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POWER PLANT AND PROPELLERS

GENFRAL

The C-47 is powered by two 14 cylinder Pratt and Whitney engines, designated
R-1830~-92. Each engine is equipped with a 11 foot 7 inch diameter Hamilton

Standard Hydromatic propeller geared down to a 16:9 ratio. The engines are

equipped with PD-12H4 Stromberg pressure injection carburetors.

Starter

A Jack & Heinz, JH-3R combination electric inertia direct cranking starter is
mounted on each engine, and is controlled by switches mounted on the overhead
electric panel. ,

l. The engine is P & W .

2. Each engine is equipped with a Hamilton Standard R-1830-92
Hydromatic, speed propeller of diameter
and geared to a ratio of .

type. 16:9

3. The carburetor is a model PD-12Hj, of the constant; 11 feet 7 in.

4, The starter is a Jack & Heinz, model JH-3R electric Stromberg;

R cranking type. pressure injection
5. Each starter is controlled by two switches, one inertia
marked and the other marked . continuous
6. The starter switches are located on the energize
panel. engage

overhead electric

FOPS-783



DIRECTED STUDY PROGRAM

PAGE: 1a

DATE: 15 April 67
REF: 1080-3

RIGHY FRONT VIEW OF ENGINE

. Govemor Drive Dehy-

©® ® N O

11.
12.
13.

drator Plug

Thrust Bearing Cover
Plate

Thrust Bearing Nut

SAE No. 50 Propelier
Shoft Spline

Front Saction Scavenge
Oil Retum

ignition Manifold
Rocker Oil Suction Tube
Rocker Shaft

Pustwod Cover Tube
Rocker Shaft Cop
Rocker Box Cap

Rocker Drain Tube
Cylinder Flange Nuts

0T.789




DIRECTED STUDY PROGRAM | ™™ *

) ‘ DATE: 15 April 67
(’1-447 ' ‘ REF: 1080-3

G )

«

! A =
7 '!5:".\\” %&t -
A %12
=

l \7‘,}”
o \\\\;{‘;
enr—

Fuel Pump Drive

Rear Case Scavenge Oil Strainer
Fuel Drain Valve

Vacuum Pump Drive

Strainer Chamber Drain Plug

Oil Pressure Goge Connection
Oil Sump Drain Plug

‘Rocker Qil Drain Plug

BNOVMAEWLN

BOTTOM VIEW OF ENGINE

FOPS-78%



DIRECTED STUDY PROGRAM | ™ *

paTE: 15 April 67

C-47 B

S

, ;é;\;\\\\\\‘\\\\{\\\\‘“ \

i il \¢ . \

S el

. ~~.....u‘|% B ‘\.’

{ g ml\lm\

4- iy R I —

‘% -«“ ‘ m“m\tlllﬁ-"#:“ i Q. g’e

@-.-i«’" i e it ////(w |

\ll\llllllll\ll‘"“ SN\ 7;”" o !”’ '
W2\ WO

; 7 !/ . .
X\\\\\/‘“ﬂ’;\'&\\k RN L o— o] e »":‘:}A’?&_ I'y//,//////

FIRING ORDER=1-10-5-14-9-4-13-8-3-12-7-2-11.6 P
OUTER NUMBER =—FIRING SEQUENCE

/t
Z
({
d
¢

"V INNER NUMBERS —CYLINDER NUMBERING JRE R
M=—MASTER CYLINDER

éaai T S 2;5 ﬁ%i%ﬁa s
M pmmed ?’ .J‘\ Q :e
%’ = %{\_&',\ \ /
\ = ? P
‘ o é P

Engine Cylinder Numbering ana Firing Order

FOPS- 789



DIRECTED STUDY PROGRAM | ™ °

. 15 April 67
C-47 | DATE

REF: 1080-3

ICNITION SYSTEM

Ignition system consists of a dual magneto, two distributors, a harness manifold,
and twenty~eight spark plugs. For starting the engine an auxiliary source of
electrical power for ignition is supplied by a vibrator ("boost™ coil). The out-
put of the "boost" coil flows through the system in the same manner as the magneto
output during normal operation, and fires the front plugs of the front row of
cylinders.

SUPFRCHARGER

Supercharger is operable only in LOW blower position and the gear ratio is 7.15:1.

CARBURETION AND AIR INDUCTION

During normal operation, ram air is supplied through an air duct on the top cowl
panel. When heater air is required for the carburetor, a carburetor heat door
can be operated to close off the ram air duct and open a passage through which
heated air from the engine section flows to the carburetor.

Metered fuel from the carburetor is discharged from a slinger ring directly into
the blower chamber. Priming fuel is introduced into the air stream through dis-
charge nozzles just before the blower throat.

FIREWALL SHUT OFF VALVES

Firewall shut off valves installed at the firewall, these solenocid operated valves
are electrically operated from the cockpit and serve to shut off fuel and hydraulic
fluid to the engine section. For details of operation, refer to the "Fire Pro-
tection'" section of this manual.

NCTE: On Company modified C-47's the lubricating oil firewall shutoff valve has
been deleted and there is no provision for shutting off engine oil.

1. Ignition is supplied by a magneto, two s
a harness manifold, and spark plugs.

2. Each engine is supplied with a vibrator boost coil, dual
which supplies a hot spark to the magneto and distributors
through the distributor and harness to the 28 .

plugs of the row of the cylinders, for start-
ing the engine.

3. The vibrator boost circuit is automatically closed right
when the switch is depressed. front; front
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supply of to the engine, which has been de-
leted on our company aircraft.

4. The supercharger is operable only in the starter engage
blower position, and the gear ratio is . :
5. Ram air to the carburetor is taken from the air . LOW
duct on the cowl. 7.15:1
6. Heat is supplied to the carburetor by means of a top
heat door which shuts off the and admits
heated air from the section,
7. Priming of the engine is effected through dis- ram air
charge nozzles at the .
8. Shut off valves are located cn the side of blower throat
the each firewall to shut off the supply of
and . to the engine in case of emergency.
9. In the standard C-47 supplied by the customer, there| aft
is also a firewall shut off valve to shut off the fuel

hydraulic fluid

oil
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STARTING ENGINES
Normgl Stg;tigg - (See "Normal Operating Procedures! Section of this Manual.
Starting on ship's Batteries — this procedure is permissible only when an external

power source is not available. Before starting, turn off all electrical equipment
not absolutely required.

R d

1. Normally the engine should be started on power
to conserve the .

2. When external power is not available and starting external
must be accomplished on plane's batteries, ensure planets batteries
that all electrical equipment is turned off except
that which is absolutely e

required
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STARTING LNGINES

The First Cfficer will start the right engine and the Captain will start the left
engine, It is recommended that the right engine be started first.

1. Tropellers clear, fire guard posted.
2. Fuel booster pump switch - OK: (Check fuel pressure)

3, Starter switch - Ll'GAGE.

ICOTE: To clear the enpine and insure proper lubrication, pull the propellers

through 15 blades with continuous starter operation. Fifteen blades are

required {or any start made after a 2-hour shutdown period. Eight blades will in- |
sure elimination or detection of hydraulic lock of engine starts made within 2 hours
of last shutdown, If inertia starters are installed and the engine has been shut
down 2 hours or more, the propeller will be turned through with the starter, The
starter will be used as a direct crankxng starter, using the energize and mesh
switches sinultaneously.

4. Ignition switch - BCTH,

5, Prime - 15 LELUIRED. V

Steady priae for cold start and intermittent prime for warm start. When engine
starts to fire, hold steady prime and adjust throttle for 800-900C RPH, then, move
nixture to Aulc~itich.

CaUTICH
If the =ngine does not start, continuous use of the engine starter should be li-
mited to (0 seconds, :illow 5 to 10 minute cooling periods between attempted starts.

Co Transition fron prime to carburetor will noted by a 100-200 RPH drop. Release
priner and re-adjust kPl to 100C-120C for warm-up.

7. Uil pressure - ITHIK LIMITS.

CAUTICK
If ¢il pressure is not indicated within 30 seconds, stop the engine and determine
tlie reason.

8, Throttle - ~3JUSTED.
{perate the engine at 1000 to 120C RFi! until oil temperature and oil pressure
are within limits, . -

CAUTICH
Frelonged idiing below 300 EPIM may damage the spark plug elbow insulation, as
the cylinder head temperature will rise quickly and may exceed limits.

S. Fuel booster pump switch -~ CFF,
Turn the booster pump CFF after the engine is running smoothly.
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10.
11,
12.

130

14,

15,
16.

17.

Fuel pressure - WITHIN LIMITS.
Vacuum pressure - CHECK,

Deicer pressure - Check.

‘Hydraulic system pressure - CHECK.

a. Test the right engine-driven pump with the landing gear lever in N!UTRAL and
move the wing flap lever to DGWN.
FOTE: As the wing flaps are lowered, the hydraulic aystem pressure up mm.
tion should decrease.
b. When the wing flaps have reached full down, the hydraulic syaten prenur‘ -
should immediately increase to within limits. _

Gear safety pins - REMOVED.
Captain will signal for ground crew to remove the safety pins.

Sta.rt the left engine repeating steps 1‘ through 10,

External power (if used) - DISCONNECTED.
Captain will signal for ground crew to disconnect the eoatemal power source,

Battery switch -~ ON,

FOPS. 789
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FROFELLERS

The Hamilton Standard propellers on our C-47s are three-~bladed, hydromatic, full
feathering, constant speed propellers. They have a diameter of 11 feet 7 inches
and the blade settings are from 16 degrees (low pitch) to 88 degrees (high pitch),
the constant speed range is from 16 - 45 degrees, blade angle. The propeller blade
is known as the 6477A-0. This wide angle blade was developed by the manufacturer
to assist in engine cooling for:the C-47 engine installation when towing gliders.
While the blaae is more efficient for take~off performance than the needle blade
propellers, it losses efficiency at altitude, and the airplane is not as fast.

In the constant speed range the position of the propeller blades is controlled by
an engine operated governor which is adjustable from the cockpit to give any
desired engine RPM from approximately 1200 RPM to 2700 RPM. The feathering and
unfeathering of the propeller is accomplished by means of an auxiliary electric
driven feathering motor operating an oil pump and controlled from the cockpit.

¥

1. The propellers are Hamilton Standard, - bladed,

hyaromatic, full » speed -type.
2. Propeller diameter is . three; feathering;
: constant
3. The high low pitch settings are degrees and 11 feet 7 inches
degrees, the latter being the feathered posi- .
tion.
4. The constant spveed range is from to °, 16; 88
5. The propeller blade is model 6477A-0, known as a 16; 45
blade - -

6. The paddle blade propeller was developed during the paddle
war for better engine when towing gliders,
and is more efficient for performance although
slower at .

7. The constant speed range is controlled by a governor | cooling; takeoff;

from approximately RPM to RPM. altitude
8. Feathering and unfeathering are accomplished by an 1200
pump located on the cof the firewall. 2700

electrie

aft side

FOPS. 789




PAGE: 8

DIRECTED STUDY PROGRAM |™™
C-47 I i

THE PROPELLER MECHANISM

The propeller blades are controlled by a hydraulically operated piston and cam
assembly attached to the hub of the propeller with the cam geared to the base of
the propeller blade. The piston carries rollers which fit into the same slots,
and as the piston mores forward, the cam cylinder is rotated in a direction to
increase the angle of the propeller blades. As the piston moves to the rear, the
blades are rotated so as to decrease the blade angle. The dome in front of the
propeller hub acts as the cylinder in which the piston acta.

There are two cam cylinders, inner cam, and an outer cam. The two cam cylinders
are assembled concentrically, the outer cylinder being attached to the propeller
hub, and the inner cylinder being geared to the propeller blades. The double cam
arrangement reduces the length of piston travel necessary to produce a given blade
movement; and the outer cylinder, being rigidly attached to the hub, prevents the
piston from rotating instead of the propeller blades.

THE_GOVERNOR

The governor is a small centrifugal governor driven by the front cam gear of the
engine. The flyweights control a pilot valve which is held downward by a com-
pression spring. The force of the spring and the centrifugal force of the fly-
weights balance each other when the engine is running at the proper speed. The
speed of the engine may be changed by changing the compression force of the spring
by means cf the cockpit control. The governor contains an auxiliary oil pump
which raises the pressure of the oil delivered by the governor to 200 psi.

With the compression of the governor spring set at a given value by the cockpit
control, the engine must turn at a speed which will cause the flyweights to balance
the spring force. If the throttle is opened and more power is applied, the engine
speed tends to increase. The increase in speed causes the flyweights to over—
balance the spring force and lift the pilot valve. Governor oil under 200 psi
rressure is then directed to the space behind the piston in the propeller, and the

' angle of the blades is increased. The increase in blade angle increases load on-
the engine and reduces its speed.

When the speed is reduced to the proper value, the pilot valve réturns to its
proper position, and the oil behind the propeller piston is trapped and the blade
cannot move,

If power is reduced by partially closing the throttle, the engine tends to slow
down. The governor spring overcomes the force of the flyweights, and the pilot
valve is pushed down. In this position the governor allows the oil in back of the
piston to bleed back through the governor, and into the crank case of the engine.
The centrifugal force of the propeller blades and the engine oil pressure in the
forward part of the dome, force the piston to the rear, reducing the propeller
blade angle. The reduction of the blade angle relieves the load on the engine and
allows it to speed up until the force of the flyweights again just balance the
compression of the governor spring.

FOPS.789
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CHANGE IN ENGINE SPEED WITH COCKPIT CONTROL

When the propeller control in the cockpit is mor ed forward, the compression of the
governor spring is increased. The additional force pushes the pilot valve down,
and the blade angle will decrease until the engine speed increases to a value
sufficient to bring the pllot-valve back to neutral.

When the propeller control is moved to the rear, the compression of the governor
spring is reduced., This allows the flyweight to raise the pilot valve, and the
blade angle will increase until the engine speed reduces sufficiently to bring
the pilot valve back to neutral,

" FORCES CONTROLLING PROPELLER BLADES

In the constant speed range the propeller blades are forced into high pitch (low
engine speed) by the 200 psi governor oil pressure behind the piston in the dome.
This pressure must overcome the centrifugal force on the propeller blades and the
85 psi in engine oil pressure which is always present in the forward part of the
dome.

The propeller blades are forced into the low pitch position (high engine speed)
by virtue of the governor oil pressure behind the piston belng relieved, so that
the centrifugal force on the propeller blades and the engine oil pressure in the
forward part of the dome may force the blades into low pitch.

PROPELLER FEATHERING MECHANISM

The oil pressure necessary to force the cam rollers out along the steep part of
the cam slot and to carry the propeller blades into the feathered position is
furnished by an auxillaxy electric—driven feathering pump. The pressure required
for this operation is between 4LOO and 450 psi depending on the tlghtness of the
blades and the temperature of the oil.

The feathering pump is operated from an electrical switch in the cockpit.

pump draws oil from the sump of the engine oil tank and delivers this oil to the
bottom of the propeller governor. The feathering oil pressure operates a plunger
valve which closes off the oil passage from the governor and allows the feathering
oil to flow to the propeller through the same passage used for governor oil. The
high pressure oil forces the cam rollers along the steep part of the cam slot until
the end of the slot is reached. In this position the propeller blades are at an
angle of 88 degrees and the propeller will not windmill. The propeller must be
closely watched during feathering to see that the switch releases at the moment
that the propeller stops turning. Ordinarily, the propeller feathering button
will kick out when the propeller is fully feathered, but sometimes this switch

is stuck and is not deliberately pulled, the propeller will immediately unfeather
and continue to unfeather resulting in overspeeding the engine and possibly causing
damage.
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In the event that the engine oil is lost due to a failure of an engine oil line,
the propeller can always be feathered with the reserve oil which is below the
outlet to the engine 0il pump in the bottom of the oil tank. The quantity of
‘reserve oil for feathering is enough to feather the propeller once.

1.

The governor assembly includes a gear-driven
and regulating valve to supply psi via the
pilot valve to the propeller dome.
2. A piston and cam mechanism and the pump operate to boost pump
set the blade angle as determined by the valve. | 200
3. O0il pressure for feathering is supplied by the povernor pilot
auxiliary feathering pump at between and
, and for unfeathering at to psi.
4, Operating the feathering switch causes the feather— | 400
ing pump to supply this pressure to the bottom of 4,50
the propeller governor, operating a valve 500
which closes the oil passage from the governor | 550
and supplies the high pressure oil to the propeller
dome,
5. The high pressure forces the cam alcng the plunger
steep part of the slot to the full extent of the normal
cam . )
rollers

FOPS. 789
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PUSHBUTTON SWITCH COCKMT CONTROL RELAY GOVERNOR FEATHERING PUMP WYE DRAN |

PUSHBUTTON
SWITCH

PRESSURE CUT-OUT

SWITCH MOTOR

HOLDING COtL

AIRPLANE
STORAGE BATTERY

L)

WIRING DIAGRAM — IDENTICAL FOR ALL ENGINES

Typical Propeller Feathering Accessories Installation
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(1) CENTRIFUGAL TWISTING MOMENT.
(2! ENGINE OIL PRESSURE
{31 GOVERNOR OIL PRESSURE

-Propeiler Conliol Forces
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The

A.

C.

FUEL SYSTEM

GENERAL

C-47 is equipped with a four tank fuel system. The basic arrangement is con-

sidered to consist of two independent fuel systems, with a main or an alternate
tank available to supply each engine,

Fuel Tanks

The two main tanks and the auxiliary tanks are mounted in the center wing of
the aircraft, Each fuel tank is vented to the atnosphere.

Fuel Tank Seiector Valves and Controls

A fuel selector valve for each engine, operated by dial and handle controls is
in the cockpit, Under nornal conditions, the left engine draws fuel from the
left tanks, but by using the selector valves, fuel may be suoplied from any
tank to either engine.

NOTE: No provision is provided for fuel dumping, except onm one special air-
craft located at BKK.

Eneine Driven Fuel Pumps

Are positive displacement vane type. A by-pass within the pump routes fuel
from the electric fuel booster punp througt the engine drive puip to the
carburetor in the event of engine puup failure,

Electrical Fuel Booster Puips

Are single speed, centrifugal tvpe, installed in the tank-to-engine line, The
control switches are located on the overhead switch panel. Power is supplied

to both pumps through two circuit breakers, located on the main junction box,

The booster punps are used as outlined under "OPEZATION' in this section,

Fuel Pressure Gauges

One cual direct recading, pressure operated type fuel pressure gauge, located
on the engine instrument panel, indicates the pressure of the fuel at the
carburetor inlet.

Fuel Priming

A solenoid valve, nounted on the inlet side of each carburetor, is operated by
2 single momentary switch in the engine starting switeh cluster, To obtain
fuel flow through the priming system for starting, the respective fuel booster
punp must be on,

FOPS-. 789
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Fuel Quantity

One liquidometer type, fuel quantity gauge is installed on the instrument
panel. On the front of the indicator is a four-position selector switch which
allows the selecction of the dial for the tank desired. ZEach dial is calibrated
from O gallon to the capacity of the particular tank. One liquidometer is
installed in each of the four tanks,

NOTE: The fuel quantity gauges in Company C-47 are calibrated in a three -
point attitude, not in normal flight attitudes.

Carburetors

See "FPUANER PLANT® Section in this manual.

Fuel Measuring Stick

A "Dipstick"™, having a calibration in gallons for each tank is carried in the
cockpit.

Fuel Tank Capacities

Iﬂft min‘-.‘..'..l'.“.‘.. 202 UQS‘ gallons.'...".'.. Right min
ft auxiliary.ceeeececesss 200 U.S. gallonS.soceeses.. Right auxiliary

Fire Wall Shut Off Valve

Solenoid and manualy operated (depending on type of Fire Extinguishing
System) shut off valves are installed on the engine fire walls to shut
off fuel to the engine section,

FOPS- 789
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A.

C.

D.

OPERATIONS

Minimun Fuel On Board ~ For any take-off, shall not be less than specified by
Flight Dispatch Form. The minimum stick measureable fuel in each of the two
main tanks will be not less than 50 gallons in each tank.

Fuel Usage Procedure ~ (Normal)

1. Take-off and landing shall be made with each main tank supplying fuel to
its respective engine.

2. Start warm up and taxi on auxiliary tanks.
2. Switch to main tanks prior to run-up.

4. 20 gallons per side (minimum), then change to the main tanks and continue,
or cruise on the auxiliary tanks until approaching your destination, then
at some convenient time in or near the traffic pattern, change to the
main tanks, continue and land.

NOTE: Normally do not intentionally run a tank completely dry. If flight
conditions necessitate completely draining tanks, the last 20 gallons
(approximately) in each tank should be run out with the booster pump
off, carefully monitoring the fuel pressure for indication that tank
is running dry. Turn on booster pump before switching tanks.

Fuel Iocading Procedures
1. The main tanks will be loaded to capacity prior to filling auxiliary tanks.,

Use Of Fuel Booster Pumps
1. Booster Pump ON

a. PFor starting engines

b, For take~off .

c. In climb when required to maintain a minimum of 16 psi

d. In cruise above 10,000 feet of altitude or at any time required to
maintain fuel pressure at a minimum of 16 psi

wWhen selecting a new fuel source, turn on booster pump before selecting new
tank.

Anytime fuel pressure drops below 16 psi.

For all landings.

FOPS. 789
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CAUTION: Booster pumps should not be operated in any system where it is known or
suspected that a leaking or broken fuel line exists. When booster pumps
are used, the fuel system from the booster pump to the carburetor is
under pressure, whereas operation on engine pumps only places the same
fuel line areas under suction.

A leak in the line with booster pumps "OFF" will be indicated by fluc-
tuating fuel pressure resulting from the introduction of air into the
system, With booster pumps "ON" there will be no cockpit indication of
a minor leak; also, fuel will be pumped into the area of the leak,
creating a fire hazard.

FOPS.- 7889
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displacement type which supply fuel to their res-—
pective engines at psi on Company aircraft,
psi on USAF aircraft.

REF: 1080-4a
1. There are fuel tanks, consisting of a and
on each side of the center section.
2. Each main tank holds and each auxiliary tank four; main;
holds gallons. auxiliary
3. Each fuel tank is vented to the . 202; 200
L. There are fuel selector valves located at the atmosphere
top of the center on each side.
5. The left fuel selector belongs to the _ and the two
right fuel selector belongs to the . control pedestal
6. Each fuel selector can direct fuel from of left engine
the tanks to its engine. right engine
7. For example, the left engine may be operated on the any one
auxiliary tank and right engine operate from four
the tank simultaneously.
2. There is for fuel dumping. right; left main
9. There are two engine driven fuel pumps of the no provision

pressure is piped to the from the line,

10. The fuel pump contains a to allow fuel from positive
the boost pump through the carburetor, for 16 to 18
in case of failure. 16 to 18
11. There are two electric fuel punps located by-pass; starting
downstream from the fuel valve in each side. engine pump
12. They are speed, type. boost; selector
13. They are controllied by switches on the single
switch panel. centrifugal
14. 28 V dc is supplied to the pump through circuit overhead
breakers on the junction box.
15. There is one direct reading fuel pressure gauge on main
the instrument panel, which indicates fuel
pressure at the .
16. Tt is called direct reading because fuel under engine

carburetor inlet

FOPS- 789
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burn at least gals from each main tank and

then switch to tanks until approaching
destination, or until the tanks have been
burn off.

REF: 1080-4a

17. A switch located on the engine starter switch | instrument
panel actuates a valve on the inlet side of carburetor
the carburetor.

18, The primer switch will not prime the engine unless momentary primer
the is turned on.

19. Fuel gquantity is measured by a located in boost pump
each of the fuel tanks. '

20. A liquidometer consists of a at the end of a liquidometer
moveable arm which in turn is geared to actuate a four

across a semicircular .

21l. The 28 V dc supplied through this contact arm and float
resistance strip is circuited to indicate fuel contact arm
quantity in on a position electric resistance strip
gage.

22. The gage may be selected to any one of the four gallons
tanks by a selector switch. four

23. In the Company aircraft the quantity gages are rotary
calitrated with the A/C in a attitude, and
not in a attitude.

2L. A dip stick is provided for measuring the fuel by three point
insertion *through the fuel tank and is normal flight
calibrated to indicate fuel quantity in either
the cr tanks.

25. The minimum stick measureable fuel in each of the filler neck
twe main tanks rmust not be less than for main
any take-off. auxiliary

26. Minimum fuel for any take~off shall not be less 50 gallons
than specified in the form.

27. All takeoffs and landings shall be made with the flight

tanks to their respective engines. dispatch

28, It is recommended to start, warm up and taxi on main
the tanks.

29. You should switch to tanks prior to run up. auxiliary

0. From the start of take-off, the procedure is to main

0T. 769
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leaking into

a minor leak, since fuel under pressure will be

of the

aircraft.

REF: 1080-4a
31. Under normal conditions run a tank dry, but if |20
conditions necessitate, the last gals should auxiliary
be run out with booster pump . auxiliary
l32. Always turn on before switching tanks. do not; 20; OFF
33. In fueling the A/C tanks must be filled prior booster pump
to filling tanks.
34. The fuel boost pumps are used for engines, for | main
in , in abeve 10,000 ft., or at auxiliary
any tlme when they are required to maintain fuel
pressure at minimum of psi (Company A/C) or
psi (USAF).
35. When changing tanks, turn before selecting starting; takeoff;
new tanks. climb; cruise; 16; 14
36. Boost pump ON whenever the fuel pressure drops booster pumps ON
below psi.
37. The normal fuel pressure range is psi for 16 (Co. A/C) or
Company A/C, and for the USAF. 14 (USAF)
38, When using boost pumps, the fuel lines from the 16 to 18
tanks to the engine fuel pumps are under s 14 to 16
whereas under normal operation with boost OFF the
same fuel lines are under pressure.
29, For this reascn, never use when a leaking fuel | positive pressure;
line is known or suspected to exist. negative pressure
(suction)
LO. A leaking fuel line with boost OFF will be indicated | boost pumps
by resulting from leaking into the line,
41. With boost ON there will be in the cockpit of pressure fluctuation

air

no indications
other areas
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7

SELECTOR VALVE

FUEL QUANTITY
INDICATOR

SELECTOR VALVE

RIGHT ENGINE
FUEL TANK SELECTOR

except as noted.

A
MAIN TANK .
' 10 H d':g’.)'b/
\\ NEE AUX TANK W Note:
friosy \\ """"" < T Right side shown,
VALVE L\ Left side typical
\
N

FUEL BOOSTER
PUMP SWITCH

" S o S

ENGINE-DRIVEN
FUEL PUMP

&
.®

CARBURETOR
TO ENGINE
TO ENGINE -
L. -~

OliL DILUTION
SWITCH

" -~

| .
A

[LATE AIRCRAFT
FUEL BOOSTER N ONLY)
PUMP g.. 3
LATE AIRCRAFT ONLY] G
\ —
% T = - — ‘
\ - — - FUEL
SRR FROM LONG RANGE — WOBSBLE
FUEL TANKS ‘ PUMP
A FIREWALL (PROVISIONS ONLY) HANDLE
= SHUTOFF - {EARLY
¢ VALVE e ——— AIRCRAFT
T — ONLY}

AR rueL surmy
— e
CROSS-FEED

IBIERES VAPOR RETURN
ELECTRICAL ACTUATION
MECHANICAL ACTUATION

—————
E—

FIREWALL SHUTOFF
VALVE HANDLE

CROSS-FEED CONTROL
VALVE HANDLE
{EARLY AIRCRAFT ONLY)

. F

FUEL PRESSURE
WARNING LIGHT

PRIMER SWITCH

{LATE  AIRCRAFT}

FUEL PRESSURE
GAGE

HAND FRIMER
(EARLY AIRCRAFT)

Hand primer pump located in
nacelle on some aircraft only.
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SOME S

FUEL SYSTEM C-47 AIRCRAFT )

L @ e

@] FUEL DUMP SWITCH

RH LONG RANGE
FUEL TANKS

DUMP VALVE

) -

VALVE ‘ ‘,0\
TO RIGHT ENGINE d \ A
PSR (WUITGAY  ANAN \\\“ LLLLLRLLHANAARAN

PAFUEL BOOSTER PUMP

ﬁ\ CROSS FEED SWITCH

':.‘i\
TO APP AND
§------------‘- O A ¢ wearex  FUEL BOOSTER PUMP SWITCH o1,
N RIGHT SIDE SHOWN,
FIR‘-E\t/_A-LILji.‘LUlClFi \LAE.V_E'_ . - % LEFT SIDE TYPICAL
N ESTITITY FUEL SUPPLY
(Q ENGINE DRIVEN FIREWALL SHUT OFF
g FUEL PUMP vALVE HANDLE N FRESSURE
EEEEEN VAPOR RETURN
l ELECTRICAL ACTUATION
CARBURETOR ‘ ----- MECHANICAL ACTUATION
‘ | .

TO ENGINE

PRIMER

10 encine <l | I FUEL PRESSURE GAGE

]

OIL DILUTION AND
\ ENGINE PRIMER SWITCH

TO 01
DILUTION LINE

0T.789



e

FUEL SYSTEM MANAGEMENT

DIRECTED STUDY PROGRAM |

1L

LONG-RANGE TANKS

LH AUX TANK k—‘

LtH MAIN TANK

LH ENGINE
BOOSTER PUMPS FUEL TANK
" Ret SELECTOR
ON oM W
CFF OFF @b

RH AUX TANK

RH ENGINE LONG-RANGE FUEL
FUEL TANK SHUTOFF HANDLE
SELECTOR

ON “ W OFf

@%% pod

<

NORMAL ENGINE STARTING OPERATION.
BOOSTER PUMP ON TO ENGINE BEING STARTED.

|

LONG-RANGE TANKS

| L AUX TANK

[

LH ENGINE

BOOSTER PUMPS FUEL TANK

Note: - o SELECTOR

On a¢ requien oM LN @

sy mreointon fuel «

press ire I@ @ \@@
N o WQ \
OFF OFt 0

RH AUX TANK

RH ENGINE LONG-RANGE FUEL
FUEL TANK SHUTOFF HANDLE
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ON &~ ™= OFt
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OIL SYSTEM

GENERAL

Engine lubricating oil is supplied by two independent oil systems, one for each
engine, Each system contains a tank, a cooling radiator, engine ariven pressure
and scavenging pumps, and pressure and temperature indicators,

A,

0il Tanks

Are locuted aft of the respective engine iirewall. Each tank has a capacity
of 29 gallons with space provided for 10% expansion anc foam. A stand-pipe
is incorporated providing a 2% gallion reserve of oil which is available only
to the propeller feathering punmp.

0il Cooler and Controls

Cil is cooled by 2 radiatcr installed in the oil return line between the
engine and the tank. 0Oil temperature is controlled by positioning of the
0il cooler air exit shutters, which can ve operated by a manual control.

Qil Emergency Shut-0ff Valves

Have been deleted {from Ccmpany aircraft. There is no provision for shutting
off o0il to the engince in the event of engine fire.

Uil Pressure - Temperature - Quantity

Qil Pressure - Is measured by two direct reaaing, pressure operated gauges.

0il Temperature - Is measured by two D.C. powered units which extend into the

nacelle oil tank outlet., A dual oil temperature inaicator
is mounted on tre engine instrument panel.
Vil Quantity - Is measured by dip stick attached to oil filler cap under
access doors on the top of each nacelle, ’

0ii Dilutior Switches

Consist of a spring loaded single-pole, douvole throw switch, placarded OIL
LILUTION LeFT, wIGHT mourted on the electrical panel to energize one solenoid
vaive mountea on the forward ftace or euach firewall, The circuit receives

24 voll LC power through a 10 Anpere circuit vreaker located in the main
Junction box.
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OFERATION

A. 0il Cooler Lonirols

e

2.

3.
by

5.

Are normally left forward unless oil temperature falls below 60°C when the
controls are moved aft in order to maintain desired oil temperature.

B. 0il Dilution Procedure

Maximum engine oil temperature when starting or during dilution SOOC
(shut down engine if necessary).

Engine : 1000-12C0 RPM

Hold dilution switch ON for a length of time as indicatec in the follow-
ing chart :

inticipated 0.A.T. ‘ » Cil Dilution Period
hc to -12°C 2 minutes

-129 to -29°C . 3 minutes

-29° to -46°C 7 minutes

NOTE:

kEngine must nct be run at oil temperatures above 50°C in order to

avoid vaporizing thegasoline already mixed with the oil, If necessary
stop engine ana wait for oil to cool kefore continuing dilution,

After oil has beccme cooler, restart and continue dilution. At no time
shall o0il pressure be less phan 15 psi,

Hun engines bricfly at 1500 RPM and operate propeller governor from
low to high, 3 cycles while diluting. ,

Push feathering button and pull out after a 400 HPM drcp is noted.

After dilution periou has been completed, stop en:ine in normal manner,
holding dilution switch ON until engine stop turning.

knter length of time oil was diluted in the log book,

C. Hestartinz With Diluted 0il

1.

Start engine and operate at 1000 RPM (auto rich) until oil temperature
reaches 40°C,
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OPERATICN (Con't)

2. Increase engine HPM to 1500 ana check oil pressure (diluted oil will
result in lower pressure). Hold 1500 KPM until oil tempersture rises
to 50°C and oil pressure is normal.

3. Operate the propellers from full low pitch several times.

4. Check oil quantity prior to take-off.,

CAUTION:

Do not attempt take-off until all oil pressures are normal and ergine oil
temperature is LC°C or higher.

NOTL:

Curing the first hour of flight, initial oil consumption may be higher
than normal until all traces of fuel disappear.

0T-789
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LIMITATIONS

Ao (il Cuantity

gallons reserved for propeller feathering.

less than 15 gallons per nacelle tank,

B. Maximum Oii Consumption Limits

Location of Aircraft Maximum Limit

1. Main Base 1.5 GPH
2. At airline Stations 1.5 GPH

Conditiocn "A®

3, At airline Stations 1.8 GPH
Londition “bY

C. 0il Pressures & Temperatures

See "Pewer Plant!" section of this manual.

1. Tank Capacity ... 264 gallons/eng (usable by the engine plus 2.5

2. Normal Minimum for take-—off ..... Dependent on fuel load but not

Remarks

kngine must
be changed,

Aircraft tem-
porarily ground-
ed. Engine
disposition
pending instruc-
tions from MMB,

Aircraft ground-
ed for engine
change or for
ferry for engine
change.
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CIL SYSTEM
1. There are lubricating oil systems, one for
2, kach system incluaes a tank, a cooling , engine two, each engine

cocler which is operated by a control in

the .

3. Tne oil tanks are located on the side of each radiator, scavenging
firewall,

L. Each tank has a capacity of gals, of which aft
gals is useable oil and gals is foaming space.

5. Stancpipe in the tank provides gals of oil avai- 29, 25, &4
lavie to the engine, and gals available only to
the pump.

5. This reserve available to the feathering pump is 225, 2%,
sufricient for complete feathering cycles, prop feathering

7. 0il is cooled by & radiator in the line between only, two
the engine and the tank.

8, 0il temperature is regulated by positioning the oil return

9.

In the USAF o/C there is a
and the engine,

vetween the tank

air exit shutter,
manual, ccckpit

tion uniess oil temperature falls velow 60°C, when the
controls are moved appropriately to maintain de-
sired oil temperature.

10. 1ln the Company owned A/C this firewall shutorf valve rirewall shutoff
has been . valve
11. (il pressure is measured by two gages in the deleted
cockpit, There is a pressure line from the engine to
the cockpit instrument.
12, (il temperature is measured by two 28 V dc powered direct reading
in each ¢il tank outlet which actuate instru-
ments in t.e cockpit.
13. (il guantity is measured by attacted to each oil thermometer bulbs
uncer an access goor in each .
L. The oil cooler controls are normally in the pesi-~ dipstick, filler cap,

nacelle

forward, aft
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gals per hour per eugine or more, the A/C is
for engine change, or for engine change.

15. In normal operation, minimum oil for any takeoff is

gals per tank,

16. The nax allowable o0il consumption is gals per 15
ergine per hour.

17. With oil consumption in excess of gals per 1.5
hour per engine at a main base, a mandatory is
indicated.

18. At airline stations in excess of gals per hour 1.5, engine change
per engine, the 4/C is temporarily , pending
instructions {rom .

19. At airline stations with oil consumption at

- 1.5 grounded, MMB

1.8, grounded, ferry

0YT.789
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HYDRAULIC SYSTEM

The landing gear, wing flaps, windshield w1pers, auto-pilot and wheel brakes are
operated hydraulically. Hydraulic pressure is normally supplied to all units by
two engine-driven pumps, one mounted on each engine. A manually operated hand
pump provides an emergency source of pressure in the event of total failure of
the normal pressure supply. Approximately 6 gallons of hydraulic fluid, are re-
quired to fill the system.

1. The units operated by the main hydraulic system are:
gear, brzkes, wing flaps, windshield wipers, and
on Company A/C.

2. There are two hydraulic pumps, one on each auto~pilot
3. gallons of hydraulic are required to fill the engine~driven,
system. engine accessory sec-
tion
6

The hydraulic hand pump, located at the base of the hydraulic control panel, is
provided to operate the hydraulic system units when there is insufficient pressure
in the hydraulic system, or when the engine pumps fail in flight.

The hand pump is accessible to both pilots and can also be operated to increase
the pressure in the hydraulic pressure accumulator for ground operation of the
hydraulic system when the engines are not running.

1. There is a manually operated auxiliary hydraulic pump
located at the of the hydraulic panel and ac-
cessible to in flight.

base, both pilots

The reservoir is installed to the right of the hydraulic control panel and is
equirped with a filler neck for servicing the reservoir from the walkway area.

A sight gage is installed on the upper portion of the hydraulic control panel to
indicate the fluid level in the reservoir at all configurations.

The outlet to the engine-driven hydraulic pumps is located above the bottom level
of the reservoir so that an emergency supply of fluid, available only to the hy-
draulic pump, always remains in the bottom of the reservoir and cannot be drawn
out by the engine pumps. )

The outlet for the hydraulic hand pump is located at the bottom of the reservoir
sump.

The capacity of the hydraulic reservoir is 10 quarts of oil when filled to the
top arrow of the sight gage.

Seven quarts of oil are available for supplying the engine-driven pumps and remain-
ing 3 quarts in the reservoir sump are available only to the hydraulic hand pump.
Sufficient space is provided at the top of the reservoir to allow for thermal ex-
pansion of the oil.

0T.789



PAGE: 2

DIRECTED STUDY PROGRAM

(‘\- 47 : DATE: 15 April 67
B BEF:  1080-ke

1. The hydraulic panel located aft the copilot and
facing the captain contains at its top a filler neck
for the -, which is located .

- 2. Beside the filler neck is a reservoir quantity reservoir,
, placarded to proper levels with the A/C in back of the panel
configurations.
3. Capacity of the hydraulic reservoir is quarts.l sight gage, various
L. There is a standpipe in the reservoir extending 10

quarts above the bottom the reservoir.

5. Thus, quarts are available tc the engine pumpg 3
through the opening at the top of this standpipe.

€. The quarts remaining below the standpipe are 7
available only to the for emergency operation.

3, aux hand pump

hydraulic Yluid Srut-Gff Valves - are located on the respective engine firewsll.
Both valves, normally open, may be closed to shut off fluid supply to the respec-
tive hydraulic pump by actuating the corresponding engine firewall selector switch
located in the floor hatch between the twe pilots.

1. There is a hydraulic valve on the aft side of
eacit engine firewall,

2. These emergency firewall shut-off valves are operated firewall shut-off
by contrels under the between the .

floor-hatch, two pilotﬁ

through an isolation check valve. The pump driven shaft is designed to shear, in
tre event that all hydraulic fluid available to the pumps is lost, as a safety
feature to prevent fire from an over-heated pump.

1

Engine-Jriven Mump - delivers fluid under pressure to a common pressure feed line }
|

[

1. ©Hach eng hydraulic pwap is driven by a
designed to shear in case of loss of hydraullc fluid -
Lo the pump, to prevent fire due to an punp.

*

shear shaft, overheated
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pressure regulator fails,
A/C and 1000 + 5C P3I on USAF A/C.

System Pressure Regulator - automatically maintains normal pressure between 800
and 1000 PSI on Co. A/C and 600-875 PSI on USAF A/C.

System Accusulator - provides a reserve supply of fluid under pressure and dampens
the high impact loads on lines and units. The initial air charge of the accumula=~
tor is 30C FSI. (250 on USAF A/C)
Svstem Helief Valve -~ automatically prevents excessive system pressure if the

This valve starts to relieve at 1100 + 50 PSI on Co,

1.

Jownstream from each pump is a system to
regulate pressure in Company A/C to - P31, and
in UCAF A/C to FSI.

set in Co, A/C to relieve pressures in excess of
F3I, and in USAF A/C at PSI.

2. There is a system in the main system to pressure regulator,
crovide a supply of fluid under pressure and 800-1000, 600-875
to high impact loads on lines and units.

3. The zir precharge in the accumulator is P31 accumulator, reserve,
in Co. 4/C, and PSI in UGAF. dampen

L. There is a system relief or safety valve which is 300, 250

1100 + 50, 1000 + 50

Svstem rressure Juage - is a direct systen, indicating accumulator or emergency
hand punp oressure depending on operating conditions,

Landing Gear Pressure Yuage - is a direct operating pressure instrument and indi-
cates the hydriulic pressure in the landing gear down line.

1.

There are two hydraulic pressure gages in front of

the copilot, of the type.
2. Trhe forward rage is teed off from the landing gear Bourdon Tube
down line, and indicates pressure, except wheg
the gear selector lever is in the down position, wheh
the gage indicates since the valve is open to
the system. )
3. The aft pspge indicates at all times. gear down line,

system pressure

system pressure
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shield to drive the wiper blades.
of the wiper tlades by regulating fluid flow to the motor.
through a cross fitting in the brake system return line back to the reservoir,

Wwindshield Wiper System - the wipers operate from hydraulic fluid pressure routed
from a cross fitting in the brake system pressure line through a needle-type con-
trol valve to a hydraulically actuated motor assembly.
flexible driven shafts cormect to the windshield wiper unit on each forward wind-
The needle valve controls the operating speed

From the motor unit, two

Heturn fluid flows

1‘

The windslhiield wipers operate hydraulically from
pressure, through a
below the .

type control valve

2o

A w/w motor is connected by linkage to
wiper blades,

system, needle,
glare shield

single, both

lator first,

Hand Pump-To-Accumulator Shutoff Star Valve - provides a bypass around the check
valve in the pressure manifold when it is necessary to increase the pressure in
the accunulator by operating the hand pump. :

NOTE: For all normal hand pump operation, this shut off valve is safetied with
easy-break safety wire to the CLOSED position, so that direct actuation of any
functional system may be obtained irmediately without having to charge the accumu-
If system pressure is zero, then the star valve can be positioned

to CrEX and parxing brake pressure can be pumped directly to the accumulator by
use of the emergency hydraulic hand punmp.

to set the before starting the engines when
the system pressure is zero.,

1. lormally the star valve is and .
2. when the star valve is closed, all pressure from closed,
the aux pump is direct to the hydraulic ’ safetied
bypassing the 3 Lherefore hydraulic
unit may be actuated directly from the aux hand
pump, '
3« When the star valve is open, pressure from the aux manifold, accumulator,
nand pump is directed to the . any '
L This configuration is used only when it is desired system accunulator

parking brakes
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Wing Ilaps - Lowering and raising of the flaps are accomplished by the actuation
of a flap handle on the L-way wing flap contrcl valve, which positions the valve
ports for the required direction of fluid flow. Partial raising or lowering of
the flaps is made by returning the handle to neutral position after the flaps have
resched the desired position as shown on the wing flap indicator along the bottom
edee of ‘he main instrument panel,

1. Tuie wing {lap selector valve may be positioned to

flaps s flaps or .
2. Tre flap position indicator is located along the up, down, neutral
“ottom edge of the .

main, instrument,
. panel

The winw flap relief valve is set at 375 F3I to prevent lowering of more than 3/4
wiag faps at an indicated airspeed greater than 97 knots. When during lowering
of tne [laps, strong wind resistance is encountered on the wing flaps, fluid back
pressure in the DCWN line forces down the relief valve, tlocking entire system
flow and lulting downward movement of the flaps, Should excessive wind resistance
be ercountered after tne flaps have been lowered to an intermediate position and
the hnndle returned %o neutral position, excessive back pressure in the DOUN line
will cause the relief valve to relieve fluid back to the reservoir until normal
value, tiowever, when the wing flaps are entirely down, mechanical leverage will
crevent tne wind load from forcing the flaps up.

1. In the wing flap down line is a set at
1 51, wiose purpose is to prevent lowering the flap t?
2/l or full an a/3 greater than xnots.,

2. Although the relief valve will prevent lowering the relief valve, 375, 97
Tlips 2t excessive speeds, once extended the flaps
blow up automatically with subsecuent cxces-
sive speed, due %o .

will not, mechanical
linkage

an orifice cneck valve is installed in the wing flap up line after the relief valve
witn iiirection of free flow towards the actuating cylinder. The orifiee check
valve restricts the return flow of fluid from the actuating cylinder when the flaps
are r.lzed, introducing a time lag which prevents rapid raising of the wing flaps
ard consecuent sudden loss of 1ift in [light.

Yhen the airplane is on the ground the flap control handle should be left in the
UT rosition at all times, so that excessive pressures will not be built up in the
flap lines by thermal expansian,

0YT.789



DIRECTED STUDY PROGRAM |™* ¢ -
C-47 ' o 35 il €1

BEF:  1080-ks

There are no thermal relief valves in the flap system.

CAUTION: The flaps will be damaged when the airplane is flown in excess of the
- placarded flap airspeeds.

1. In the wing flaps up line there is an valve
to prevent sudden flap retraction when the selector
valve is placed in the up position,

2. vhen the A/C is parked, the wings flaps selector oriface restrictor
should be left in the up position to relieve
pressures in the hydraulic lines.

3. There are no valves in the flap system. thermal

thermal relief

*,

o
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HYDRAULIC SYSTEM COLOR CODE
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ACTUATING
CYLINDER

“.__\\
POSITION OF WING FLAPS

NORMAL DOWN FLOW:

The DOWN position of the operating valve handle directs the
fluid pressure in the down pipe. Valve piston remains in normal
position allowing down flow unless down pipe pressure exceeds
approximately 485 pounds per square inch. Wing flaps move
down, ——

NORMAL RETURN FLOW:

The bypass pipe is on emergency measure for almost instanta-
neous return of relief valve piston to its normal position, When
by-poss pipe flows {as in the previous dingrom! the pressure
drop in the down pipe allows the spring to raise relief valve
piston. Normal retumn flow of fluid results.

COLOR CODE:

emERETD PRESSURE
mu—— PRESSURE FLOW

IS RETURN
=3 RETURN FLOW

winD Q

SYSTEM FLOW BLOCKED:

The DOWN position of the operating valve handle directs fluid
pressure into the down pipe. Wing flaps mave down. Back pres-
sure in down pipe caused by strong wind resistance on wing flaps
forces down the relief valve piston blocking entire system flow.
Downward movement of wing flaps is halted.

ACTUATING
CYLINDER

WIND

N
RELIEF FLOW:
The NEUTRAL position of the operating valve handle blocks flow
in wing flop system. Strong wind resistance on wing flaps causes
fluid bock pressure to flow through relief port. Wind raises wing
flaps until back pressure is relieved. Note: When wing flaps are
entirely down, mechanical leverage prevents wind load from
forcing them up.

Wing Flap Hyuraulic System - Normal Flow
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