoh s 4 5w Sumialn e T 1 93
Instrument Panel
COBIMERE . & o s s a0 5a nalinhhy s ko b s wnwtsns 1 (Switchboard
Type)
PLAOGAGEIN oiv 6 6w o ealone s e e ot 1 67
Fuel Bressure WarniBl: «ioe«c.ies Ghe & 68
Landing Gear Warning ..... & hllevi Ak iave < 68
DooP "CROSEING VLaTninE: .o s sisedas 1 68
Pitot Static Tube Hester Warning . 1 68
Switch Panel
Pilot's Compartment Lights ....... 6 67
Cabiin Reading LIghSE .scnssiinann 14 89
DORE LIBNY cosinavnnsiorisssassbes 7 93
Buffet Lights P00 00 e 00t 000000 aceavse l 89
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Location Quantity Mazda No.

Landing Lights .ccecccccceococcecrasns 2 Purchased from
Pyle-National
Light Co. Under
Americen Air-
lines Specifica-

tions.
WEEDINE LLBNHT o e seinn camin e s s et s 5 1143
Cabin-Seat-Belt Signal Light ........ 4 67
Cabin Dome Light (Re@r) cecececsvcens 1 67

Q. Maintenance

l. Battery: Both male and femele 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 lock wires which hold battery
. door closed.

(b) Pull release handle locking pin out.

(c) Pull release handle and battery plat-
form streight down until catch on rear
slide tube engages. Note: It is im-
portent that safety catch be engaged
before removing bettery es platform is
spring loaded.

(d) Loosen battery clamps end lift battery
off pletform.

(e) Place new battery on pletform end tighten
clanps.

(f) Hold battery platform down end relecse
safety catch, then push plctform up cnd
insert locking pin.

3. To Adjust Landing Gear Warning Switches

(a) Warning 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 packing nut
to underside of cam is 5?4 of
&N lnch .

(2) From this setting adjust cam
locknuts so as to give signal
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simultaneously on ecech side of
landing gear. To do this it
.11l be necessary to hoist air-
plane and onerate 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 locking key as indicated in
the sketch below.

_’i"_§

|

/rﬁ|//ﬂ_LOCKING KEY (Latch Piston)

/ k~h~——m-l/16" additional upward movement, red light to go on.
\| -<———w5/52" upward movement, green light to go out.

o Locking key in full down position, green light to go on.
!

'MM\,*JV

4. Maintenance of Landing Gear Latch Switch

(a) The landing gesr letch switch, which operates the
lending gear warnine signal, is located on the
rear wall of the necelle. Operation of this latch
is explained in Parasgraph 9, Page 87. The spring
ind 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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