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MAINTENANCE AND SERVICE MANUAL
Boeing Model 247

FOREWORD

The contents of this manual are offered to assist in
the proper operation, maintenance, and inspection of Boeing
Model 247 transport airplanes. The manual is prepared in
loose leaf form so that additional changes, revisions, and/or
additional data may be inserted without difficulty.

Since it is probable that these airplanes will be oper-
ated for the most part over established airways, and main-
tained by personnel experienced in the up-keep and mainten-
ance of aircraft, we have refrained from going into lengthy
details covering service methods, shop practices, and in-
snection procedures. The development of these airplanes
was based, for the most part, on service reports submitted
and experiences gained by operators of Boeing-built airplanes.

The purpose of the manual is to acquaint operations, re-
pair and overhaul personnel with the general construction
features and details of the Model 247. Many features of
this airplane are relatively new to the industry and a brief
descriptive resume of them will materially assist those charg-
ed with their successful operation. The useful life and re-
liability of any piece of mechanical apparatus depends upon
the care it receives in order that it may function properly.
This is especially true of aircraft and accessories of new
design.

It is the aim and desire of the Boeing Airplane Company
to deliver to its customers airplanes of proven airworthiness,
designed and built to exacting specifications, properly test-
ed and adjusted to give the utmost in safe and satisfactory
performance., To meet the increasing demands placed upon the
airplane as a means of transportation, close liaison between
the operator and manufacturer is absolutely essential. 1In
only this manner is the designer and manufacturer able to
appreciate the service and maintenance problems encountered.
To this end, we have employed for the past several years an
"Unsatisfactory Performance Summary Chart", described herein,
Section XIV. The data submitted by operators on these charts
in the past has been of material assistance. Your cooperation
in this regard is earnestly requested. In addition to the
diagrams, and drawings forming a part of this manual, references
are made to engineering documents and assembly drawings. Prints
of these for use at Operations Headquarters and Overhaul and
repair Depots will be furnished on request.
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SECTION I
GENERAL INFORMATION

1. Specification.- The following data are listed for the
information of those concerned:

Designation Boeing Model 247
Approved Type Certificate No., 500
Seating Capacity Crew 3; Passengers 10
Overall Span 74r O

" Length 51' 5"

" Height (incl.radio mast) 16* 0" (maximum)
Wing Loading (full load) 15.1 ‘1bs. /og.Lt.
Power Loading (full load) 11.5 1lbs./H.P.
Total Wing Area (incl. ailerons) B36 sg.t.
Ming Chord at Root 15
Wing Section Boeing 106 tapered
Incidence §: 5"
Sweepback - Front spar perpendicular to centerline of fuselage
Ailerons - Chord L8

45 - Area, incl. balance 60.8 sq.ft.
Horizontal Stabilizer Area o8B aq. T

t " Span 200"
Vertical Stabilizer Area ' 17.6 sq.rt.
Elevators - Area 58.9 sq.Tt.,
Rudder - Area o B T 9 L i
Longitudinal Trim Ad justment Trailing flap on elevator
Directional Trim Adjustment i " % Pudder
Lateral Trim Ad justment i " * left aileron
Landing Gear Tread 177 B
Cabin Dimensions Approx. 6* high; 5' wide; 18' long
Cargo Compartments Approx. 60 eu.f't, each
Fuel Capacity - Left Main 136 gallons

o s - Right Main 66«7 "

i 4 - Auxiliary AL *
GlL 10 gallons each engine

Fuel Consumption - Approx. full power 50 gal./hr. per engine
Fuel Consumption - Approx. 3/4 power 35 gal./hr. per engine
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SECTION II

POWER PLANT

l. Description.- The "power plant” consists of a Right
and Left nacelle, including all equipment installed therein.
In addition to the dynamotor-generator, the following associated
electrical system units are installed only in the Left nacelle:
one CB-68 plug-in type generator control box; one M-2836 dyna-
motor change-over switch; and one M-2658 solenoid switch for
battery operation of the dynamotor. Details of operation and
installation of the electrical and heating system units are
covered separately in Sections VII and XI. Other equipment
units, common to both nacelles, viz. booster coils, booster
switches, tachometer generators, etc., are covered in separate
sections. The engines are designated as Pratt & Whitney S1D1
"Wasps", having a compression ratio of 6:1, and a blower gear
ratio of 10:1. The power rating is 550 horsepower at 2150 RPM
at sea level; 550 horsepower at 2200 RPM at 5000 feet altitude.

2. Special Engine Operating Instructions.- (a) 0il Tem-
perature and Pressure: The oil temperature gages in these air-
planes are connected to the oil lines feeding the pressure
pumps. Therefore they will show 0il inlet temperatures which
under normal conditions, are from 10° to 20° F. lower than the
outlet temperatures. It will probably be observed that with
the cooler in the circuit the oil will take longer to come
up to temperature than without it. Actually it will warm up
just as quickly as in the earlier models of Wasps, but due to
‘employing inlet thermometers, these engines will not show an
increase 1in oil temperature until the main body of oil con-
tained in the tanks is heated by the return oil. When acted
upon by the oil flowing out of the engines as in earlier in-
stallation, the indicators will show immediate temperature in-
creases with the result that an airplane may be taken off the
ground with the oil out temperature at the required value but
with the oil going into the engines at a dangerously low tem-
perature. To safeguard against this condition, o0il inlet ther-
mometers are employed.

Experience has shown that these engines are more like-
ly to give more trouble when running with relatively cold oil
than when operating with what is now considered hot oil. When
the oil is cold it does not flow readily. Consequently, some
parts of the engine may not receive proper lubrication. Stuck
and broken rings and scored pistons and cylinders are often
traced to lack of lubrication resulting from low oil tempera-
ture. From what is known about this problem it appears that
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no damage results from high oil temperature until of course the
0il thins out to the point of losing pressure and the consumption
becomes excessively great. 167° F. oil inlet temperature, the
limit given in the Operator's Hand Book, will normally safeguard
against excessive loss of pressure and high oil consumption.
Temperatures above 167° F, are not necessarily dangerous as long
as the required oil pressure is indicated.

Above 1200 RPM, oil pressures of from 75 to 100 1lb./sq.in.
are desired, but 60 1lb./sq.in. is permissible. When the pressure
falls below 60 lb./sq.in., the cause should be determined and the
trouble remedied.

The oil will warm up more rapidly on the ground, and, due
to the higher rotating speeds and increased oil pressures, the
engines will receive better lubrication without overload if they
are run at or near 1000 RPM directly after starting. Before tak-
ing off, it is highly desirable to have the oil going into the
engine at or above 1000 F., although under cold weather conditions
this may not always be possible,

(b) Manifold Pressure and Engine Speed: These engines are
rated at 550 HP at 2200 RPM at 5000 feet, but if opened up in
level flight at sea level will develop 650 HP. As this is more
load than the engine parts will safely carry, it is necessary to
provide some means for regulating the power output consistent
with the rating. Within the working range, horsepower is very
nearly proportional both to absolute manifold pressure and en-
gine speed. Therefore by providing instruments for measuring
these values and establishing maximum limits, both for cruis-
ing and take-off, it is a simple matter to safely control the
output. These limits are:

Take-off Cruising
Manifold pressure(inches of mercury) 34 28
Engine speed (RPM) 2200 2000

NEITHER THE LIMITING ENGINE SPEEDS NOR MANIFOLD PRESSURE
SHOULD BE EXCEEDED. At altitudes below 5000 feet manifold
pressure will be the limiting factor, while at the higher al-
titudes engine speed will control.

In case of emergency, it is permissible to exceed these
values but not without recording in the log book the maximum
pressure and engine speed attained, together with a notation
of why they were exceeded and for what length of time.

Each gage is provided with a telltale hand which for each
trip will show the maximum pressure if at any time the allow-
able manifold pressure for take-off has been exceeded. So as
to be readily seen, that part of the dial below 28 in.hg. is
painted black, the sector is intended for cruising, the white
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sector for take-off, and the red sector for emergency.

NOTE - Gages conforming to the abhove description were
available for installation in NC-13301 and NC-13302 only.
Standard Pioneer manifold pressure gages were installed in
NC-13303 and subsequent articles. As soon as available, the
former will be used.

Throttle stops, although provided, are of secondary im-
portance. If used, they will merely serve as an indication
of where the throttles should be located to give the maximum
allowable manifold pressure for take-off. If the pilots find
that during take-off they can properly manipulate the throttles
by glancing at the manifold pressure gage, the throttle stops
need not be used at all.,

(c) Carburetor Icing and Distribution: Once ice forms,
the addition of heat very often fails to clear the carburetors
in time to prevent a forced landing. It 1s considered better
practice to avoid the formation of ice by applying heat to the
entering air in such quantities as to keep the temperature of
the mixture above the freezing point of the moisture contained
in it. From what is known at the present time about this pro-
blem it appears that a temperature of 100° F. should care for
this condition without causing a serious loss in power. A
thermocouple is installed in the air duct below each carburetor
and indicates the temperature of the entering air. These ther-
mocouples are connected into the same switch and indicator
which is used for cylinder temperatures. Due tc the inaccur-
acies in the indicator at the lower end of the scale, a white
line corresponding to 100°F. is painted on the dial.. The
letters "A" stamped on the dial to the right and left of the
vertical centerline indicate the proper positions of the switch
for connecting the temperature indicator to the carburetor air
thermocouples. If, under extreme ice forming conditions, it
is felt that more heat is desirable, it should be used without
hesitation. Furthermore, if ice is encountered, the preheater
valve should be opened wide and the mixture leaned out as much
as is safely possible., Tests have shown definitely that, due
to the increased temperature of the exhaust gas, the preheater
is from 200to 3 F. more effective with a lean than a rich
mixture. Although not good for the engine, if ice can be dis-
lodged from the carburetor by leaning the mixture to the point
of backfiring through the induction system, this procedure is
authorized.

Due to improvements in the design of the induction systems

in these engines, hotspots are no longer considered necessary.
However, there will be times when preheating the entering air

IT -~ 3



D-1050

will still further improve distribution and result in smoother
and more economical operation.

(d) Fuel and 0il Consumption: Gasoline having a nominal
anti-knock rating of 83 octane is specified for these engines.
If unavoidable circumstances require the use of inferior fuel,
extreme care should be used in the operation of the engines.
The throttles should be opened as little as possible for take-
off and the mixture should be leaned out only enough to obtain
smooth running. Whenever fuel known to be of a poor grade is
in use, the cylinder temperatures should be carefully watched.

Until better facilities for regulating the fuel con-
sumption in flight are available, it will be necessary to con-
tinue the present practice of observing cylinder temperatures,
engine speed, color of the exhaust, and general operation of
the engine when adjusting the mixture. Since these engines
deliver more power than the previous models of Wasps, more
care must be exercised in regulating the quantity of fuel
burned. For cruising operations, it is important not to lean
out beyond the point where the engine speed begins to fall off.
For take-off, it is better not to lean the mixture more than
is required to obtain smooth operation.

As soon as steadier and more sensitive tachometer
equipment is available, the consumption can be regulated with
ease and safety. The mixture will be leaned out until the
tachometer shows a very slight reduction in RPM. If the en-
gine loses more than 5 or 10 RPM, the mixture should be en-
riched just enough to regain the loss in speed. It should,
however, be kept in mind that when reversing the motion of
the mixture control lever, any lost motion in the connect-
ing linkage will come into effect and make it necessary to
move the control more than would otherwise be required.

It will be observed that the throttle and mixture
control levers may be locked in position independently. This
provision prevents the throttles from moving while the mix-
ture controls are being adjusted. It will also be observed
that the mixture control quadrants are graduated, a provi-
sion which, barring lost motion in the controls, will make
it easily possible to return to the same mixture setting
once the desired condumption for a given set of operating
conditions has been obtained. Carburetor or engine changes
or adjustments in the control linkage will of course change
the relation of the control lever to the quadrant for a given
mixture setting and make it necessary to redetermine the "best
setting” position.
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Attention is called to the fact that the amount of movement
of the control lever with respect to the quadrant is no measure
of the mixture strength and should not be used as a guide in re-
gulating the fuel consumption. Usually the mixture control lev-
er must be moved a considerable amount from the full rich posi-
tion before it becomes effective. The amount of travel varies
with different carburetors and linkages. Once the control is
in the effective range, very small changes of position will as
a rule effect the fuel consumption considerably.

3., Nacelles,~ These structures are essentially the same--
Rights and Lefts~-~except for the cowl and exhaust supports.
When it becomes necessary to repair or splice a nacelle member
steel chart, Figure 1 should be referred to. The nacelles are
manufactured on steel jigs, and all joints welded by the elec-
tric-arc process. Extreme care must be exercised when install-
ing a nacelle to the attachment fittings on the front spar.

The nacelles are secured to the spars by means of four taper
bolts in shear at each nacelle longeron and three bolts in ten~
sion at intermediate points. It is absolutely essential, to
avoid twisting the front spar, to first install and tighten

the four taper bolts, then properly shim the two abuttment fit-
tings prior to tightening the nuts of the tension bolts. If
and when it becomes necessary to install oversize bolts the
tolerances shown on Fig. 12, Section III should not be exceed-
ed.

4. Cowling.- To facilitate servicing and inspection of
equipment in the nacelles, all cowling is designed for easy
removal. Boeing "T" type spring fasteners are employed to
secure the quickly removable sections and insofar as possible,
self-locking nut clips and machine screws to secure the cowl
supports to the structure. Hinged inspection doors are pro-
vided for access to the oil system drain cocks, filler necks,
and generator control box. To facilitate removal of a nacelle
from the wing as a unit, connector panels and junction boxes
are provided on the front spar for all electric wiring and
the thermocouple leads. Special connectors and turnbuckles
are provided to break fuel lines, oil pressure lines, vacuum
lines and control cables in the aft end of each nacelle. This
feature will minimize previous difficulties encountered from
wiring and tubing dangling about the structure during removal
of a nacelle. It also provides for easy replacement of len-
gths of cable and piping in the engine section, especially
those subject to deterioration from heat, oil, water, or vi-
bration. All engine section cowling, as well as the exterior
surface of the entire airplane, is finished by the anodizing
process. This treatment is an electro chemical process which
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causes oxidation of the surface of the metal. This oxide is
an excellent repellant to corrosion. For this reason, extreme
care should be used when handling or cleaning the cowl pieces
or airplane to insure against scratching or breaking the sur-
face.

5. Carburetor Induction System-~ This system for each
engine consists essentially of the following component parts:
a 6" diameter aluminum tube projecting upward and through in-
board side of nacelle cowling, the upper end of which is cov-
ered with a wire screen. The lower end is connected to the
top of an air mixing valve, Dwg. No. 14-833, located in bottom
of nacelle below the oil tank. An elliptical shaped scoop is
installed between the forward outlet of valve and carburetor.
Anti-sgueak material is employed to prevent undue wear from
vibration. The scoop is secured in place by means of clamps
incorporating spring-loaded bolts to permit slight weaving.
To a third connection on the outboard side of valve is attach-
ed a short tube, the other end of which is attached to the
hot air collector assembly around the exhaust tail stack. A
fourth connection on the bottom of the valve projects through
the bottom cowling to permit escape of the hot air when not
being supplied to carburetor. A butterfly type vane in the
valve assembly, actuated by a cable control from the pilot‘'s
cockpit, is used to obtain the desired amount of hot and/or
cold air to the carburetor.

8 Exhaust System.~ The exhaust collector ring and
tail stack assemblies are of Boeing design, manufactured by
the Solar Aircraft Company, San Diego, California. They are
fabricated from .03l, KA-2 stainless steel per Dwg. No., 15-
2565 for the right, and 15-2566 for the left engine. These
drawings should be referred to for manufacturing details.
Each ring is made in nine sections--one for each cylinder,
Bach of these sections telescope into the adjacent section
except those for cylinders Nos. 4, 5, and 6 on the right,
and Nos. 6 and 7 on the left engine. These sections tele-
scope into a "Y" fitting, the rear end of which enters a 5"
diameter tail stack. A section of each tall stack is pro-
vided with seven longitudinal tubes. This tubular scction
passes through an enclosed area forming the hot air collec-
tor for the carburetor mixing valve.

The individual sections of the rings, instead of
being bolted directly to exhaust ports per past practise,
are clamped to short nipples installed on each port. This
obviates the necessity for removing the ring assemblies dur-
ing engine change. The rings proper are supported by the
nacelle cowl structure. Two copper asbestos lined clamps
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are placed around the ring sections to support the right and
left half of each assembly. These clamps in turn are secured
to brackets on the cowl formers by means of drilled fillister
head screws. Nut plates for the screws are provided on the
brackets. During removal of a ring assembly it is necessary
first to remove the fillister head screws and rotate the clamps
slightly to slip the sections off the nipples,

. 7. Starters.- One each Eclipse Series VII hand inertia
starter is installed on the right and left engine. No electric
motors are installed on the starters; however, provision for
installation of motors, conductors, and switches has been made,
if in the future it is desired to provide battery operation.
Each starter is provided with a 3/4" drive shaft extending
through outboard side of nceelle cowiing. A special crank with
universal joint at driving end is furnished with each airplane.
It is stowed in the front cargo compartment. This special crank
with universal joint at driving end is furnished with each air-
plane. It is stowed in the front cargo compartment. This speec-
ial cerank permits winding up the starter by hand from the ground.
A "T" handle for manual engagement of starter is provided on out-
board side of each nacelle above exhaust tail stack. An Eclipse
starter switech is installed on the starter engaging lever and a
1/16" cable is employed between this switch and "T" handle.,
This provides simultanecus operation of booster coil and engag-
ing lever, To obtain clearance between starter cranking shaft
and magneto shielding, it is necessary to install starters with
shafts inclined upward approximately 15 degrees., It is also
necessary to install the left starter with engaging lever on
bottom: this to permit shaft to extend through outboard cowling.

8. Ignition System,- This system consists of two each
Scintilla AG-9 magneto: mounted on each engine., The magneto
distributor blocks and all high tension leads are completely
shielded by means of Boeing Air Transport design ignition shield-
ing. This shielding was installed on the S1Dl engines by the
Pratt & Whitney Company during final assembly of the engines.

One each Eclipse C--19543 booster coil is installed in
each nacelle adjacent to the right magneto. A short length of
shielded high tension cable is run from HV connection of coil
to HV connection of the right magneto. The eurrent supply to
the primary winding of the coil passes through an Eelipse B~
22913 switch, installed on the engaging control lever of the
starter. The current supply to the switch passes through the
master ignition switeh in pilot's cabin. This arrangement
prevents the possibility of inadvertently energizing the boos-
ter coil if and when the master ignition switch is in the "“OFF"
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position. Note Dwg. No., 14-800 herein, Section VII, for wiring
installation details.

9, Fire Extinguisher System.-~ Located on the right side
of the pilot®s instrument board is a selector valve and "T"
handle assembly for contrclling the fire extinguisher system.
The system consists of the above control unit, a 5-1lb., bottle
of carbon dioxide, located in the rear of the nose mail pit,
and interconnecting piping. The installation is commonly known
as the Lux system, manufactured by Walter ¥idde and Company,
New York, N. Y. Instructions for the operation and maintenance
of the Lux system are supplied in a small envelope inserted in
a slot provided in the release valve mounted on the top of the
cylinder. To operate the system it is only necessary to set
the selector valve handle for the desired nacelle and pull the
»P* handle. Once the handle is pulled the entire contents of
the bottle are cxpelled. MNo attempt should be made to stop
the flow of gas by means of the selector vaive. A 1/16" flex-
ible cable is employed between the "T" handle and release valve
on top of the CO2 bottle., Short lengths of Titeflex tubing
are employed between the control valve and interconnecting
piping to absorb instrument board vibration. 7/16" 0.D. dural
tubing and plain Parker type dural connectors and Tees are used
between the valve, bottle and nacelles. PFire extinguisher sys-
tem piping is designated by BLUE bands painted around the tubing
at convenient intervals. The tubing entering each nacelle is
connected to a Tee from which one length of 7/16" tubing is
installed in a semi-circle around the engine mount ring and
a second section around the carburetor float chamber. Small
holes drilled in these two lengths cause the C02 gas to he
sprayed around the rear of the engine and over the carburetor.
From a second Tee used in the supply line a short length of
tubing is attached to a fitting on the side of the carburetor
intake scoop. This directs some of tlhie gas into the scoop.
Access to the cylinder 1s had by removing a cover secured to
the structure by means of machine screws and fiber nut clips,
The bottle is attached to its mounting bracket by means of a
bail type fastener. Tnhne cover should always be used over the
bottle to protect it from cargo placed in the nose pit. When
it becomes necessary to remove the cutter valve from a hottle,
it should be borne in mind that the threads are LEFT HAND.

A small portable hand-operated Lux extinguisher is
installed in the front end of the passenger cabin. Instruc-
tions for operation are shown on a plate attached to the ex-
tinguisher,
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SECTION III
FUSELAGE

1. Description.- The fuselage of the 247 is of the
all-metal, semi-monocoque design. Four longerons are em-
ployed to which are secured the station bulkheads. DBetween
longerons and bulkheads, the channel stiffeners form a com-
plete frame for the support of the skin. 'The complete fus-
elage assembly is manufactured and jig assembled in three
separate sections., 'These sections are described separately
herein. The interior surface of the skin, and the formers,
stiffeners and bulkheads are finished with a coat of alum~
inum lacquer, except in pilot's compartment. This compart-
ment is finished with dull black Duco. The exterior surface
of the fuselage covering has no protective coating other than
anodic treatment. All joints and seams are sealed by means
of" Goodrich "Plasticon” applied when the body sections are
riveted or screwed together. Fuselages are given a water
spray or rain test when removed from the final assembly Jjig.
This is to inspect for water leaks prior to installation of
the cabin lining, "Plasticon™ is a rubber compound, soluble
in gasoline, kerosine, carbon tetrachloride, and similar
fluids usually employed for cleaning. For this reason these
liquids should not be used for cleaning the fuselages as
they will eventually dissolve the "Plasticon” applied between
the seams and joints. It is, however, resistant to water.

2. Repairs to Skin.~ If, and when, it becomes necessary
to repair a small hole or dent in the fusclage s ructure,
the procedure outlined in Figure 2 should be closely follow-
ed. It is most important that extreme care be used to pre-
vent weakening the skin. In case of major repair or rebuild
of a damaged fuselage, it is suggested that complete new sec-
tions of skin and formmers be installed. &fach main repair
base should have on hand prints of Vwgs. 15-2485, 15-2486,
15-2487, for this purpose.

3. Oversize Bolt Tolerances.- For the purpose of inter-
changeability, aliowance is made for reaming certain fittings
throughout the airplane for larger size bolts than those or-
iginally installed. 'The locations and allowances are shown
on Figure 1z.

4, Installation of Tubular Rivets.- At certain points
in the structure, viz. mail pit lining, weather stripping
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over the skin at the bottom of the body joints at the front
and rear spars, etc., BAC tubular rivets are employed; this
for the reason that it is impossible to obtain access for
bucking standard rivets. During installation or replacement
of tubular rivets, the following instructions should be fol-
lowed: (Several trial installations for practice purposes
should be made on scraps of material before an airplane re-
pair is attempted.)

Nail, #21-1676, is inserted into tubular rivet BAC
#1352 with the head of the nail extending at the body end
of the rivet. The nail end of these two parts in this con-
dition is then inserted into the hole in the hollow rivet
setting topl. It will be necessary to part the handles of
the setting tool to allow entry of the nail. (Closing the
handles will cause a gripping as well as a drawing in ac-
tion affecting the rivet setting operation.) The rivet thus
held in the tool is forced into a hole drilled to receive it.
Some tapping with a mallet or similar means may be necessary
to draw up or set the rivet head before parting the handles
on the tool effecting the riveting operation. In some cases
the nail may be broken, in others, it may be advisable to
cut the nail rather than break it by the use of a tool. The
nail may remgin in the rivet by cutting off flush with the
head or knocked out and replaced by a standard Parker-Kalon
drive screw.

5. Nose Section:~ This section of the fuselage assembly
is that part forward of the front wing spar or Station 16.
It is attached to the center section by means of two circum-
ferential rows of spec¢ial steel streamline head screws staked
after insertion. Speciail 1/4" and 5/16" dural bolts in shear
are employed to tie the four longerons together. This joint
in the structure is provided to permit disassembly in excep-
tignal cases and for salvage purposes. No attempt should
ever be made to disconnect at this point except in emergency,
such as a crash where repairs are impractical and shipment
on freight cars is necessary. When this becomes necessary,
installation details shown on Dwg. No. 15-2600 should be
carefully followed. The nose section consists of the front
mail pit, radio equipment compartment, pilot's cabin and the
two front passenger seats. Individual items of equipment in-
stalled therein are covered in their respective sections in
this manual,

6, Center Section:- This section is that part of the
agsembly between and including the front and rear wing spars,
Since these spars are continuous members through the body,
all parts attached to or installed within the wing stubs
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will be described as being located therein. In brief, the
following major units make up the center section--right and
left engine nacelles; landing gear; retracting motor and
mechanism; fuel tanks, valves and piping; cabin heating
equipment; engine controls; battery, and the great major-
ity of electrical system wiring, conduit, junction boxes,
etec, If, and when, it becomes necessary to accomplish major
repairs to this section it is suggested that the factory be
advised relative to the nature of the damage. The major struc-
tural members--particularly the spars--forming this section
carrv loads of very high stress and extreme care should be
used during replacements or repairs. The upper and lower
spar chord members are of heat treated chrome molybdenum
steel tubing square drawn. The vertical and diagonal web
members are of rectangular and square cross sections of 17ST
dural. Both steel and dural bolts are used in the stub spar
structure, the former being secured by castellated nuts and
cotters, the latter by dural nuts peened after tightening.
Then it becomes necessary to make minor repairs, special
bolts not more than. .0285" oversize should be used to obtain
the tight fit required. If larger bolts are required, approv-
al should be obtained from the factory. Spar chord splices
and terminals are heat treated steel forgings. Except at
landing gear fittings, where the gussets are heat treated
steel, all gussets are 17ST dural. Side bracing for the
spars is obtained by members tied in with the floor beams.

Access doors, removable cover plates, cowling and
fillets provided on the center section for removal or in-
spection of the engine nacelles, outer wing panels, fuel
tanks, etc., are covered herein under separate sections.

7. Rear Section.- This section of the fuselage con-
sists of that part aft of the rear wing spar. 1t is se~
cured to the center section similar to the method outlin-
ed for the nose section. As stated for the nose connec-
tion, the rear connection should never be broken except
in cases of emergency. The following components make up
this section--body structure and skin; four rear passen-
ger seats; stewardess seat; passenger door; emergency exit;
cupboards; lavatory; rear cargo compartment and door; ver-
tical fin; horizontal stabilizer; tail wheel gear and tail
fairing. See Section VI for details of tail wheel and fair-
ing installation. See Section [V for stabilizer, elevator,
fin, rudder, and control system installation. See Paragraph
8, this section, for cabin furnishings.
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The attachment fittings for the vertical fin and
horizontal stabilizer are integral parts of the rear fusel-
age structure. No adjustment is provided for the fin or
stabilizer. Care should be exercised to insure tightness
of the bolts used to secure the surfaces to the structure.
Four taper bolts, inserted from the front, are used to se-
cure the ends of the right and left stabilizer front spars
to the fuselage bulkhead. in addition to these four taper
bolts, five 1/4" shear bolts are used on either side, Four
taper bolts and four 1/4" shear bolts, inserted from the
rear, are used to secure the rear spars to the fuselage
structure, Access to the forward bolts is from the inside
Qf the fuselage, Access to the rear bolts is had by remov-
ing the dural fillet used at the junction of the surfaces to
the body. The vertical fin is attached to the body struc-
ture in the same manner employed for the stabilizer. Four
taper bolts and three 1/4™ shear bolts are used to secure
the front and rear beams to the fittings on the fuselage.
The forward bolts are inserted frpom the front and the rear
bolts from the rear. Access to the front bolts is from the
insjde of the body. Access to the rear bolts is by removal
of 'the dural fillets used at the junction of the fin to the
body. These fillets are secured by means of machine screws
and nut clips,

8. Cabin Furnishings.- The following items are install-
ed within or are considered cabin furnishings:

(a) Passenger Seats: These units are installed five
each on the right and 1¢ft side of a center aisle. To fac-
ilitate removal, the cushions and back covers are fastened
to the seat structure by means of snap fasteners. The seat
legs are secured to fittings on the floor by means of 1/4v
bolts and acori nuts, The seat backs may be reclined approx-
imately 25° from their normal upright position and locked in
any desired position. A small hand!e located under the edge
of each seat on the aisle side is provided to operate the
locking mechanism. Carbon Tetrachloride or any light petrqg-
leum base cleaning fluid should be used for cleaning the cush-
ions and covers.

(b) Individual Reading Lights: Installed on the
side wall opposite each seat is a small reading light. One
6~candlepower double contact globe is used in each of these
units. The units are secured to the structure by means of
machine screws and nut plates. See Section VII for wiring
details,

(¢) Individual Ash Trays: Installed adjacent to

each reading light is an ash tray. It may be removed for
cleaning by lifting upward. It is secured to a mounting
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base by means of two slotted pins. The base is secur-
ed to the structure by means of machine screws and nut
plates. :
(d) Cabin Dome Lights: Two dome light assemblies

are provided in the cabin--one above the toilet door, the
other on the ceiling above the rear spar. One l5-candle-
power double contact globe is used in each of these units,
Hinged covers are provided on the units for replacement

of a defective globe. One machine screw and nut plate is
used to secure the cover.

(e) Individual Ventilators: Located on the cabin
wall forward of each window is an individual fresh air
ventilator. Operation is effected by turning a knurled
knob provided at each unit. They may be adjusted to any
desired degree of opening. See Section XI for operation
of the main heating and ventilating system.

(f)} Lavatory: Installed in the lavatory is a small
wash basin, a one-gallon water container with faucet, and
a toilet seat. The water container is removable for re-
filling by lifting upward approximately 6 inches. The bot-
tom of the toilet seat containers should be covered with a
quantity of "CN" powder sufficient to cover the bottom to
a depth of approximately 1/8"., This powder is manufactur-
ed by the West Disinfectant Company, a national concern.

To overcome a great deal of soiling or sticking to bottoms
of the containers, it is suggested that a piece of paper
toweling be placed over the bottom prior to putting in the
"CN" powder. This keeps the bottoms in better condition
and eliminates the use of any water.

(g) Emergency Exit: An emergency exit door, approx-
imately 19" x 24" is provided in the left side of the fusel-
age at the rear passenger window. It is hinged to the struc-
ture and is held shut by means of two sliding bolt action
fasteners, operable from the inside of the body only. Care
should be used to see that the fasteners are at all times
in the locked position.

(h) Cabin Lining: The cabin lining consists of spruce
plywood panels secured to clips on the structure by means of
Parker-Kalon screws. The panels below the seat arms are cov-
ered with Fabrikoid glued to the plywood with casein glue,
The panels above the seat arms on the side walls and ceiling
are covered with wool broadcloth glued to the plywood with
Lauxien #188 glue. The Lauxien glue is insoluble in water,
gasoline, carbon tetrachloride, or similar c¢leaning fluids.
At remote points the broadcloth is glued to small metal parts
with Goodrich "Plasticon". This should be borne in mind when
cleaning the lining at these pcints for the reasons stated in
Paragraph 1, this Section.
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(i) Hat Clips and Clothes Rack: Installed on the side
walls above each seat is an "Original"™ hat holder manufac-
tured by the Denning Manufacturing Company, Cleveland, Ohio.
Installed also on the cabin walls over each row of seats are
clothes racks made of cord netting and shock absorber cord.
Only coats and light articles of clothing should be stowed
in these racks. Do not place brief cases, books, boxes,

and similar articles in these racks as they may become dis-
lodged and drop on the passengers.
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SECTION IV

CONTRCL SURFACES AND SYSTEMS

1. General,- The control surfaces consist of the rud-
der, elevators, and ailerons; aileron flap, rudder flap,
and elevator flaps. All surfaces are jig constructed, in-

suring interchangeability, and hinged with sealed ball bear-

ings, staked into the control hinge fitting to carry the
vertical and side loads. Balances of the ailerons are of
the Frise type, while the rudder and elevator have "over-
hung" type. Trailing flaps are used to trim in flight.
With the exception of the flaps, all control masts are lo-
cated within the surface or tail fairing, the latter being
removable for access to the rudder and elevator control
fittings. Due to the similarity in construction and hinge-
ing of the surfaces they will not be described separately.

The rudder and elevators are operated through tor-
que tubes concentric with the surface hinge line, riveted
to the surfaces, and masts which are riveted to the tor-
que tubes. On the elevators, the torque tubes are spliced
together at the center with a connecting sleeve and four
taper pins., To facilitate removal of the tail surfaces,
the torque bearings and their supports are pressed on to
the torque tubes, making it necessary to remove only the
support bolts.

The ailerons are operated by push rods connecting
the aileron operating mechanisms with the interior masts.
The push rods contain sealed ball bearings at either end
and special bolts are used to eliminate lost motion at the
connections,

The flight control system consists of the rudder
pedals, control column and wheel, aileron operating mech-
anisms, push rods, and interconnecting cables, as shown on
Figure 3; the flap controls, screw mechanisms, and inter-
connecting cables, as shown on Figure 4.

All surface control cables are 5/32" 7 x 19 extra
flexible "Trulay", all flap control cables are 1/16" 1 x
19 non-flexible and 3/32" 7 x 7 flexible "Trulay". The
cables operating the carburetor air wvalve, nose shutters,
oil cooler, flap controls, and the screw mechanisms are

1/16", and the cables between the screw mechanisms and the
flaps are 3/32". All cable adjustments are made by turn-
buckles which are located to give the best accessibility.
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Micarta, sealed ball-bearing pulleys are used throughout the
system, All chafing strips and fairleads are of fiber in
order to eliminate metal to metal friction.

Prints of Dwgs. 14-829, 15-2480, 15-2615, and 15-2626,
should be obtained for use at overhaul and repair bases. These
drawings show in detail the construction and installation of
the controls.

2, Rudder Controls:- From the rudder pedals, the cables
extend down through the floor of the pilot's cockpit thence
arft below the floor of the cabin, toilet, and rear baggage
compartment into the tail of the airplane where they are
carried to the top of the fuselage and connected to the rud-
der mast. Adjustment of these cables is made by four turn-
buckles, located under the pilot®s floor and accessible
through the bottom inspection door. With the co-pilot's
rudder pedals locked, all four rudder pedal adjustments and
the rudder set in neutral, the four cables are tightened to-
gether until the tension of each is the same, and the oper-
ation of the rudder is both free and firm.

In airplane NC-13319 and all items after NC-=13325,
spring cartridges have been substituted for the turnbuckles
in the rudder buss cables, behind the instrument board. In
these airplanes, tension will be taken in the cables as men-
tioned above, until the spring cartridge is fully extended,
then backed off until the spring has receded 7/8". Travel
of the rudder is limited to 27° each way by stop cables im-
mediately forward of the rudder, anchored to the top longer-
ons by turnbuckles, and ad justable at this point.

3. Elevator Controls:- From the bottom arms of the con-
trol columns, the elevator cables, following the rudder cab-
les, pass back under the cabin floor into the tail section,
where they are fastened to the elevator masts. Adjustment
of the elevator system is made by means of ten turnbuckles
located as follows: four under the pilot's floor, access-
ible through the inspection door; two under the cabin floor
just aft of the rear spar and fastened to the cable joining
plates; and four in the tail, immediately forward of the
elevator masts. With the crossover cables slack (loosen the
turnbuckles under the cabin floor), the other cables are
tightened by taking up on the four forward and four rear
turnbuckles, keeping the joining plate (just aft the rear
spar) approximately in its proper location (Dwg. 15-2480)
and keeping the control columns in a vertical position when
the elevators are in neutral. After this adjustment, the
cross=over cables are tightened to an equal tension. The
stops on the elevator cables, located under the pilot's
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floorb are then soldered in place to give an elevator travel
of 27" each way.

4, Aileron Controls:- The cables for the aileron system
are joined to chains at either end, which pass over sprockets
on the control wheels, and on the aileron operating mechanisms.
From the chains over the control wheel sprockets, the cables
pass through the removable covers on the control columns, over
pulleys at the hinge points, and aft under the cabin floor to
brackets just aft of the rear spar. From this point, the
gass through fairleads in the body into the wing stubs, thence

nto the outer wings to the chains on the aileron operating
mechanisms., Adjustment for cable tension is made at the follow-
ing points: four turnbuckles in the L.H. wing stub aft of the
rear spar, accessible through inspection doors in the lower
skin; four turnbuckles in the R.H, wing stub, similar access.
Before ad justing the aileron cables, the following precautions
must be taken: with the control wheels and the ailerons in
neutral, the sprocket chains over the wheel sprockets and the
aileron mechanism sprockets must be set so that the free ends
of each chain are as near opposite each other as possible, With
the control wheels in neutral, the ailerons are brought separ-
ately to their neutral position. This is done by adjusting
the three remaining turnbuckles in each wing stub, with the
buss cables slack., After the desired tension is reached in
each cable, the buss cables are tightened to an equal tension,
care being taken to keep the control wheels and ailerons in
neutral.

The aileron stop cables are anchored to the lower
chords of the rear stub spars, but have no adjustment of their
own., To adjust the travel of the ailerons to 6-5/8" each way
(measured from the inner trailing edge of the aileron to the
trailing edge of the wing), the four turnbuckles in each stub
are read justed to give the correct location with respect to
the stop cables. -

The aileron operating mechanism is provided with an
ad justment for controlling the mesh clearance between the
worm and the worm gear segment. This adjustment controls
the amount of play in the ailerons, and after periods of
time may have to be reset. To accomplish this adjustment,
the lockwire on the center bearing support is removed, and
the castle nut on the opposite side loosened until the sup-
port is free to rotate. Integral with the bearing support
is an eccentric shaft which raises or lowers the segment
with respect to the worm. The support is rotated until the
desired mesh is obtained, the castle nut tightened and the
lockwire replaced by drilling a new hole in the support.

Iv - 3



D-1050

5. Rudder Flap:-~ The control for this flap is located on
the cockpit floor just aft of the control stand. From the con-
trol drum under the pilot's floor, the 1/16" cables pass through
bowdenite under the cabin floor back to approximately Station 20,
thence through fairleads back to the drum on the screw mechan-
ism. From the trunnion on the screw, the 3/32" cables are
lead into the fin, thence to the flap masts. Adjustment is
made by four turnbuckles: two just forward of the rear drum,
and two between the trunnion and the fairlead into the fin.

The travel stops are fastened to the screw with taper pins,

and originally set to give a flap motion of 30° each way. To
rig the system, the forward cables are tightened, with the trun-
nion and control indicator (on the cockpit floor) set in neutral.
The tension in these cables is dependent upon the ease of opera-
tion, and can normally be operated best if kept quite loose.
With the indicator and screw still in neutral, the rear cables
are tightened to bring the rudder flap to neutral, and until

its motion is both free and firm. Adjustment for gear mesh
clecarance in the rudder, elevator, and aileron flap operating
mechanisms is made in same manner as that outlined above for

the aileron operating mechanism.

6. Elevator Flaps:- The control for these flaps is loca-
ted on the panel on top of the control stand. The 1/18" cables
between the drum and screw are located and adjusted similar to
those for the rudder flap. For adjustment of the 3/32" cables
there are three turnbuckles: two on the trunnion, and one in
the flap buss cable, These are tightened to the correct ten-
sion and then readjusted to place the elevator flaps in their
neutral position. The travel of the flaps is 30©° each way.

7. Aileron Flap:- The control for this flap is located
on the cockpit floor to the left of the pilot's control col-
umn. The cables for this flap parallel the other flap cables
back to a bracket just aft of the rear spar, thence through
the body into the left wing stub and outer wing where they
are served to the drum on the aileron flap motor. From the
mast on the flap motor, the 3/32" cables are lead through
the aileron to the mast on the flap., Adjustment of the sys-
tem is accomplished by four turnbuckles: two in the cables
between the flap control in the cockpit and the flap motor in
the wing and two fastened to the mast on the flap motor. With
the indicator control (in the cockpit) and flap motor (in the
wing) set in neutral, the main cables are tightened just enough
to insure proper position on the drums. The short cables are
then taken up until the motion of the flap is both free and
firm, ‘
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Stops similar to those on the elevator cables are
used to check the travel of the flap. These are soldered
in place, after rigging, to give a flap motion of 11/16"
each way. They are located in the left wing stub and butt
against a reinforced fairlead on the rear spar, :

8. Engine Controls:- These include the throttle and
mixture controls. Since both are of the push rod-bell crank
type, they will not be described separately. From the control
stand in the pilot‘*s cockpit, the rods lead down to bell-cranks
below the pilot*s floor, thence aft to bell-cranks immediately
forward of the front spar where they diverge, two leading
through the body and stubs to the right nacelle, and two to
the left nacelle. These rods are supported by fairleads on
the nose ribs just outboard of the leading edge access doors.
The rods between the bell-cranks in the nacelles to the car-
buretors pass through fiber fairleads in the firewall., One
end of each rod is adjustable to facilitate synchronizing the
throttles and mixtures. The controls are normally set to give
1/4" cushion at each end of the quadrant motion. All bell-
cranks are operated on sealed ball bearings giving very little
wear and should seldom need adjusting. On the bell crank brac-
kets at the rear of each nacelle are switches for the landing
gear warning signals which may occasionally need resetting.
These switches are covered in Section VI.

Separate locks are provided on the control stand to
hold the throttle and mixture levers in any desired position.

9. Radiator and Shutter Controls:- From the drums in the
pilot*s control stand, these cables parallel the carburetor
control rods out to the inboard side of each nacelle just for-
ward of the front spar, where they are served onto differen-
tial drums. In each nacelle the radiator cowl control cables
lead from the large drum on top through a fairlead in the fire-
wall up to the drum on the cowl. From the lower drum, the nose
shutter cables pass through bowdenite casing to a point on the
nose of the engine where they operate the shutters. At the
point where the cables pass through the body they are carried
through short bowdenite cases, which in the left stub contin-
ues past the battery compartment to protect the cables from
corrosion., Adjustment in this system is made by turnbuckles
located in three groups, one below the control stand, one in
each front stub access door, and one forward of each firewall.

10. Carburetor Air Controls:- The cables of this system
operate similar to, and are parallel to those mentioned above
for the radiators and shutters. From a bracket in each na-
celle, the cables lead forward through the firewall to a drum
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on top of the carburetor air valve. Turnbuckles are provid-
ed below the control stand and in the stub access doors for
ad justment of these controls.,

11, Lubrication Chart.-~ Figure 13 shows the important
points in the control systems which should be inspected and
lubricated periodically. It also shows points in the land-
ing and retracting gear system which require periodic lubri-
cation. For lubrication details of the magnetos, retracting
gear motor, starters, and other accessories, it is suggested
that service manuals be obtained from the manufacturers of
the equipment. Blueprint copies of Figure 13 in actual size,
254 x 33, will be furnished on request. These large size
prints may be desired for placing on shop bulletin boards.

Grease should not be applied directly to control ca-
bles as this allows grit to work into the strands and shorten
the 1ife of the cable. However, in exceptional cases of fric-
tion in the bowdenite casings, graphite or graphite grease
should be used.
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SECTION V.
WING

1. Description: For simplicity the wing is described in
three parts, viz. Stubs, Panels, and Tips.

2. Stubs: The stubs form an integral part of the fusel-
age center scction. The spars are continuous members thru the
body. =ee Section TII, 6, for detailed description of spar
construction. To facilitate inspection at overhaul, the trail-
ing edge of each stub--aft of the rear spar--is removable. This
part is secured toc the structure at the rear spar by means of
machine screws and nut plates. It should be removed only at
general overhaul periods or in emergency. Hinged inspection
doors are provided in the lower surface of these sections to
facilitate inspection and ad justment of the control cables, :
Dural fillets attached by means of machine screws and nut clips
are installed at the junction of the stubs and the fuselage.

3. Panels: The right and left panels are attached to
the stub by means of two taper steel bolts at each spar term-
inal fitting. 1In addition, seven 3/8™ dural bolts are used
to insure tightness of these bolts. Access is had by removing
the dural cover over the wing joint. During original install-
ation of each panel to the stub, alignment was made by means
of a jig, the taper bolt holes reamed, the bolts inserted and
tightened. After this, the seven holes thru the webs for the
3/8" bolts were drilled. This procedure insures proper align-
ment and should be considered when a panel from one airplane
is installed on another or when a new panel is used. The main
spar fittings are interchangeable. However, care should be
used to see that the 3/8" bolt holes are in proper alignment.
Ream for oversize bolts if misalignment is noted. New panels
are supplied undrilled. See Fig. 12, Seetion III, for over-
size bolt hole tolerances.

The trailing edge of each panel--inboard of the ail-
erons is removable. It is attached to the rear spar by mach-
ine screws and nut plates. Hinged doors are provided in the
lower surface for insvection, ad justment, and installation of
the control cables,

During overhaul or repair of a wing panel, it should
be borne in mind that the materials used in the various com-
ponent parts are as follows:
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Spar Chords 17SRT, square drawn dural
Inner Terminals Special heat treated steel
OQuter Terminals 17ST dural

Vertical and diagonal spar members 17ST bvarrel sections, dural
Chord Splices 17ST dural

Gussets 17ST dural

Rib Chord Sections 17ST dural drawn from sheet
Rib diagonals, compression 17ST dural square drawn

Rib diagonals, standard ribs 17ST dural square and round

The spars are assembled with 3/16" dural rivets except
for steel bolts at terminals and compression ribs. The ends of
the round and square tubing used for the standard rib diagonals
are flattened to facilitate riveting. Ribs are gusseted to
chords and spars with dural rivets. Damaged "barrel" section
diagonal members of the outer wing spars may be replaced by rec-
tangular dural 17ST tubes as follows:

1. Replace 2-3/16" x 1" x ,049" "barrel"” sections with
2-3/16" x 1-3/16" x .058" rectangular tubing (BAC1501-3859).

2. Replace 2-3/16" x 1-29/64" x ,049" "barrel" section
with 2-3/16" x 1-3/16" x .065" rectangular tube (BAC1501-3860).

Replace the 3/16" rivets attaching the tubes to the
gussets by #10-32 AN bolts, or if a tight fit is not obtained
use oversize steel bolts (SAE 2330 steel) of a diameter not to
exceed .,219", See Fig. 12, 3ection III for oversize tolerances.

Caution - Under no circumstances should holes be
drilled in the main spar chord members.

Installed within the leading edge of each panel approx-
imately 6 feet outboard of the stub connection is a special lo~
comotive type landing light and a courtesy light. A special
glass moulded to the contour of the leading edge covers the com-
partment. This glass must be removed to adjust the reflector.
Extreme care must be used when tightening the turnbuckle in the
strap holding the glass in place. A small watertight door is
provided on the upper surface of the leading edge to permit re-
placement of bulbs.

4, Tips: To facilitate repair or replacement of a dam-
aged tip, these units are removable. Four 1/4" bolts are em-
ployed~~-2 at the front and 2 at the rear spar--to secure the
tip to the panel. Machine screws and nut clips are used to
fasten the top and bottom covering. A removable plate covers
the front opening. Two flush type navigation lights are in-
stalled in each tip--one each on the upper and lower surfaces.
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SECTION VI

LANDING GEAR

l. Description.- Several features not heretofore employed
on Boeing cormmercial aircraft have been incorporated in the
landing gear of these airplanes; viz. manual-electric retractile
operation, air-o0il shock absorber struts, hydraulic brakes, and
low pressure tires and tubes for main and tail gear wheels. The.
successful operation and dependability of these, as well as other
features of the gear, depends to a great degree on proper adjust-
ment, care, and maintenance. The retracting mechanism is shown
diagrammatically by Figure 5 and consists essentially of the fol-
lowing units: a reversible-action, double-acting ratchet-type
actuating handle on right side of pilot's cockpit; positive type
engasing clutches with actuating lever located on control stand
in pilot's cockpit; and a series of torque tubes carried in ball
bearing gears for driving the retracting screws.

Extreme care must be exercised during inspection and ser-
vicing of the retracting mechanism to see that dirt, water, and
heavy grease is not allowed to collect on the gears or screws.
The screw guards should be carefully checked to ascertain whether
or not they are functioning properly. The "Thermoid" universals
and splined shafts in the drive shaft to screw worm gears should
also be inspected frequently for undue wear. The retracting
screw worm and motor reduction gear voxes should be properly lub-
ricated periodically to insure proper operation. A thin coating
of graphite grease is recommended for the spur gears in the sys-
tem. "Wadhams winter grade "Badger" gear grease, or equivalent,
i1s recommended for the retracting screws,

2. Manual Retraction.- For this operation, it is only nec-
essary to set the trigger control knob on actuation handle for
UP or DOWN movement and actuate the lever fore and aft. The
gear ratio between the handle and screws requires approximate-
ly 125 full strokés to fully raise or lower the gear. The
handle operates the drive mechanism in both directions of motion.
The clutch employed for manual drive is normally held in engage-
ment by a spring. It remains in engagement cxcept when the motor
control handle 1s raised or depressed for electric operation.
This arrangement causes the motor to be disengaged at all times
except when motor operation is desired. By actuating the motor
clutch control through approximately 50% of its travel--for UP
or DOWN movement--the manual drive clutch is disengaged and the
motor drive clutch engaged. Further movement depresses a pair
of switches, causing the motor to operate for selected direction.
When the hand is removed, a spring automatically returns the han-
dle to neutral, disengaging the motor clutch and engaging the
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manual clutch. Access to the motor, switches, clutches, and
gears may be had through a door in the bottom of fuselage be-
low pilots floor. Additional access for inspection or removal
of certain parts may be had by removing inspection plates ok
either side of fuselage opposite the motor and cross drive
shaft. These doors are secured by means of flat head screws
and nut plates.

3. Electric Retraction.- This consists of an Eclipse ;
M-2615, Dwg. No. F-26544, reversible type, series wound motor,
mounted on a reduction gear case incorporating a multiple disk
safety clutch. This clutch is adjusted to slip at 35 foot
pounds and the gear ratio between the armature and drive shaft
is 27 to 1. It is adjusted and set by the manufacturer during
original assembly and should operate satisfactorily over ex-
tended periods of time. Its design is essentially the same
as that employed in the Eclipse electric inertia starter.
Mounted directly on the motor drive shaft is a second positive
type clutch, actuated by means of the control handle described
above., Two heavy duty switches are employed to operate the
motor for UP, and two for DOWN, gear movement. If, for any
reason, it is desired to reverse the direction of gear move-
ment during motor operation, it is only necessary to throw
the lever to the opposite side of neutral.

_ Extreme diligence and care must be used during adjust-
ment of the motor control switches. A spring loaded disk is
employed to depress the switches in pairs. Adjustment for
moment of contact of the switches can be accomplished by vary-
ing the tension of the actuating disk springs. Lock nuts
are provided on the disk actuating rod for this purpose. Un-
less the clutch engaging spring is depressed before the motor
starts, the clutch may not become fully engaged. It is sug-
gested that personnel charged with the adjustment and care of
this equipment become familiar with its operation before attempt-
ing readjustments. The actuating disks were properly adjust-
ed during final assembly and original test of the airplane and
should remain in adjustment over extended periods of time. To
facilitate removal or replacement of the motor switches 10-32
bolts and castellated nuts are employed to secure these units
to mounting brackets.

4, Position Indicator and Warning Devices.- This sys=
tem consists of a Pioneer landing gear position indicator lo-
cated on pilot's instrument board; a bevel gear and flexible
drive shaft for driving the indicator; two red bulls eye
lights located on instrument board; a 1l2-volt XKlaxon located
on bulkhead just aft of pilot's head; two "release for con-
tact" and two "depress for contact" switches located one each
in rear of each nacelle. The complete installation is shown
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diagrammatically by Figure 6. It functions essentially as
follows:

(a) Switches "A"™ are open only when the gear is
in full down position.

{b) Switches "B" are closed only when engine
throttles are closed.

After take-off and immediately the gear starts up,
switches "A" automatically close. With the throttles open,
switches "B"™ are open. The indicator pointer, actuated by
a direct driven flexible shaft indicates the exact position
of the gear. Closing both throttles when the gear is in any
but the full down position, completes an electric circuit to
bulls eye lights and Klaxon, warning the pilot audibly and
visually that the wheels are not full down. Once switches
"A" and "B" are properly adjusted, little or no difficulty
should be encountered. Adjustment of these is effected by
properly positioning the switch bodies in the anchor brackets
and/or by shimming. Especial attention is invited to the fact
that if the drive mechanism to one side of gear fails to lower
either wheel, the warning lights will be ON and Klaxon sound.
This warns against landing with one wheel down and the other
partially or full up. Note wiring diagram No. 14-800 for de-
tails of switches, and size and location of conductors.

5. 0leo Struts, Main and Tail Gear.- These units dif-
fer from those on previous Boeing designs in that no springs
are used. When the oleos are in the fully extended condi-
tion--for landing--the majority of the shock absorbing work
is accomplished by the oil mixture. 7hen in the compressed
condition-~-for taxiing--the majority of the work is accomp-
lished by the compressed air. For best operating results,
it 1s absolutely essential that the required amount of liquid
and air pressure be maintained. A mixture of two-thirds cas-
tor oil and one-third Butyl alcohol should be used to fill the
oleos. Filling is accomplished by means of a small funnel
or grease gun througnh filler hole near upper end of strut
ad jacent to air valve. All air should be expelled from the
unit prior to removal of filler hole plug. With the oleos
in the fully compressed condition, liquid should be added
until it is level with the filler hole. Extreme care must
be used when installing and tightening the filler hole plug.
A special copper-asbestos gasket under the grooved head plug
is reguired to prevent leakage.

With the liquid at the proper level and the full load,
less pilots and payload, of the airplane on the units, they
may be inflated by means of air under very high pressure, as
follows:

(a) Landing gear oleos to approximately 470 1lbs.,
or until the piston is extended approximately
2-3/4 in.
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(b) Tail wheel oleo to approximately 380 lbs., or un-
til piston is extended approximately 4 in.

Before inflating a completely deflated unit, the air-
plane should be jacked up so that the piston clears the bottom
of the cylinder about 1/4", otherwise the piston cup may be
blown off,

Do not inflate the units with carbon dioxide or oxy-
gen. It is recommended that standard oxygen or CO02 cylinders
filled with compressed air at 2000 1lb./sq.in. be used for in-
flating the units.

"Preston” metal seat valves and caps are used to in-
sure against air leakage. The conventional rubber seat valves
give unsatisfactory service for the pressure involved; however,
they may be used if no spare Preston valves are available. If,
in case of emergency, it is impossible to pump up the oleos
to the recommended pressures, no serious difficulties should
be encountered from taxiing or landing. The oleos would only
appear rough due to piston bottoming while taxiing. No appre-
ciable difference would be noted during landing.

When it becomes necessary to disassemble the units for
overhaul or check, extreme care should be used to prevent any
damage to the special rubber compound cups employed. Absolute
cleanliness of all parts is essential prior to assembly. All
joints must be sealed with litharge and glycerine. Assembly
drawings Nos. 5-580 and 7-922 should be referred to during ma-
jor overhaul or disassembly of these units,

6., Wheels, and Tires - Main and Tail Gear.- The land-

ing wheels are manufactured by the Warner Aircraft Corpora-
tion, Detroit, Michigan. The wheel proper is a one-piece
alloy casting, equipped with Timken roller bearings and a
removable "Gunite™ metal brake drum. A removable stub axle
is press-fitted to the axle sleeve. To a flange on this
sleeve is bolted the brake beam on which are mounted the
hydraulic cylinders and brake shoes. The wheels are of drop
center design, equipped with 42 x 15-16 tubes and non-skid
casings. Removal of wheel is accomplished by removing the
.outer fairing disc and grease retaining cap. The outer bear-
ing retaining nut is then removed by means of an adjustable
spanner wrench--Warner Part No. FA-10l-l--furnished for that
purpose. The wheel can then be pulled off the stub axle.
The inner bearing cone remains as part of the wheel hub assem-
bly, being retained by the inner grease seal, which is a press
fit in the hub. These parts can readily be pressed out of the
hub when necessary.
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Instructions for Mounting and Demounting Low
Pressure Airplane Tires on Drop-center Rims:

Mounting Instructions - (a) Examine wheel flanges. Remove
any sharp burrs with a file. Mount first bead of casing on
wheel at the side opposite brake drum. Method of applica-
tion is a button-holing process, the necessary slack being
cbtained by keeping the applied part of bead as far into the
well of rim as possible. Use a flat, thin, smooth ended
tool if necessary.

(b) Remove core from valve in tube and evacuate prac-
tically all the air. Replace valve core and insert tube in
casing with valve stem pointed outward and positioned adja-
cent to the valve hole in the rim. Inflate tube until it is
well rounded out but not stretched. Work the tube over rim
flange preferably using a hammer as a tool, holding the ham-
mer head in the hand and pushing the tube with the end of
handle, progressively around the tube. Position valve stem
at hole and pull up with rim nut, as there is great danger
of pinching tube when mounting second bead.

(c) Mount second bead as instructed in (a) progress-
ing around bead in short advances. Do not sink tip of tool
far under casing as there is danger of injuring tube.

(d) Inflate to 25 lbs. pressure and tighten valve
stem rim nut.

Demounting Instructions -

(a) Remove rim nut and valve core. Allow tube to
completely deflate.

(b) Loosen tire beads from both sides of wheel.

(e¢) Remove bead from rim on the valve side of wheel
using two thin flat, smooth ended tools. The methods of re-
moving is a button-holing process, the necessary bead slack
being obtained by keeping the part of bead not yet removed
from the rim as far into the well as possible.

(d) Remove tube making sure that there are no sharp
burrs on the rim flange.,

(e) Remove second bead from the wheel as described
in {e).

VI - 5
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The above instructions apply to the landing gear wheel
tires only. The tail wheel tires may be slipped off the wheel
by removal of one flange. Inflation pressure however as re-
commended by the tire manufacturer is 25 lbs. for both the
landing and tail gear tires.

Wheel Installation and Bearing Adjustment: Extreme care
should be exercised when greasing the bearings prior to install-
ation of the wheels. The tapered roller bearings should be
greased with a heavy fiber grease with a high melting point
(3500 to 4500 F.) "Mobile Grease #5", "Opaline Universal Grease",
or the equivalent, is satisfactory. If a light grease is used,
it will thin out at high temperatures and foul the brake lining.
In packing the inner bearing cone it is well to lay the wheel
with its outer face down and hold the inner bearing cone so
that it is centered in place, packing the grease between the
cone and the grease seal. This will keep the bearing centered
during assembly and prevent any tendency for it to kant. Under
no circumstance should any grease be packed in the space between
the inner and outer bearings. After packing the inner bearing,
the wheel should be carefully slipped over the stub axle until
the inner bearing rests against the shoulder on the axle. The
outer bearing is then slipped on, grease worked in, and the
tongued washer and retaining nut installed. Bearing adjustment
is then accomplished as follows: draw up the nut until the
wheel drags, then back off (approximately 1/4 turn) until the
wheel turns freely, then cotter. Brake drag should not be mis-
taken for bearing tightness during bearing ad justment. Install
the outer grease retaining cap and fairing disc.

The tail wheel installation consists of a welded steel
tube support, a full swivel ball and rcller bearing wheel fork
with a coil spring centering device, and a Timken roller bear-
ing tail wheel, size 16 x 7-3. The complete assembly is attach-
ed to the rear fuselage bulkhead by means of three 1/2-inch
bolts-<-one at each lower longeron and one at upper oleo termin-
al fitting. All pinned joints subject to wear are provided
with steel bushings and Zerk lubricator fittings. Similar
fittings are also provided for greasing the roller and ball
bearings in the fork. A removable streamline tail piece en-
closes the complete assembly, except the wheel. A laced leather
boot excludes dust and mud from the assembly. Access to the
fork, Zerks, and oleo filler plug may be had by removing an
inspection plate on either side of the tail piece. Machine
screws and nut plates are employed to secure these plates.
Eight 1/4" bolts and castellated nuts are employed--four on
either side==to secure the tail piece to the rear bulkhead.,
A plug and socket is employed to break the tail light con-
ductor to facilitate removal of complete tail piece assembly.
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The tail light ts faired into the rearmost tip. For major
details of support and fork assemblies refer to drawings
No.6-2545, 14-809, and 15-2433.

7. Hydraulic Brake System: This system is shown dia-
grammatically by Figure 7. Each wheel is equipped with two
hydraulic cylinders actuating two separate brake shoes. The
upper cylinder operates the top of the front shoe and the
lower, the bottom of the rear shoe. The other ends of the
shoes are anchored by means of small rods bearing against
ad justing pistons, threaded into the corresponding ends of
the hydraulic cylinders. Each shoe is guided by a spool
and bolt at its center and is further located by a stop
screw which contacts the inside of the shoe near the oper-
ating end. Black bands are painted on brake system pip-
ing for identification purposes.

Brake Shoe Replacement and Adjustment: Brake shoes
are equipped with special lining which is moulded to the
contour of the shoe., After assembly, the lining is ground
to size, to assure full contact with the drums. It is,
therefore, advisable, when relining is necessary, to se-
cure shoes with new lining from the Warner Aircraft Corp-
oration, or to return the old shoes for relining and re-
conditioning. Adjustment of new shoes will be necessary
after they are first "run in", and occasionally there-
after to compensate for wear and to insure equal braking
ef'fort from both wheels. To remove brake shoes, it is
first necessary to remove the wheel. Release the brake
shoe springs and remove the guidebolts and washer at the
center of each brake shoe and brake shoe clevis pins. Be-
fore replacing the shoes, a very small amount of thin
graphite grease should be used on the clevis pins and the
end of the piston and anchor rods. Care should be used to
preven' any grease from getting on the brake lining.

In a "closed fluid" system of hydraulic actuation, as
employed on these airplanes, it is absolutely necessary to
open valves A, Figure 7, which lock the system, when brake
shoe ad justment is made; this to avoid "softness" and the
possibility of any vacuum forming in the system. Always
close the A valves after adjustment is completed. Bleed-
ing should not be necessary as a result of change of ad-
justment but it is well to "feel out" the system to as-
certain that sufficient fluid has been drawn in to com-
pensate for any increased capacity of the wheel cylinders,
using reservoir pump if necessary to eliminate softness.

A fluid of approximately 50% castor oil and 50% dia-

cetone alcohol, or the equivalent, must be used in the
system.

Nis. 3
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To adjust the brakes, proceed as follows: Remove the
outer wheel fairing. The release stop screws and adjusting
pistons are now accessible through the wheel spokes. With
a short end wrench, turn the release stop screw until the
cledarance between the brake shoe and drum is approximately
.006"-,.008" at the feeler gauge slot nearest the release
stop screw. Using a special wrench (Warner Part No. FA-103)
furnished for the purpose, screw out the adjusting piston
until the clearance between the brake shoe and drum is .0l10"-
.012" at both feeler gauge slots, read justing the release stop
screw if necessary. When the correct ad justment is obtained,
be sure the brake shoe is approximately centered with rela-
tion to the centralizing spool. Repeat the above operation
until both shoes in each wheel are properly adjusted to vive
clearance of .010" to .012

The wheel cylinders contain an operating piston, the
ad justing piston {(threaded into the c¢ylinder), a spring and
two rubber piston cups. They are closed on the operating
end with a dust cap and the ad justing piston is locked with
8 special clip. It is meortant that the rubber piston cups
are clean and that the operating piston is free from scratches.
Cylinder walls should be inspected for scores. The adjusting

Uiu.o“ should never be rotated so that its ears extend more
than 1/2" beyond the end of the cylinder. Both rubber cups
nust be removed and assembled through the operating end of

t“e cylinders, as the threads at the opposite end of the cy-
linder may damage the cup lips. Coat the rubber cups and
piston with castor oil to assist insertion.

The system should be filled by actuating the pump in
the reservoir. This unit is located to the left of pilot's
seat and connected to the master cylinders by means of a
1/4" copper tube. One each master cylinder is located just
forward of the pilot's right and left rudder stirrup and ac-
tuated by the brake pedals. No brake pedals are provided
for the copilot. With reference to Figure 3, the system
should be Tilled and adjusted as follows: open valves "A"
and remove plugs from wheel cylinder bleeders. Pump liquid
into system until it runs out of lower wheel cylinder bleed-
er. Plug these and pump until liquid runs out of upper
wheel cylinder bleeders, Plug these, and open valve "B",
Pump until fluid runs out of valve "B" outlet, making cer-
tain that the brake pedals are in full aft positionq Close
valveo "A" and "B", and test for softness. If air appears
to b€ylines, open valves "A"™ and "B" and press lightly on
pedals until fluid starts to overflow at "B". Close "B".
Pump gently from reservoir until pedals are back to within
3/32" of pedal stops which will give approximately 3/4"
play at the top of brake pedal then close valve "A",
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If the system is filled to absolute capacity by pumping un-
til the pedals are all the way back against stops, it is
possible that the fluid might expand due to heat or extreme
warm weather and cause the brake shoes to drag or in extreme
cases to bind.

Special Note: All concerned are warned against tilt-
ing the brake pedals aft on the first 20 airplanes, NC 13301
to 13320 inclusive., A solid connection was provided on these
planes between the brake pedals and the master cylinders.
Pulling back on the pedals-~when and if the cylinders are
not sufficiently filled--causes air to be drawn into eylin-
ders past rubber cups. A special connection--operable un-
der compression only--~is used on subsequent airplanes,

After initial filling, or whenever a line is discon-
nected, it is necessary to "bleed" the system. Always bleed
the lower wheel cylinders first. Each bleeder tube is clos-
ed with a pipe plug. %Vhen tightening or locosening these
plugs, two wrenches should be used: one to hold the tube
body and the other to turn the plug. During bleeding of
the system, it is well to replace the wheel cylinder bleed-
er tube plugs with 1/4" hose nipples; this to salvage ex-
cess fluid by means of a short length of rubber hose secur-
ed to the nipples.

Parking Brake: This unit consists of a ratchet and
pawl actuated by a lever projecting thru a slot in instru-
ment board near left end. The function of the lever is to
engage the ratchet and pawl when raised ("™ON") and disengage
them when lowered ("OFI"™). Tt is held in either position by
means of small coil springs. To hold the brakes in the ON
or applied condition, it is necessary to raise the lever and
depress the brake pedals simultaneously as far as possible.
The ratchets and pawls hold them in this position. To re-
lease, depress the pedals simultaneously a slight amount
and lower the lever. The pedals will then return to normal.
For details of brake cperating mechanism see Dwg. 14-822,

8. Axle Bearings, Jack Pads, etc: The special atten-
tion of Overhaul and Repair personnel is called to the de=-
sign and installation of the axle bearings on lower member
of front spar. The bronze bearings--bolted to spar member--
are machine turned in pairs. This to insure a perfect fit
with the upper bearings of the strut and oleo leg, When
bolting the two bronze halves to the spar member extreme
care must be used to prevent squeezing the bronze bearing
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out of round. Even tho filler plugs are provided in the
spar member, caution should be used. It is imperative that
a proper fit be made during installation of these bearings
to preclude any possibility of binding. Binding will cause
stiff operation of the gear and also may cause a very unde-
sirable twisting condition to the spar member., These bear-
ings should be hand fitted before the wheels are installed.
They should also be inspected and greased periodically,

Jack Pads--one each on lower spar member--are provided
for lifting the completc¢ airplane, With jacks of sufficient
capacity the entire airplane may be raised for removal of
wheels or gear or for operating the retracting mechanism.

Special eye bolts are used at lower connection of oleo
strut to axle. These bolts provide a convenient point for
attaching towing gear.
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SECTION VII

ELECTRICAL SYSTEM .

1. Description: The electrical system employed on these
airplanes is a one-wire, negative-ground return, fused-circuit
installation. Cables are strung thru and shielded by means of
s0lid aluminum tubing, or Breeze copper braided flexible, con-
duit. In congested and inaccessible areas short lengths of
br<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>