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Th~ engines are Pratt and Whitn87 -model R-2CX)()-'7M.2, 14-e:rlinder, two row radial, 
aircooled type. The supercharger is a single-etage, single .... peed. type. The 
direction of rotation is clockwise, viewed. fraa the rear. The engine is mount­
ed to a tubular engine mount ring with eight vibration isolaton, the engine 
mount assembly being bolted to the main firewall at four points. 

The eight vibration isolators used to attach each engine to it. engine mount 
ring, consists of a rubber core containing a threaded stem, and secured. to -the 
engine mounting bracket by a nut and cotter pin. Blast cooling is provided. by 
four duct assemblies which collect air fram in front of the cylinder baffl .. 
and discharge it. onto the forward faces of isolators. An auxiliary firewall. 
In two sections, upper and lower, is secured to the engine mount ring. 

ENGINE ACCESSORIFS 

The following accessories are mounted on each engine: .... 
Starter Air Pump (if de-icing system is installed) 
Generator Tachometer Generator 
Fuel Pump Propeller Governor 
Hydraulic Pump Magnet os 

]Q!§: For specific details of engine performance and limitation see section 
1080-2. For details of the engine accessories see appropriate section. 
of this manual; i.e., starter - see 1080-4m. 

1. The OHC-4 uses a ______ engine. 

2. The engine has a stage blower section and 
is bolted to the main firewall at four points. 

3. The eight isolation mounts are cooled by ___ • 

4. Engine driven accessories are ___ , __ _ 

---, --- ---, --- ---, ------, ,--_. 

P & W R-2000-'7M.2 

single 

air 

generators ; 
fuel pump;­
tt,draulic pap; 
air P\RP; 
tachaaeter generator; 
propeller governor; --.... 

t 
. t 
I 
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ENGINE ACCESSORY COO'AR'l'MEl\'T VENTILATION SYSTEM 

Additional ventilation of the en~ine accessory compartment, durin~ ~ound 
operation, is provided by two door.s, located in the botto;u left cowlinp: panel 
and on top of the nacelle, just forward of the main firewall. The lower door 
is opened inward by an electro-mechanical actuator mounted on the main firewall. 
The upper door, which is spring-loaded to open outward, is connected weight 
switch on the nose pear which automatically causes the doors to open when the 
aircraft is on the srround and close when it becomes airborne. A switch on the 
engine switch ~nel may be used to override the weight switch to close the doors 
while the aircraft is on the ground. ~ 

For normal ooeration the V&VT DOORS switch on the ensrine switch panel is select­
ed to AUTO OPE!:. With the switch in this nO!'iition and the aircraft on the 
p:round a circuit is completed through the nosewheel weiqht switch to the B ter­
minal of each actuator, causing the actuator arm to retract and open the vent 
doors. When the aircraft becomes airborne the nosewheel weight switch de-ener­
gizes the vent doors relay causing it to extend the actuator arm and close the 
. OCN's. When the TJE:~T DCi0RS switch is selected to CLOSE li.';'I~. The circuit :!'ro:-l 
:.ne nosewheel weil?ht switch to the vent doors relay i!'i interrunted, causin~ 
current to be switched to the actuator A terminal~ to close the doors. 

Exhaust ~-es from each engine are directed aft through two proups of four ex­
haust Din -.- into two aumnentor tubes mounted on the ton of each nacelle and 
over t~~ ~pper surface of the root flaps. 

Although a c.ertain amount of thrust is developed by expulsion of hot ~ases 
throwrh the 3.ufr'entor tubes, their pri'llary nurpose is to aid emdne cooling 
during hip'h power. low airspeed climb. 3y cre'ltine- a venturi effect in the up­
oar nacelle area additional coolin!" air is drawn throu~h the' cnlinder baffling 
~d forced around the cylinders. Thus, the anount of thrust d~ve]oped by the 
au~entor tubes is "'erely suffiCient to Overcome the dra..1" factor of their beinp 
installed, and they -ontribute nothinp' to the performance of ~he aircra!t. 

1. Ground cooling ..,f the erwine accessory sect ion is 
acconplished b' vent doors controlled auto-
matically throllph a weight switch. 

2. The override control switch is normally used in two; 
the position. nose pear 

3. The purpose of the aumnentor tubes is to aid en- At.:':'C-OPEN 
pine coolinu: dnrinR' , 
fli/!ht. 
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The augmentors create a effect through the 
cylinder baffles. 

They contribute to performance. 
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HIGH PGfER; 
LC1iI AIRSPEED 

venturi 

nothing 

. ,," 
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PRCFEUERS GENERAL 

All Company operated DHC-4 '5 have been modified to use the Hamilton Standard 
three blade, constant speed, featherin£;, and reversinl': type props with the in­
te~al self contained control system. The control unit consists of an oil tank 
of 3.2 gallons capaCity, mounted on ~he engine front nose case, with a float 
machanism to indicate low fluid level. A warning li~ht in the cockpit will 
illuminate when fluid level reaches 10 quart.s remaining. On Company aircraft 
there are no provisions for in-fli~t replenishment of fluid from the engine 
oil system. 

Also within the control unit are two oil pressure pumps to provide operating 
pressure out to the prop dome and piston assembly. A main engine driven pump 
supplies pressure for v.overnor constant speed operation, and an auxiliary pump 
is electrically activated as required to provide boosted oil pressure during . 
feathering, unfeathering, reVersing, and unreversing operations. A solenoid 
pack mounted externally on the tan~ controls increase - decrease pitch solenoid ~ 
valves within the p'overnor unit to direct the oil into the proper channels aIXi "'" 
block the low pressure relief valve for these special operations. Control of 
the auxiliary pump is obtained throuv.h the feathering button, ttrottle switches, 
holding relays, and an electrical timinv.. unit. 

CAUTION: A braided bonding strap between the control unit and the engine nostt 
case serves as ~ound for the auxiliary pumP. If this' becomes loose 
or discor~ected in fli~ht it will be impossible to feather or reverse. 

NOTE: Laming gear weip'ht !'Iwitches have been bypassed on Company aircraft to 
permit in-flight reversing. 

t. All Company of'erated DHC-4' s use a H::t!':tilton Stand-
ard control type propeller. 

2. All operations of' , , , 
, and are performed by a sinp'le 

control unit. 

3. 'The fluid capacity of the control ur.it is 
fl1111ons. 

4. A fluid low level warninp: light will illuminate 
when quarts remain in the tank. 

intelO'al 

constant speed; 
feathering; 
unfeathering; 
reversinf!:; 
unreversin~ 
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5. An auxiliary pump supplies pressure for 10 
all operations except • 

6. On preflight inspection a major item is the boosted; . constant speed 

grounding strap 

. 
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1 comR PIN 
2 DOME CAP 
3 lOW PITCH STOP LEVER 
.c DOME AND MUFF 
5 lOCKWIRE 
6 SEGMENT 
7 O-RING SEAl 
8 OIL TRANSFER HOUSING 

Hef.: 1080-3 

9 Oil TRANSFER HOUSING GASKET 
10 BARREL 
II CAM GUARD 
12 BLADE CAM 
13 BLADe 
14 GROMMET 
15 PlAIN NUT 
16 PLASTIC NUT 
17 SLIP RING 
18 DRIVE IlOl. T 

12 13 

i 
14 

-0"'-17 

Pro,.lIer Assembly 



DIRECTED STUDY PROGRAM Page: 9 

DHC-4 Ref.: 1080-3 

1. Irmap reUef vent 
I. De-lciDI termlnall 
3. QroQad teradaal 

Figure 5-144. Propeller 011 Control Unit 

16. Float 

,. Blade switch COIUleetor 
I. ....wttcIl termlDal 
I. BnIIb block UHIIlblJ 
,. ... nIIcb 'brub 
t. De-Ie", power brushes 
t. GI'ouad ...... 

10. MaIDa., .... motor 
II. !'IUlr up 
U. Aalua., pump 
U. JIaWI ......... 
1'. J'Iaat nIIcb 
11. IIaID 

11. Auxiliary pump acreen 
18. Reservoir 
19. Main pump screen 
20. Seaven .. pump 
21. High preuure relief nlft 
22. Governor drive par 
23. Low preuure reHef n..lYe 
24. Selector vaive 
25. Solenoid pack (CoMt.u.c of die ...... 

and incrnae pitch • ...,..) 
2&. Shuttle valYe 
21. Ptlot valve 
28. Speeder rtna ..... blJ 
19. MecbaDlca1 bead 
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PRPPEIJ..ER OPERATION 

Onepeed Condition: Normal governor action to compensate for internal leakage.. • 

Undersoeed Condition: To decrease' blade angle, oil from the main pump (or aux­
iliary pump during unfeathering) is delivered to the governor throu~ the pres­
sure anu1us in the stationary sleeve. It then goes to the decrease pitch anulus 
in the stationary and rotatin~ sleeves and then is directed through holes in 
roots of the inboard side of the piston, moving it outboard and producing a 
lower blade angle. 

Oil draining fran the outboard side of the piston no1rs back through the oU 
transfer tube to the oil transfer housing. After passing outside ports in the 
transfer housing, the oil enters the clearance space between the oil transfer 
housin, and the spider. The oil then R;oes through the spaces between the halves 
of the front cone, along the splines of the propeller shaft to the inboard pas­
sa~es in the rear barrel or soider extension. From these passages the oil en-
ters the increase pitch annuli on the rotating and stationary sleeves and then .,J 
nows back to the governor to be returned to the main sump. 

Oversr>eed Condition: To increase blade angle, oil from the main pump (auxiliary 
pump during feathering) is delivered to the governor trxough the pressure annu­
lus in the stationary sleeve. The governor pilot valve then directs it to the 
increase pitch (blade angle) annulus in the rotating sleeve from which it enters 
the passapes in the inboard end of the barrel extension. From here it passes 
along the 3plines of the propeller shaft, throu~h the space between the halves 
of the front cone, is prevented fran goin~ to the inboard side of the piston by 
seals on the retaining nut and passes into side holes of the transfer tube to 
the outboard side of the propeller piston moving it inboard and producing a 
hiFher angle. 

Oil draining from the inboard side of the piston passes through holes (in the 
spider) at the roots of the arms to the decrease pitch annulus (nearest propel­
ler barrel) on the rotating sleeve. From here the oil passes through slots in 
the sleeves to the decrease pitch annulus (nearest propeller barrel) on the 
stationary sleeve and then back to the p;overnor to be returned to the sump. 

1. To decrease blade ande, main pump pressure is 
first routed throuFh annuli in the 
stationary am. rotating sleeves. 

2. Pressure oil is directed to the ___ em of the decrease pitch 
piston to decrease blade angle. 
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.3. Return oil flows through an ______ tube 
and returns to sump. 

4. During the feathering operation an ___ condi-
tion is simulated by the control unit. 

5. To correct an overspeed condition, pressure oil 
is directed to the end of the piston. 

GOVERNCit OPERATION 

Page.s 17 
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inboard. 

oil transfer; 
main 

overs peed 

outboard 

Orutpee4 During onspeed operation, the centrifugal force of the flyweights is 
balanced by the force of the speeder spring. The pilot valv-e in this condition 
permits a sufficient flow of oil to the outboard side of the piston to caapen­
sate for internal leakage • 

. The min PlDp draws oil fran the main sump and mintains pressure at the two 
solenoid valves between the two metering lands on the pilot valve and at the 
two relief valves and check valve. When the differential pressure between pro­
peller oil am main PlDp oil reaches 110 ± 10 psi, the low pressure relief valve 
opens allowing Jna.in pump oil to return to the main sump through the relief valve· 
discharge tube. Leakage and drain oil which has accumulated in the scavenge 
sump is returned to the main S\ID.P by the scavenge pump. 

Qnderspeed During the underspeed condition the force of·the speeder spring 
exceeds the centrifugal force of the flyweil5hts a.nd moves the pilot valve down­
ward. This action opens ports in the pilot valve sleeve which connect the main 
pump output to the decrease pitch side of the propeller piston and also the in­
crease pitch passage to the main sump by way of the hollow pilot valve and the 
circular holes drilled through the valve above the upper and beneath the .lower 
metering lands. As the blades change to a lower angle, the RPM increases and 
the governor returns to the onspeed condition. At the same time propeller oil 
draining through the increase pitch passage enters the selector valve and nows 
to the spring side of the low pressure relief valve which opens when the pres­
sure differential between propeller return oil aM main pump output exceeds 100 
± 10 psi. Propeller oil also nows fran the control to and through the auxilia­
ry oil supply housing and back to the main slDp. 

Overspeed During overspeed operation the centrifugal force of the flyweights 
overcaaes the force of the speeder spring and lifts the pilot valve. In this 
upward position, the pilot valve opens ports in the pilot valve sleeve which 
connect the main pu:np output to the increase pitch side of the propeller piston 
and also the decrease pitch passage to the min stmp. As the blade assume a 
high angle, the RPM decreases and the governor returns to the onspeed condition. l 
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The increase pitch passage is connected throu~ the selector valve, to the 
spring side of the low pressure relief valve, thereby deeping this valve par-
tially closed. Propeller oil draining throup:h the decrease pitch passa~e re-
turns to the main sump. Maximum o.il pressure during overspeed may, if necessa-
ry, build up to the setting of the hill!;h pressure relief valve, (800 ± 50 psi) 
but these pressures are never reached during normal constant speed operation. 

1 • During onspeed conditions the ~overnor allows oil 
to the of the piston to compensate 
for . 

2. . Centrifugal force of the flyweights will be outboard end; 
effected by any change in engine or leakage 

• 

3. Speeder sprinll!; compression is controlled by RPM; 
. blade an¢le 

4. Unbalanced forces between the speeder spring and c,q,ble 
flyweights cause movement of a to 
correct the or condition. 

5. Main pump pressure is maintained at the two pilot valve,; 
valves" overspeed; 

underspeed 

6. The low pressure relief valve opens at psi solenoid; 
to allow return 'Oil to flow back to . relief 

110; • 
main sump 

FEATHERING OPERATION 

Manual Featherins The featheri~ operation is initiated when. the feathering 
switch is pushed in. This action simultaneously energizes the electrical cir-
cuit to the auxiliary oil pump, the increase pitch solenoid valve on the oil 
control unit and the auxiliary ptmlp timer. '!'he enerllized auxiliary pU!Dp timer 
IIIlpnetically holds the feathering switch in. '!'he energized increase pitch so-
lenoid valve opens. High pressure oil from. the main pump (until its output drop 
to 0) together with the auxiliary pump output passes through the increase pitch 
(feather or unreverse) solenoid, the spring loaded shuttle valve, and the selec-
tor valve to the spring side of the low pressure relief valve, holding it closed. 
Oil pressure may also reach the sprin~ side of the low pressure relief valve by 
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acting directly through the selector valve from the increase pitch passage. 
The flow through the increase pitch solenoid valve continues to the lower posi-
tionin~ chamber moving the pilot valve upward to an artificial overspeed. condi-
tion. This directs feathering pressure to the increase pitch side of the pro-, 
peller piston. Propeller oil draining through the decrease pitch passage re-
turns to the main sump. At the end of the specified feathering time of 10 to 
17 seconds a cam-operated switch in the auxiliary pump timer breaks the ground 
connection to the holding coil in the feathering switch which pops out. This 
action shuts off auxiliary motot and de-energizes the increase pitch solenoid. 
A maximum of 5 seconds is required for a propeller to reach the full feather 
position and 12 seconds for the feathering switch to pop out to the neutral 
position. The feathering cycle can be stopped by pulling the feathering switch 
to the neutral position. 

1. Manually pushing the feathering button simultane-
ously energizes the , pitch 
solenoid, and the auxiliary pump • 

2. The high pressure oil now to the increase pitch auxiliary, pump; 
solenoid acts to block the relief increase; 
valve, and raise the governor valve. timer • 

). 'Movement of the, p;overnor pilot valve upward simu- low pressure; 
lates an condition. pilot 

4. Oil pressure through the open governor port is overspeed 
directed to the end of the piston via a 
transfer tube. 

5. As the piston moves aft, drain oil is returned to outboard 
the • 

6. Time required for the blade to reach full feather main sump 
is secon::is. 

7. A cam operated switch in the timer breaks the 5 
circuit in a maximum time of seconds. 

8. Breaking the electrical circuit 'returns the fea- 15 
ther button to , an::i stops the 

9. The feathering cycle can be interrupted. neutral; 
auxiliary pump 

lIlA nn .. 1 11T 

\ 
1 

I 
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Autoteathering When the autofeathering switch is selected to ON an electrical 
circuit through the autofeathering capability li~ht (l5!"een), thrust difterential 
pressure switch, and blockin~ relay is armed for operation of the propeller fea­
thering switch. The thrust differential pressure switch is interconnected with 
the slip stream pitots of the thrust indicating system. When a difference in 
thrust betwe~m engines in excess of four inches of water is sensed on the dia­
phragm of the switch an internal contact completes" a circuit through the block­
ing relay to the solenoid of the feathering button which is ~ounded via the 
auxiliarx puop timer, to pull in the button, energize the red light in the fea­
thering switch, put out the autofeathering capability li~ht, and start the fea­
thering cycle. 

The 'activated blocking relay blocks any signal fran the opposite side of the 
thrust differential pressure switch to the other propeller feathering button, 
so that both propellers cannot be feathered simultaneously. 

NOTE: On ComP..5l!ly "irc.Jllft the autofeat.her s;nstem :Ma:Ii§'6ifiii? 
I S v> ~O liS V/fSI tUb C.I< KA/$f/Jl'~C1J -

Feathering operation is the same as manual featherinll previously described. 

Operation of Thrust Differential Pressure Switch The diaphragm of the thrust 
differential pressure switch is sensitive to pitot air pressure differences of 
the thrust indicator system. While the thrust indicator pressure of each engine 
remains equal throughout the range, the diaphragm is balanced and the switch 
contacts remain in the normal open position. Should an" en~e thrust indicator 
decrease approximately 4.0 inches of water below the other, the diaphragm pres­
sures are unbalanced, causinll one set of switch contacts to close. Providing 
the autofeathering ON-OFF switch on the emergency panel is selected to ON, the 
closed contacts of the thrust differential pressure switch completes a power 
circuit to the applicable propeller featherin~ button solenoid and the applica­
ble propeller is feathered in a similar manner to the manual feathering opera­
tion. 

1. When the autofeathering system is anned a __ _ 
light is illuminated. 

2. A _________ will sense a cr.ange of 
thrust • 

.3. A blocking relay will prevent 
engines. 

___ of both 

4." On Company aircratt the autofeather system is 
___ used. 

pTeen 

pressure differential 
switch 

feathering 

N(]l' 
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Unfeathering Operat.ion of the governor during the unfeatherin~ condition is 
initiated when the pilot pulls out and holds the feathering switch. This action 
closes the electrical circuit which energizes the red light in the feather but­
ton, the decrease pitch solenoid and auxiliary pump relay which operates the 
auxiliary pump. High pressure oil' from the auxiliary pump passes throu~h the 
decrease pitch solenoid valve to the upper positioning chamber where it forces 
the pilot valve sleeve which connect auxiliary oil to the decrease pitch side 
of the. propeller piston ani connects the increase pitch passage to the main sump 
by way of the hollow pilot valve. From the upper positioning chamber auxiliary 
oil also flows to the spring loaded shuttle valve where it is directed to the 
selector valve which moves to the right (in the schematic drawing). This allows 
auxiliary oil to back up the spring side of the low pressure relief valve which 
remains closed. ' 

As soor, as the propeller begins to windmill, the main pump starts to operate· 
ani its output combines with auxiliary pump output to aid the unfeathering 
operation. When the cockpit control button is released or the blade switch 
breaks the electrical circuit, unfeathering stops and nomal constant speed 
operation is resumed. 

Because of an internal connection in the control button, r.equired by other in­
stallations, the holding coil becomes energized whenever the button is pulled 
out to unfeather. This action, while not required for operation of the button 
during unfeathering, does not in any way interfere with its proper functioning. 

The feathering switch must be held until the propeller blade is returned to the 
~verninp: range. Releasing the button, shuts down the unfeather sequence. If 
the button is not released, the blade is returned to the mechanical low pitch 
stop position. This actuates the No. 1 blade switch which disconnects the de­
crease pitch solenoid circuit and shuts off the unfeather sequence. Should the 
mechanical low pitch stop system fail, and the prope-ller continues toward re­
verse, blade switch NO. 2 is tripped at the secondary low pitch stop. 

1 • Holding the feathering switch out enerd-zes a 
___ light, the pitch solenoid, and the 

-----_. 
2. Pressure oil in the positioning chamber forces 

the down to simulate an __ _ 
condition. 

3. Oil is then ported to the ___ end of the pistOl] 
to move the blades toward position. 

4. The low pressure relief valve remains ___ • 

red; 
decrease; 
auxiliary pump 

pilot valve; 
underspeed 

inboard; 
low pitch 
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5. Unfeathering stops when the featherin£ button is 
___ , or the is interrupted by the 
No. 1 blade switch. 

6. If the feathering button is not released the 
blades will return to the stop_ 

7. The No. 1 blade switch de-energizes the __ _ 
pitch solenoid to stop unfeathering action. 

8. .If the blade continues towardl!J reverse, a No.2 
blade switch will temporarily ener~ze the __ _ 
pitch solenoid. 
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closed 

released; 
electrical circuit 

low pitch 

decrease 

. increase 

RlVERSING The reversing operation is similar to unfeatherin~ when the· throttle 
lever is moved vertically from the idle position to eneage in reverse, it ac­
tuates a set of three reverse pitch throttle microswitches. These switches 
remain actuated throughout the reverse throttle power range. Before the start 
of the reverse sequence the propeller blade switches No. 1 and No. 2 are both 
actuated by the blade angle position. The electrical circuit through the throt­
tle switches and the propeller reversin~ relay energizes the decrease pitch 
solenoid, the red light in the feather switch, and the auxiliar.y pump relay pro­
viding power to the auxiliary pump. This circuit is completed if the wei,mt 
switches on the main ~r upper torque arms are closed. 

!Q!§: GillIe ; 125 REs I ' I 34"';.111 '.!t 1 1 2 bp palbsJ. 

.-?he- main pump a" She ""':i1j"Ts2'!!iblu~ high oil pressure to hold the propel 
ler in the reverse position. As the bIiaes move towards reverse, blade switch 
No. 2 is tripped for circuit lock-on control in the reversinll relay. On comple­
tion of the reverse sequence, blade switch No. 1 is tripped to energize the PROP 
REVERSE light, and re-energize the auxiliary pump relay circuit and the feather 
switch light. The main pump continues to supply high pressure oil to hold the 
propeller in reverse and the decrease pitch solenoid remains energized to keep 
the low pressure relief valve closed and the pilot valve down in the underspeed 
condition. If operating conditions are such that the pump output rises to 800 
.± 50 psi or 1000::t 50 psi, the high pressure relief Valve opens, allowing the 
excess oil to drain back to the sump. (In installations incorporating a reverse 
dump valve or surge valve, inboard oil pressure holding the propeller in reverse ~ 
will be at sane value les8 than the high pressure relief valve settin~.) The .. 
decrease pitch solenoid remains energized until the throttle is moved out of the 
reverse range. 
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1. The reversing operation is similar to the unrea-
thering except the control is exercised by . 

2. The pitch solenoid simulates an underspeed throttle switches 
condition by positioning the pilot valve. 

3. Activation of the throttle switches energizes a decrease 
pitch solenoid I and the 

• 

4. Pit 67 Lilli both supply high decrease; 
pressure oil to hold the prop in . feathering light; 

a ..... _=-1 .• 

5. The decrease pitch solenoid remains energized to • fain pump; 
block the , and to auxiliary pump; 
position the . reverse 

6. A high pressure relief valve functions at low pressure relief 
psi. val ve; pilot valve 

7. The No. 1 ·blade switch illuminates a blue 800 

~_7c5. 
light as the blade reaches reverse range 

8. On Company aircraft the prop reverse 
has been bypassed. , 

main gear weight 
switch 

UNREVERSING Unreversing is similar to feathering. When the throttle levers 
are returned from reverse into the idle position, eac~ set of reverse throttle 
switches is tripped to de-enerp;ize the decrease pitch solenoid. Inasmuch as 
the relay box electrical lock on circuit is complete and both the No. 1 and 
No. 2 blade switches are tripped, the propeller increase pitch solenoid, the 
integral red light in the feathering switch and the auxiliary pwnp rela;v and 
pump are energized. As propeller pitch begins to increase the No. 1 blade s'Witch 
de~nergizes the PROP REVERSE light, the No. 2 blade switch de-energizes the re-
lay box lock on circuit. As the propeller blades move forward past the low 
pitch stop blAde switch No. 1 is tripped and the feather switch li~ht goes out. 
The auxiliary pump is de-p.nergized alonl!: with the increase pitch solenoid. Nor-
mal constant speed operation begins. 



DIRECTED STUDY PROGRAM I Page: 24 

I-
- " ... _- ~-"---~~~ 

I DHC-4 I 

I 
Ref.: 1080-3 

i 

1. UnreversinR is similar to • 

2. Moving the throttle back into forward range, the feathering 
pitch solenoid is de-energized. 

3. The pitch solenoid becomes energized, the decrease 
, and continue to be 

enerdzed. 

4. No. 1 blade switch turns off the increase; 
as the blade angle increases. feather light; 

auxiliary pump 

5. As blade angle continues beyond the prop reverse light 
the circuit is broken by the No. 1 blade 

switch. 
~ 

6. The pitch solenoid, , and low pitch stop 
become de-ener~zed and 

operation resumes. 

increase; 
feather light; 
auxiliary pump; 
governor 
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Each fuel tank compresses im flexible rubber fuel cells, secured between CClll­

partments within the wing. Fuel from each cell passes into a canmon manitold 
which extends along the underside of the cells from No. 10 to No. 1 cell. The 
sump of each No. 1 cell contains a fuel booster pump. In the line between the 
fuel booster pump and engine-driven fuel pump are 3 tank selector valves, tuel 
filter, and fuel emergency shut-otf valve. Connecting the two fuel tanks is a 
crossfeed line, containing a crossfeed valve which pennits fuel from either 
tank to be supplied to both engines.' An electric tank selector switch in cock­
pit' provides selection of the fuel system now. The tanks are vented from the 
end cells to atmosphere. During flight the airflow enters the outlets of the 
vent system and supplies a positive pressure in the fuel tanks. The quantity 
ot fuel available in each tank is shown on the fuel quantity indicators on the 
fuel panel. The tank fUler neck is located on the win~ upper surface and is 
installed in cell No.7. 

1 • The DHC-4A has ___ main fuel tanks, each divid-
ed into inter-connected cells. 

2. All inter-connected cells gravity feed into the two; 
___ cell, which contains a single. 10 

3. Fuel is trapped in the No.1, cell and prevented 
trom flOwing outboard by a • 

4. The main tank filler neck is located at the __ _ 
cell. 

5. There are ___ electric ___ valves operated 
from a panel. 

6. The fuel control panel consists of a single rotary 
switch with placarded positions , , 
---, . 

No. 1 root; 
ruel boost pump 

flapper valve 

No. 7 

3; 
solenoid ; 
fuel control 

off; 
both L.H.; 
normal; 
both R.H. 

t r • 

I 
I 
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BOCSTPUMPS 

The sul:D.erged fuel booster pump is of the centrifugal type, driven by a 28 volt 
dc motor. The pump and motor form.an integral unit bolted to tbe sump of No. 1 
fuel urder pressure for: primin~ crossfeedingj and as an emergency fuel pump 
in the event of engine-driven pump failure. A three-position toggle switch on 
the fuel panel, marked NORM, OFF, HIGH, controls each pump. The switch is posi­
tioned at NORM for engine starting, take-oft, climb, and landing, and is OFF 
during flight. Should the engine-driven fuel pump JmSi fuel booster pump on one 
side fail, the remaining fuel booster pump will develop sufficient pressure 
with the switch at HIGH to supply both engines. 

ENGINE-DRIVEN PUMP 

Mounted on the left side of the rear case of each en.dne, the pump is of the 
rotating vane type and incorporates an adjustable relief valve set to provide I.·. 

a fuel pressure to the carburetor of 17 ± 1 psi. I 

1 • The boost pumps are of the type. 

2. They supply fuel pressure for , , and . 
3. The boost pump switch has three positions, 

, • 

4. The engine-driven pumps are rotating type 
with an adjustable valve. 

5. On position a single pump is capable of 
supplying sufficient pressure for both engines. 

6. There are engine-driven fuel pumps to 
deliver pressure at psi. 

, 

centrifugal 

priming; 
starting; crossfeedin~ 

NORM; OFF; 
HIGH 

vane; 
relief 

HIGH 

two; 
17 ± 1 

I 
I 

I 
I 
I 

I 

I 
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EHmGENCY SHUTOFF VALVE 

There are two fue1. emergency shutoff valves, one for each engine, and they are 
bolted to the outboard side of 'each main firMl3.11. Each is an e1ectrica11y­
actuated, Di.otor~riven gate valve 'operated by" the fuel or oil emergency shutoff 
switches, ani is enclosed in a metal, fireproof box on the aft face of the main 
firewal"!.. 

CARBURETOR 

The carburetor is of t he pressure type mounted below the upper nacelle intake 
on the intennediate rear case. Between the carburetor and rear cage is an 
adaptor which contains the external priaiing line and nozzles, which inject the 
fuel into the impeller throat. Vapor return lines fran the top chamber of the 
Carburetor lead to the No. 1 fuel cell of each tank. Additional lines are pl'O­
vided for a fuel pressure transmitter and an oil dilution system. A Carburetor 
air intake adaptor and screen is attached to the carburetor throat. The mix­
ture and throttle co~ro1 linkages are located on the left side and a fuel 
strainer is mounted on the right. side of the carburetor. 

1. There are electrically actuated emergency 
shutoff valves. 

2. They are controlled by either the emergency _____ I 
shutoff switch or the shutoff switch. 

3. The valves are ___ gate valves mounted on the 
___ firewall. 

4. The carburetor priming system injects fuel into 
the • 

5. Return fuel is vented to the ___ of each __ --I 

tank. 

6. A fuel strainer is located on the __ _ side of 
the carburetor. 

two 

fuel, oil 

motor~riven; 
main 

impeller throat 

No. 1 cell, 
main 

right 
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FUEL QUANTITY INDICATING SYSTEM 

This consists of two fuel quantity indicators mounted on the ruel panel, ten . 
tank units (five far each tank), and two system. test button switches mounted on 
the fuel panel. The tank units are located in the fuel cells numbers " 2, 5, 
6 arxi 9 in each tank. The basic circuit of the system is a continuously reba­
lanced, capacitance bridge in which the tank units act as a variable capacitor. 
By means of the bridge, the fuel quantity indicator averages the fuel level 
sensed by the five tank units, thus providing accurate. fuel qUantity indications 
for all normal flight attitudes. Mounted to the tank units in number 1 and 
number 2 fuel cells in each tank are sensing elements used in the fuel low level 
warning system. The tank units consist of two conductive tubes separated by an 
air 'gap. The units in each are interconnected by coaxial cables with the capaci. 
tance, caused by changing fuel level unbalance the bridge circuit causing sig­
nals to flow to the amplifier. The signals are amplified and applied to a two­
phase induction motor which drives the fuel quantity indicator pointer in a di­
rection depending on whether the fuel level is rising or falling. The shaft 
which drives the pointer also drives the wiper arm of a potentianeter. As the 
motor operates, the wiper arm is positioned to rebalance the bridge circuit. 
The bridge circuit incorporates resistors for empty am full adjustment for cali 
bration purposes. 

The system test switches are used to open the 400 .cycle supply and unbalance the 
bridge circuit for test purposes. The fuel gj3.ge is not a moving coil instrument J 

and the amplifier is not a part ot the measuring circuit. AC power (115 volts, 
400 cps) is provided fran the aircraft inverter. The right side system is sup­
plied from phase A and the left system from phase C. The 400-cycle supply to 
the tank tmits is completed through the system test switch. 

1. Five fuel sensors of the ___ type balance a 
--_. 

2. To check the tuel gage operation a unba-
lances the to indicate a drop in quantity. 

.3. Fuel quantity is measured in ___ • 

4. Two tubes form the of the capacitor with 
___ ar acting as the dialectric. 

5. A attached to the indicator keeps tNt 
circuit in • 

6.' The gage' is calibrated for ___ and __ _ 
. indications by adjustable ___ • 

variable capacitance; 
bridge circuit 

test switch; 
bridge circuit 

pOUl'¥is 

plates; 
air;' fuel 

wiper arm; 
balance 
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empt y ; full; 
resistors 

The system for each e:1ci.ne canprises a fuel pressure transmitter, a fuel pres­
sure indicator, fuel pressure switch, and fuel low pressure waming light. Fuel 
pressure fran the carburetor is directed by flexible line to the transmitter, 
where the physical pressure is converted to electrical current and conveyed to 
the indicator on the en~ne instrument panel. A tee fitting at the rear of the 
transmitter provides a branch line to the fuel low pressure switch, which is 
moUnted immed:1a.tely above the transmitter mounting frame. 

1 • A pressure ___ converts fuel pressure to ---I 
--_. 

2. A tee fitting at the transmitter provides pressure 
to a warning switch. 

.3. A drop in fuel pressure will activate a __ _ 
___ on the fuel • 

4. Both the fuel ___ and fuel ___ gages operate 
on current. 

transmitter; 
electrical current 

low pressure 

waming light; 
control panel 

quantity; 
pressure; 
AC 
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OIL S1STEM 

A separate and similar oil system for each en~e canprises an oil' tank and 
sequence valve, oil cooler and temperature regulator valve. The system incor­
porates an oil dilution (gasoline shutoff) valve, an oil emergency shutoff 
valve. A short oil pressure line from the engine directs oil to an oil pressure 
transmitter on the art face of the main firewall. The oil pressure gage is 
mounted on the engine instrument panel, and is a compound type which also regis­
ters fuel pressure. Oil is drawn from the tank by an engine-driven pump am is 
filtered by the engine main oil screen. Scavenge oil is returned through a 
temperature regulator valve and oil cooler back to the oil tank where it is de­
aerated before re-circulating to the engine. To provide a minimum warm-up pe­
riod, the sequence valve and temperature regulator valve are each thennostatic­
ally controlled. This arrangement restricts the amount or cold oil circulating 
through the system and bypasses the oil cooler. Complete oil flow is resumed 
progressively as the oil wanns up and reaches 60

0
C. Oil dilution is provided " 

for extreme cold weather operations and is operated by switches mounted on the ~ 
angine switch panel in the flight compartment. . 

OIL TANK 

Located at the rear face &f. \be main firewall of each nacelle, and the total 
capacity. of each tank is ~ gallons. The body of the tank is of aluminum 
alloy, and contains a quick-wam-up hopper, a cascade, and swirl plates. A 
stack pipe assists the function of the quick-wam-up hopper. Fitted externally 
is a vent connection, dipstick, an oil flilerneck, and an overflow tray. At 
the bottan of the tank is a sequence valve, and to one side of it an oil drain 
valve. The filler neck and dipstick.are each acessible through individual hing­
ed doors fitted in tr.e winpo: leadin~ edge. The dipstick is marked to indicate 
the number of ~llons to ADD, \ gals • .RD(AINIIJG, or both. Use extreme caution! 
18 gals. are available to enp:ine pumps. 

TANK HOPPER 

The oil tank hopper is a series of oil res.ervoirs constructed within the center 
of the tank and extending from the top of the ta.nk well. It comprises outer 
and inner walls and a minor container attached at their lower ends to swirl 
plates. Mounted vertically within the inner container is a stack pipe which 
rises from the adapter block assembly to the cascade plates fitted at the top 
of the hopper. The space between the inner and outer walls or the hopper is 
used to funnel hot oil from 'the e n.ld.ne to the cascade. 
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1. The capacity of the oil tank is ___ gals. 

2. Complete oil circulation occurs at ___ oC. 

3. An internal and valve provides 
limited circulation for quick oil wann-up. 

4. Oil circulates between the ______ during 
engine wann-up. 

5. . Oil available to the engine pumps is ___ gals. 

6. The dipsticks are calibrated to read gals. ___ , 
gals. to , or • 

OIL TANK SEQUENCE VALVE 
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60 

hopper; 
sequence 

hopper walls 

18 

R:.IiW1AINING; 
ADD; both 

The sequence valve housing has four ports which are arranged to allow oU to 
now under pressure from an inlet port (return oil) to the hopper port or the 
tarik inlet port, and from the tank and hopper t a the engine supply port. Con-
tained and operating within the va.lve hOlising are three slide type valves posi­
tioned by a thennostatic element which locates the sliding valves at one end of 
the housing, while at the other end is a spring which loads the sliding valves 
against the thennostatic element. The related position of the valves to each 
other is a fixed ratio and, depending on the oil temperature sensed by thether­
mostat, the valves cover. and uncover internal chambers machined with the valve 
housing. The oil tank hopper and sequence valve function as one unit to res-
trict the amount of oil being circulated through the oil system to ena~e the 
wann-up period to be kept to a minimum. At an oil temperature below 43 C the 
thennostatic element of the sequence valve positions the sliding valves to di-
rect engine return oil through the tank base to the swirl plates. The oil then 
flows under pressure up between the inner an:!. outer walls of the hopper over 
the cascade at the top of the tank. The cascade directs oil into the hopper. 
The swquence valve position prevents oil flowing from the main portion of the 
tank but allows the engine to be supplied fran the wanned up oil in the hopper. 
A progressive warm-up of the circulating engine oil is sensed by the valve ther­
mostatic element I which progressively repositions the sequence valve am diverts ..... 
the. return oil to the stack pipe, and also allows the oil in the main portion of ... 
the tank to camnence circulating. 

Oil flowing through the stack pipe passes through cormeding swirl pipes to the 
cascade where it overflows into the .main portion of the tank. The cascade S!= 
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aerates the incoming oil. 
0 When the oil reaches a temperature of 60 C, the ther-

mostatic element positions the sequence valve to close off the hopper oil supply 
port, opening a port to the min portion of the tank to provide a complete ci~-
culation of all oil within the tank. 

1. The purpose of the sequence valve is to direct the 
internal circulation of oil supply in response to . 

2. There are slide valves positioned by a. temperature 
element. 

3. Below 0 Conly oil from the is allowed three (3); 
to ,Circulate to the engine. thermostatic 

4. Return oil is forced between the walls of the 1.3 ; 
and returned to the top . hopper 

5. As the oil warms it is diverted to the hopper; 
and where it overflows into cascade plates 

the . 
6. i't'hen fully warmed up at 0 C, the hopper sup- stack pipe; 

ply port is and the main supply port is swirl pipes; . reain tank 

60; 
clo~ed; 
open 

OIL COuLER 

Mounted above the oil tank within each nacelle, the cooler consists of a shell 
assembly and tubular core. The shell assembly incorporates baffles to direct 
oil through core passages and the cooler bypa ss jacket. The cooling air that 
flows throul!;h the tubes is provided by ram air directed through air intake ducts 
in the top cowling. The air, after. passing the tubes, is expelled through an 
air exit duct in the nacelle structure between the two augmentor tubes. Two 
vent doors are positioned in the exit duct to restrict the outflow and normally 
provide adequate air now for cooling. The position of the lower vent door is 
fixed, but the upper vent door can be adjusted on the ground to suit various 
climatic condit ions aM engine requirements. 
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1. The oil cooler is a shell and core assembly mounted 
in the upper duct. 

2. Exit ram air is expelled at the rear nacelle 
between the tubes • 

.3. Two ___ doors restrict the air flow from the 
exit duct. 

4. The vent door is fixed, but the ___ vent 
door is ground adjustable. 

»!ERGENCY SHurOFF VALVE 
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air intake 

aupntor 

vent 

lower; 
upper 

An oil emergency shutoff valve is fitted in the engine supply line from the oil 
tank to the engine oil inlet, and adjacent to the oil tank. The valve is a two­
position, full now, gate type valve, l"aving a 2S-volt electric motor unit in­
corporating a planetary reduction gearing a controlled positive-drive clutch, 
internal cutout switches, and a switch for visual indication o~ the gate posi­
tion. A small lever, painted red, is attached externally to the gate valve 
mechanism and indicater valve position by alignin~ with housing marks OPEN or 
CU5ED. A fire-proof metal box completely encloses the valve. An oil emergency 
shutoff switch on the emergency panel in the ni$t compartment operates the 
valve circuit in conjunction with the fuel and hydraulic emergency shutoff 
valves. The switch is guarded to prevent inadvertent operation of the valves. 

DILUTION SYSTEM 

An oil dilution system is fitted to each engine oil system but is not normally 
required in SEA climatic conditions. 

TDlPERA TURE INDICATING SYSTEM 

The -indicating system for each enrlne is electrical and consists of an oil tem­
perature bulb, located in the ri ght-hand side of t he rear case, which is wired 
to an oil temperature indicator. The indica~or is' mgunted on the engine instru­
ment panel and indicates tempe:re.tures from 0 to 125 C, nonnal engine oil tem­
perature is 60oC. 

1 

I 

! 
f 
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PRESSURE INDICATING 5YST»{ 

The indicating S)"stem for each engine comprises a short flexible pipe, to an 
electrical oil pressure transmitter and oil pressure switch, an oil pressure 
gage and an oil low pressure warn~ light. Each transmitter and switch is 
mounted on the top rear face of the main firewall, and are the two top compo-
nents. The gage lights are on the engine instrument panel. The oil pressure 
indicator is an autosyn type, indicating oil pressure from 0 to 125 psi on the 
upper portion of the dial face, and fuel pressure on the lower. Oil under pres-
sure is taken from the right-hand side of the engine rear case, above and for-
ward of the engine oil screen. The other end of the tee connector directs oil , 
to the oil pressure switch. The transmitter converts oil pressure into a steady 
electrical signal which is received by the indicator. ShOUld the oil pressure 
drop to 45 psi or less,-an oil pressure warning light is illuminated by the oil 
pressure switch. Engine normal oil pressure is 85 to 90 psi at an oil tempera-
ture of 600 C with an engine speed equivalent to a manifold pressure equal to -
the field barometric pressure of the day. 

1. The oil emergency shut valves are position, 
type valves. 

2. They are operated by motors, controll ed by two; 
switches located on the flight panel. gate 

3. Activation of the oil shutoff switch will also 28 VDC; 
shutoff and lines. emergency 

4. Oil temperature is measured by a in fuel; 
the engine rear case. hydraulic 

5. Th~ electrical gage operates on current. temperature bulb 

6. Normal oil temperature is °C. 28 VDC 

7. An oil pressure converts pressure 60 
from a flexible line to an gage on the 
instrument panel. 

8. The oil gage is of the type. transmitter; 
direct; 
electrical· 

9~ A tee connector also provides pressure to an oil autosyn 
pressure to operate a low pressure 

• 
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10. The low pressure pming light will illuminate at switch; 
psi or below. warning light 

11. At 60°C temperature, normal oil pressure is 45 
psi. 

85-90 
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Hl1IWJLIC SYSTIX 

GENl!R&L . 
The normal hydraulic s7Stem. power is supplied by the two engine-drlven hydraulic 
pumps. Each pump is supplied with fluid from the reservoir through a suction 
line, and delivers the fluid th~h a system. filter and a hydraulic pressure 
shutoff valve to selector valves for the various circuits. Pressure is regulat-
ed. to a nominal 3000 psi by a pressure control provision in each pump, and ex-
cess nuid is bled through a pump bypass line to the reservoir. Retum lines 
from the brakes, naps, and steering hydraulic circuits are connected to a com-
mon return line which extends from the landing gear selector valve to the re-
servoir. A're1ief valve relieves pressure from the main pressure line to return 
in the event of. excessive pressure build......up in the s7Stem. A hydraulic system 
pressure gage is located in a pylon between the pilot IS rudder pedals. Two am-
ber hydraulic low· pressure warning lights above the pressure gage are electrical 
1y connected to two corresponding pressure switches, one in each engine-driven 
pump pressure and bypass line to isolate an inoperative pump. Additional check 
valves are located in the pressure and retum lines to each of the services. An 
e1ectrica11y-operated hydraulic emergency shut~ff valve in each engine-driven 
pump suction line is controlled by the appropriate oil emergency shutoff switch 
on the emergency panel in the cockpit, to isolate the pump in case of fire. 

1. The hydraulic system on the DHC-4 operates the 
, , , and . 

2. Normal pressure is supplied at psi by landing gear; 
engine-driven pumps. flaps; brakes; 

nosewhee1 steering 

). Anaux.11iary is available for )000; 
emergency use. two 

4. All operating units use a common return line from hand pump 
the selector valve. 

5. A system. pressure gage is mounted between the landing gear 
rudder pedals. 

6. The low pressure waming lights are colored pilotls 
• 

? emergency shutoff valves are controlled two; 
,e1ectrica11, from the panel. 'amber 

two; emergency I 
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H1lJlAULIC RmERVOIR 

Mounted on the tonard face ot the night compartment bulkhead behind the pilot I e 
seat, it has a nuid ca.pacity ot 1.52 ,alloM and is equipped with a filler neck 
an inspection window, and a drain valve. A wire mesh prevents entry of foreign 

. matter when tUling the reservoir. Four integral standpipes in the reservoir 
connect to the normal suction, emergency suction, pump bypass, and return lines. 
The four standpipes end at different nuid levels, the lowest being the emergen­
cy suction outlet, so that in the event of a leak occurring in the normal system 
sufficient nuid will be trapped in the reservoir to supply the handpump for 
lowering the nose gear and replenishing the brake accumulator. The retum line 
standpipe ends in an open tee above the fluid level and directs the fluid around 
the· reservoir walls to eliminate air bubbles. The reservoir is maintained at 
atmospheric pressure by a vent which connects to an elbow in the top of the re­
servoir. A vent tube connects the top of· the fUler neck to the main body o~ 
the reservoir at a point above the nuid level. . 

1. The reservoir has a capacity ot ___ gallons. 

2. It contains ___ standpipes at different levels. 1.52 

.3. '!'he lowest level standpipe serves the __ _ four 
_____ 0 

4. '!'he __ ...;. standpipe directs the fluid to hand pump 
eliminate air. 

5. The reservoir is dept at ___ pressure by a vent return line 

atmospheric 

ENGINE-DRIVEN HYDRAULIC PUMPS 

Mounted on the rear case of each engine below the dc generator, the pumps are 
of the variable now type with a pressure control mechanism controlling fluid 
outlet pressure. Delivery of fluid is progressively decreased during reduced 
now requirem.ents by the pressure control mechanism. A bypass line between the 
pumps .and the reservoir provides cooling and lubrication during non-operation 
ot hydraulically controlled units. 
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HYDRAULIC LOW PR.l!SSURE WARNING LIGHTS 

Two amber, press-to-test, hydraulic low pressure warning lights, located on t~ 
pylon between the pilot's rudder pedals, above the h~draulic system pressure 
gage, provide warning of malfunction ot the engine-driven hydraulic pumps. The 
-lights are controlled by pressure switches, one in the left engine-driven pump 
pressure line, and one in the ri"ht engine-driven pump pressure line. 

1. The engine-dri ven pumps are of the _____ _ 
type. 

2. -Reduced flow requirements are controlled by a 
______ ' mechanism within the pump. 

:3. and of the pumps is provided for by 
a bypass line to reservoir. 

4. The low pressure warning lights are controlled by 

-----_. 

HYDRAULIC PRESSURE SHUTOFF VALVE 

variabl~ now 

pressure control 

cooling; 
lubrication 

pressure switches 

Mounted on the forward face of the ni~ht compartment bulkhead alongside the 
hydraulic reservoir, it is provided to permit isolation of the pressure line 
from the engine-driven hydraulic pumps by directinp: slow from the pumps back 
into the reservoir. The valve provides an emergency shutoff in night in the 
-event of major leaks in lines downstream of the valve. It can also be used to 
isolate the pumps during ground servicing operations. 

D1ERGENCY SHUTOFF VALVES 

__ Installed in the suction line to each enf'ine-driven pump, they are located in 
the wing center section. Each valve is a 28-volt motor-operated gate valve 
operating trom the emergency dc bus, controlled 9Y the appropriate oil emergency 
shutoff switch on the cockpit emergency panel. A red-colored lever on the valve 
gives indication of the valve OPEN and CLOSED positions. Two thermal relief 
valves, one for the val ve bo~ and the other for the line, are bull t integrally 
with the shutott valve. 
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1. A. pressure shutoft valve is provided tor __ _ 
--_. 

2. When closed, the pressure shutoff valve will __ .-; 
the pumps and direct the pump output to ___ • 

3. The emergency shutoff valves are operated by a 

-----_. 
4. Power to operate the emergency shutoff valves is 

<supplied from the bus. 

LANDING GEAR HYDRAULIC CIRCUIT 

Page: 5 
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inflight emergencies 

isolate; 
reservoir 

2S VDC motor 

emergency 

The gear is extended and retracted by fluid from the hydraulic system. The 
fluid is directed to the main gear retraction actuators, up locks, down locks. 
(shortening mechanisms), and nose gear drag strut (actuator) by a two-position 
landing gear selection only, through a two-position emergency landing ;tear down 
selector valve. Return fluid is fed back to the reservoir common return line 
via the emergency landing gear down selector valve (during the landing gear 
down selection only) and the landing f!ear selector valve. Two restrictors in 
the nose gear circuit control the speed of extension and retraction. 

MAIN GEAR 

Each main gear unit consists of a pneudrauiic shock strut cylinder, a shorten­
ing mechanism (including the down lock), a retraction actuator, a drag strut, 
a stabilizer, and an up lock. The units are housed within the engine nacelles 
and are attached to the wing front and rear spars. When the landing Rear lever 
is selected to the up position, the hydraulic pressure is fed to the retraction 
actuator. The shortening mechanism, which later retracts, releases the down 
locks, and pulls the stabilizer to initially fold the drag strut. The retrac­
tion actuator extends and starts retracting the lIB. in structure, which in tum 
continues folding the drag strut. This causes the shortening mechanism (through 
the stabilizer) to pivot about its attachment, craw the shock strut cylinder up­
ward.s, and thus shorten the overall length of the leg. When fully retracted, 
a spring-load.ed, hook type up lock automatically locks the gear on contact with 
the hook, and mechanically-operated. doors completely enclose the unit. 
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1. When the gear is selecte<i UP, hydraulic pressure 
is applied to the and the __ _ 
mechanism • 

. 2. The shortening mechanism breaks the ___ and 
-----_. 

3. The retraction actuator extends and folds the 
______ and • 

4 •. Pivoting of the shortening mechanism then draws 
the upward to shorten the overall 
length of the main gear. 

5. A ___ holds the gear in th~ 
retracted position. 

6. ______ closes the doors. 

MAIN GEAR RETRACTION ACTUATOR 

Page: '7 

Ref' • : 1 ()8()...4c 

retraction actuator; 
shortening 

downlock; 
drag strut 

main gear; 
drag strut 

shock strut 

spring-loaded hook 

Mechanical linkage 

Pivot mounted to the wing rear spar and to one leg of the Y-shaped upper portion 
ot the shock strut, the actuators are simple in design and consist of a piston, 
a piston rod, and an outer easing (cylinder). Two ports labeled UP and OOWN 
transmit hydraulic fluid fro~ the landing gear selector valve to the selected 
side of the actuator piston. Each port has a filter screen and two restrictors. 
The outboard restrictor of each pair is single-acting, .and is held against its 
seating by a coil spring to regulate the flow of return fluid. Inlet fluid 
pressure compresses the spring, forces the restrictor off its seating, and by­
passes it in favor of' the inboard fixed restrictor. 

MAIN GEAR SHORTENING MECHANISM 

Bolted to the main gear shock strut cylinder, and anchored to the wing rear 
spar, its purpose is to provide a down lock for the main gear, tQ release the 
down lock and initiate the folding sequence of the 'gear for retraction by moving 
the drag strut through its overcenter position, and to shorten the overall 

~ length ot the gear during retraction. 
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KlIN GEAR LOCK 

Consists ot a cylinder and piston with a spring retum, a locking hook, and a, 
manuall,.-operated emergency releas~ lever. When the landing gear selector leTer 
is selected down, hydraulic pressure is fed to the top of the up lock piston via 

. an elbow, filter, and a restrictor. The piston is forced down against the sprin@ 
and pivots the locking hook to release the main gear. When the landing gear 

,selector lever is selected up, the pressure on the up lock piston is relieved, 
and the spring torces the piston up and pivots the locking hook to the locked 
pos:t,.tion, where it is read,. to snap around the up lock roller on the shock strut. 
A cab1e-actuated emergency release lever is pivot mounted on the up lock st~c-
ture, and is used to depress the piston and unlock the hook in the event ot a 
hydraulic tailure. The up lock structure also provides a mountin~ for the up 
lock microswitch. 

1. The main gear actuator is ati:JLched to the 
spar and one of the Y-shaped legs of the . 

2. It has ports labeled and • rear; 
main gear shock strut 

3. Return nuid flow is regulated by a spring and two; 
ball . UP; DOWN 

4. The purpose of the gear shortening actuator is to restrictor 
provide a , to release the 

, and the folding sequence~ 

5. The drag strut is moved through its down lock; 
position, and overall length of the gear is dowl'i lock; 
by the gear shortening actuator. initiate 

6. The main gear up10ck is a cylinder and piston with overcenter; 
a return, a , and a manually-operated shortened 

lever. 

7. Selecting gear DC1flN, moves the against the spring;' hook; 
, and pivots the • emergency release 

8. . Selecting gear UP, relieves hydraulic ' and piston; 
the pivOts the hook to receive the spring; 

• locking hook 
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. MAIN GEAR SHOCK smUT CYLINDER 
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pressure; 
spring; 
uplock roller 

A two-stage, pneudraulic shock absorber consisting of a fixed outer cylinder and 
a sliding inner cylinder. The outer cylinder is attached to the aircraft throug} 
the shortening mechanism and has a head and a metering pin, while the inner cy­
linder carries the wheels and has a head with fixed orifices and a flapper valve 
two floating pistons, a tixed tube, and floating tube. The inner cylinder is 
separated into upper and lower cylinders by a floating piston; the upper cylin­
der (cylinder No.1) is charged with air at 150 psi while lower cylinder (cylin­
der No.2) is charged with air at 1030 psi. The space within the outer cylinder 
(above the head of the inner cylinder) is charged with hydraulic fluid to .1QQ 
:2!i. 

CPE:R.A.TION 

When subjected to a landing load, fluid is forced through the fixed orifices of 
the cylinder, past the flapper valve, into the space above the upper floating 
piston and into the annular space between the inner and outer cylinders. The 
upper floating piston is pushed downwards until sufficient load has been applied 
to raise the pressure in cylinder No. 1 to 770 psi; at this point, the upper 
floating piston bottoms on the lower floating piston and the cylinder is partial 
ly contracted. Further increases in loading raise the pressure without contract 
ing the cylinder until the fluid pressure above the floating pistons equals the 
air pressure in cylinder No.2. Loading beyond this point moves the floating 
pistons down until they reach the stop on the floating upper stack tube. The" 
two floating pistons and the floating upper stack tube will now move together 
as unit. 

1 • The main shock strut is a ___ stage, pneudraulic 
shock absorber. 

2. The fixed outer (upper) cylinder is attached to the two 
___ mechanism. 

3. The inner (lower) cylinder carries the • shortening 

4. The cylinder uses two floating pistons as wheels 
the tirst stage of compression • 

. 
5. The upper cylinder is air precharged to psi lower 

and the lower cylinder is air precharged to 
psi. 
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6. Movement of the upper cylinder forces 150; 
through a flapper valve and push~ the 1030 
floating piston until it bottoms against the 
floating piston. 

7. At this stage the air in the upper cylinder has 
I 

fluid; 
been compressed to psi. upper; lower 

8. Second stage compression continues until both upper 770 
cylinder and lower cylinder pressures reach 
psi. 

9. Further increases in loading will then move 1030 
down until they reach a stop. 

both floating pistons 

Up to this point, the oil pressure on the upper floating piston has been balanc-
ed by the air pressure on the lower floating piston, minus the area of the float-
ing upper stack tube (since the piston has been sliding on the tube). Now, how-
ever, the area of the floating upper stack tube is added to that of the lower 
floating piston, so that more oil pressure can be applied without further clo-
sure of the cylinder until the balance is again reached. Further increases of 
load beyond this point result in the ~linder being fully contracted, and the 
head of the inner cylinder butts against the head of the outer cylinder. On ·re-
bound, the fluid is forced back into the outer cylinder by the floating pistons. 
The fixed orifices are closed by the flapper valve and the fluid returns via a 
variable orifice formed by the metering pin in the head of the inner cylinder. 

1. Oil pressure on the floating piston balances 
pressure on the lower floating piston. 

2. Severe impact load will cause the of the upper; 
inner cylinder to butt. against the head of the air 

cylinder. 

3. On rebound, is forced back into the upper head; 
cylinder by the pistons. outer 

4. Since the valv. is closed fluid is returned fluid; 
via a orifice in the head of the inner floating 
cylinder. 

flapper; variable 
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MAIN GEAR WEIGHT SWITCH 

A microswitch is mounted on the upper torque arm at each main gear. The switch­
es are wired in series to one another (and also to the weight switch on the nose 

. gear) and. are connected into the landing gear control relay to prevent the gears 
being retracted when the aircraft's weight is resting on the wheels. When the 
wheels are clear or the ground, the torque arms are open to their full extent 
and the main gear weight switches are tripped by brackets on the main gear hous­
ing. 

MAIN GEAR EMERGENCY EX'I'mSION SlSTJ!.){ 

A means of extending the main gears in the event of hydraulic failure is provid­
ed by a yellow and black striped D-ring on the front of the flight compartment 
bulkhead behind the pilot's seat _ A cable connected to the handle runs aft to 
a tork end and two cables connected to the fork end extend to the left and right 
engine nacelles. The cables are each attached to a lever on the up lock struc­
ture. Pulling the emergency extension handle causes the levers to pivot against 
the up lock piston and unlock the hook to allow the gears to tree fall. 

~: See section 1080-7 for emergency gear extension. 

MAIN WHEEL TIRl!S 

The main wheels have ~ rating, 11.00 x 12 tubeless nylon tires which should 
be kept at a pressure of 40 psi for hard runway operation or 35 psi for soft 
ground operations. Tire pressures may be increased up to 50 psi for sub-zero 
operations. 

1 • Each gear has a microswitch mounted on the upper 
______ to prevent gear retraction on the 
ground. 

2. All three switches are wired in ___ • 

3. Emergency gear extension is accomplished by a 
___ behind the pilot's seat. 

4. A.ttached ___ cause a lever to pivot against ,the 
______ and the gear will • 

5. Normal tire pressure· is psi for hard surtace 
and psi-for sottsurface operation. 

torque arm 

series 

D-ring 

cables; 
uplock piston; 
tree fall 

40; 35 
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CFERATION 

Movement of 1;.he nosewheel steering wheel in the flight c<lnpartment is transmit­
ted to a steering control valve which is normally held in a neutral position by 
a "feel" spring. When the nosewheel steering switch in the cockpit is selected 

. ON, the steering valve in the pressure supply line is opened. Fluid is fed into 
the selector valve, through a filter incorporating a 50 psi differential relief 
.Yal!!i and through an internal drilling to the steering control valve. Raising 
the steering control valve directs fluid to the top side of the piston and 
forces the cylinder upwards to turn the wheels to the left. As the cylinder 
moves upwards, the pivot point of the actuating lever is a~so raised am the. 
steering control valve is returned to its neutral position. 

When the steering control valve is lowered, the cylinder moves downwards, the 
wheels turn to the right and the valve is returned to_neutral. Thus the pivQted 
lever acts as a follow~~p device and enables the wheeis to be turned to any pre­
determined position. A cylinder reservoir within the selector valve is fed by 
return fluid from the actuator cylinder and houses a spring-loaded floating pis- ,. 
ton incorporating a 250 psi relief valve. The floating piston varies the capa- ~ 
city of the reservoir to eliminate surging in the return line, while the relief 
valve allows pressure in excess of 250 psi to be relieved into the hydraulic 
system common return line. The nuid maintained within the reservoir compen-
sates for any internal leakage during the period when the nosewheel steering 
valve in the pressure supply line is closed (e.g. during flight). A shimmy-
damping restrictor, introduced between the lines to either side of the piston, 
is effective only when the nosewheel steering switch is OFF. \ihen the nosewheel 
steering switch is selected ON, fluid from the pressure supply line lifts a 
shimmy-damping shut-off valve which blanks off one side of the restrictor and 
renders it inoperative. A double-acting Dressure relief valve is positioned -
between the pressure lines to the actuat,or cylinder and the return line, and is 
set at 3100 psi. During takeoff a nose gear weight switch opens the electrical 
circuit and the steering valve is shutoff. 

1. The steering valve is actuated to admit· 
pressure to the selector valve, provided the nose 
gear is on the ground. 

2. A variable volume nuid reservoir from the return 
line is provided to elimina.te • 

The shimmy-damping feature is not effective with 
the control switch in the position. 

4. In flight the 110se wheel steering val va is ___ " 

5. A nose gear weight switch shuts off the __ _ 
after takeoff rotation. 

electrically 

surging 

ON 

CLmED 
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steering valve 

NOSEWHEEL STEERING SYSTEM 

A hand-operated steering wheel o~ the left side of the flight compartme~t is 
connected by cables to the selector valve of a hydraulically-operated steering 
actuator. The actuator is attached at the upper end to the outer cylinder of 
the nose gear shock strut, and at the lower end to the upper torque arm. Exten­
sion and. retraction of the actuator is transmitted through a universal joint 
between the upper and lower torque arms to the nose wheel axles to give a nomi­
nal left and right steering range of 60 degrees. 

NmEWHEEL STEERING ACTUATOR 

Consists of a piston, a cylinder, and a selector valve which is an integral part 
of the cylinder. The piston is bolted to the nase gear shock strut pivot arm 
and the cylinder is attached to the upper torque a.nn via an interconnecting 
lever, while the selector valve ports hydraulic fluid under pressure to the 
selected side of the piston. As the piston is fixed, the cylinder will move and 
thus move the wheels. The selector valve has two main functions: to supply 
hydraulic pressure to the selected side of the piston; and to damRen wheel shim­
mying. 

NOSE'WIiEEL STEERING RESTRICTOR AND CHECK VALVE 

A restrictor is fitted into the hydraulic supply line between the nosewheel 
steering valve and the nosewheel steering actuator. A check valve in the return 
line from the actuator is mounted on the hydraulic panel. 

Nosewheel tires have ~ rating, 7,50 x 10 tubeless nylon tires which should 
be kept at a pressure of 42 psi for hard runway operation or 38 psi for soft 
ground operation. 

1. Nosewheel 8teo!ring is controlled by a ___ on 
the side of the cockpit. , 

2. Connecting cables lead to a hydraulic __ _ ___ , 
3. The ports fluid pressure to the 

. selected side of the piston. 

4.. The naninai left and right steering range is 
degrees. • 

wheel; 
left 

selector valve 

selector valve 
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5. Another function of the selector valve is to 
___ wheel shimlny. 

6. Nosewheel tire pressure for hard surface operation 
is psi. 

NC6E GEAR 
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60 

dampen 

42 

The nose gear consists of a pneudraulic shock strut which is mounted on a pivot 
smft, and raised and lowered by a hydraulically-operated drag strut. An inter­
nal arrangement of segments backed up by a hydraulically-operated piston pro­
vides the up and down locks for the drag strut. Two doors, connected to the 
shock strut pivot arm by a system of rods, are open during the retraction and 
extension of the gear but are closed when the gear is either fYlly up or down. ~ 
In the retracted position, enclosure of the gear well is completed by fairing 
attached to the shock strut. A compressed air cylinder, strapped to the drag 
strut and operated from the flight compartment, is provided as an emergency 
method of lowering the nose gear in the event of hydraulic failure. A yeight 
switch mounted on the shock strut lower torque arm is wired in series to similar 
weight switches on the main gears and also to the landing gear" control relay to 
prevent the gears being retracted when the aircraft t s weight is resting on the 
wheels. 
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Pivot lILOtIDted to a traneverse structural beam. in the nose gear well and to the 
outer cylinder ot the nose gear s~ock strut, the drag strut also serves as a 
retraction actuator. In the extended position (nose gear down), the down lock 

· segments bottom on the piston sleeve and are expanded into a beveled recess in 
the cylinder wall. 

When the gear is selected up, the down lock is broken b;y nuid pressure which 
is ted to the piston sleeve and to the outside edge of the down lock segments. 
The sleeve compress.. the spring and moves back trom under the segments are . 
then torced inwards untU the,. clear the recess in the c,.linder wall. Fluid 
is also ted to the annular area between the bores ot the cylinder and piston 
rod, .and the piston and rod are retracted and locked up. The method tor lock­
ing the piston up is similar to that used tor the daMn lock. The up lock seg­
ments are e.xpa.nded into a recess in the c,.linder wall b;y beingtorced. up the 

· beveled edge of a spring-loaded sleeve. When the gear is selected down, the 
sleeve retracts against the spring, and the spring and the segments unlock. " 
l"'luid is also ducted to the hollow extension tube and is ted to the end ot the ",. 
piston rod, where it exerts the pressure required to extend the rod and piston, 
and lower the gear. Microswitches, connected to the indicator lights in the 
night compartment are located on the outside casing ot the strut cylinder 
opposite the recesses occupied b;y the up and down lock segments. r.nergency 
extension or the strut is provided b;y an air bottle strapped. to the strut outer 
casing •. See section 1080-7 tor emergency extension. See section 10S0-4s tor 
nose wheel steering. 

WHEEL BRAKE UNITS 

Bolted to the torque plate ot each main wheel a.xle, each unit consists ot a 
· single annular disk which is mounted to and rotates with the wheel, two pairs 
of tlat opposed brake linings, and tour pistons. Hydraulic pressure acting on 
the pistons torces the inner brake linings against the tloating annular disk, 
and moves the disk until it contacts the outer linings to ettect braking. Two 
springs return the linings to their normal position when the hydraulic pressure 
is released. 

WHEEL BRAKES HYDRAULIC CIRCUIT 

The brakes are actuated b,. hydraulic pressure controlled b;y pedal-operated 
wheel brakes control valves, the pressure being in proportion to brake pedal" 
depression. The fluid is supplied trclll the _in ~ulic s1Stem to the con­
trol valves and a brake hydraulic accumulator, the return tluid being ted back 
to the main s,.at. coaaon retum line. Check valves are located. ~ the suppl,., 
line, the return line, and the accumulator charging line, while a thel"JM,l re- ..,. 
lief DIve between "the suppl,. and return lines, and pressure relief UlDS con­
nected. ·between the control valves, brake units, and retU1"n line, protect the 
s;'t. against excessive pressure. The s7l'tem is also provided with slNttle 
DlDS tor a wheel brakes emergenC7 air sJ1St •• 
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1. A annular disk bolted to the wheel is 
mounted between sets of flat, opposed brake 
linin$. 

2. ~raulic pres8ure actuate8 piston8 which single; 
man the brake lining to clamp the disk two 
again8t the brake lining. 

3. return the lining8 to their normal position 4' inner' , , 
when pres8ure is relea8ed. outer 

4. . Brake pressure is controlled through a springs 
valve in proportion to pedal depression. 

S. Fluid pre8sure is supplied fraa the brake control 
and a brake . 

6. Retum fluid flow is back to main system ma,in h7draulic 818t_ 
line. n,draulic accumll.ator 

7. The brake syst_ is protected b7 camaon return 
valve8, and valves. 

thermal relief; 
pressure relief' 

. 
WHE!L BRAKJ.i.3 HYDRAULIC ACCUMULATOR 

Mounted beneath the flight compartment floor, its function is to provide the 
wheel brakes with supplemental pressure in an emergency or during limited pe-
riods of peak demand, and to maintain brake pressure while the aircraft is park-

• ed with the engines stopped. The accumulator consists of a steel tube, hou8ing 
a floating piston which separate8 fluid and air chambers. It is connected into 
the hydraulic s18tem to the wheel brake8 control val ve8, and an air charging 
valve with an integral gage is mounted on a bracket iDmedia.tel~behind the nose 
left-hand access door. The air pre charge is 8Q()...85Q p8i at 70 • In event of 
failure of the _in h,a.raulic system a one W&7 che~k valve i8olate8 the pressure 
in the brake 8ystem, or accumulator pressure my be hand pumped in an emergenC7. 

·c Wl:lEEL BRAKES CONTROL VALViS 

Located beneath the floor of the night compartment, tt187 are in etfect variable 
pre8Sure reducers which meter fluid from. the main hydraulic 818tem to the brake 
pre88ure lines in proportion to brake pedal movement. Each valve has a ma.x:1auII 
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delive17 pre88ure of aoo pll; aDi consist8 of a cast alUll1nlDl allO)" 'bodJ'. con-
taining a leftr-operated floating pi8ton and a spring-loaded poppet Yalve. The 
Yal ft8 are connected into the 8)"8t~ through three ports, inlet, outlet and 
exhaust, and are protected by a thermal relief Blve (in the inlet line~ which 
is set at 3200 pli. 

1. The brake accumulator is the type. 

2 • It is located behind. tlwJ nose acceS8 door. ' floating piston 

3. . The acCUlllUl.a.tor air precmrge is psi. left 

4. Accum:ul.ator pressure may be in an eoo + 50 
-0 

emergency. 

5. The brake control valves .eter fluid from the l'a.ncl pumped 
system with a maximum deliTary pres8ure of 
psi. 

6. They are floating pistons with a spring-loaded main; 
, and incorporate ports. 800 

7. The inlet line contains a relief valve. poppet valve; 
three 

thermal 

WHEEL I3RA.KE3 SHUT'l'LE VALVES 

Two, interconnecting shuttle valves are mounted to the aft brake unit connections 
of each main gear, and are connected to the hydraulic fluid line from the res-
pecti ve brake control valve, and' to the emergency air line from the wheel brakes 
emergency systea. The main 'bod7 of each shuttle valve houses a shuttle piston, 
which is spring-loaded against the emergency air inlet to allow free passage of 
the hydraulic nuid to the wheel brake units. A filter and a spring-loaded 
restrictor are incorporated in the fluid inlet connection, the restrictor act-
ing &8 a saf'ety valve to prevent excessive loss of ·nuid in the event of cc.a.-
plate failure of a wheel brake unit. When the pressure at the wheel brake units 
is released', the resulting back pressure forces the restrict or from its seat 
aDi. the fluid i8 ex:t.usted in an unrestricted flow past the cutaway s"ides of 
the restrictor. l!'4ergency air selection moves the shuttle piston against its 
spring, closes tlwJ fluid inlet, and opens the air inlet to the wheel brake units 

!Qr!: Se. s.ction 1080-7 for operation of emerg.ncy air brak •• 
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WHE!L BRAKES SYSTEM CHECK AND RELIEF VALVES 

The three check valves in the pressure, return, and brake accumulator handpump 
charging lines, and the 3200 psi thermal relief valva, are mounted on the hy_. 
draulic panel below the flight compartment floor. 

PARKING BRAKE 

Hand-operated fran a handle on the pylon immediately in front of the pilot t s 
position, the parking brake is applied by first depressing the brake pedals 
and then pulling out the parking brake handle to retain the brake control valves 
lever. . 

1. A restrictor valve in the inlet line to the brake 
to prevent of fluid in case of brake fail-· 
ure. 

2. Back pressure unseats the valve to provide __ _ 
return flow. 

• 
:3. A valve separates the fluid line to the 

brakes and the brake air inlet line. 

4. Fmergency selection of air moves the ___ -~---i 
against its spring, the fluid inlet, and 
___ the air inlet to the brakes. 

5. The parking brake handle is located on a pylon in 
front of the • 

6. To set the parkir)g brake, first ___ . the pedals 
and then the handle. 

loss 

unrestricted 

shuttle; 
emergency 

shuttle piston; 
closes; opens 

pilot 

depress; 
pull 




