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-------~ 

This handout is a supplemental reference which you may retain permanently. 
It will provide you with study material which will help you understand aDd 
accomplish your classroom instruction. 

NOTE 

Technical orders and other official directives 
supersede this handout when the information 
conflicts 
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The aircraf~ is a long r&nge, low 
wing monoplane, eq uipptrl with a ;-tJ­

tractable tricyc h~ landing pear. ':lhe 
cabin is pressuri~ed and air cond1-
tioned. 

proximately 60 litter patien·;;s wi.th 
provisions for 6 Iaedic£-i att·j:~a~Y::s 
when used as an acbul.ance trt..ns_pc.l·t, or 
diversified oargo when used o.s a .~argc 

transport. 

The aircraft was designed for car­
rying approximately 76 passengers when 
used as a personnel transport, and ap-

Accomodations are provided for 4 
crew members: pilot, copilot, f~ight 
mechanic, and navigator. 

.. --



Seot1• 1 

~----------------------106 FEET 10 INCHES------------------------~ 

f---36 FfET 2 INCHES---; 

----~1-23 FEET 3 INCHU 

~'""· mr 
1·2• • .-. INCHES-+---+-.....t 

26 FEET 4 INCHIS~--------+.1~1 

t--------- 117 llllll 6 INCHES-+---------------------------~ 

10· FEITo 5 INCHES -1-_...~ 1----..... - DIAMETIR 
13 HET • INCHIS 

,.JIII--
DIIIDAAI 

Tltr...DI..,.aiOit•l VIew ol AlrcNft 

-If 
I 



!he designed gross veight is 
107,000 pounds vi th a landing gross 
vtight o! 88,200 pounds. Fuel duaping 
provi81ons are tor the express purpose 
of reducing the landing gross weight. 

Ai,rfrome CoQitrUQtion 

The fuselage structure is all met­
al. It is saai-monoooque construction 
having transverse frames and longitudi­
nal stiffeners covered with a:i.lumi.num 
alloy. The nose and tail sections are 
removable. 1be fuselage 1e peranently 
attaohed to the center wing vi th ,Pres­
sure aealed connections. 

The outer wing panels and tips are 
detachable. 'Ibe center ving has at­
tached engine naoellee 

Leading edges of the wings are of 
double skin oonatruotion to perai t 
thermal anti-icing. Aooesa doors are 
provided tor wing interior inspection, 
except in the integral fuel tank areas. 
!he leading edge of the center aection 
betveen the fuselage and the outboard 
nacelles are provided vith aooess pan­
els. 

!he airplane is soundproofed to 
attain a minimum interior noise level. 
A flexible mioa aheet is cemented to 
the inside akin of the tueelaae, over 
lolhioh a layer of fib•rglas battinc 1a 
added. A final lining of Jt•1nated 
fiberilas ooapletea the inatallation, 
These 111.teriale abo attord a aaxiaum 
degree of fire resistance, 

Control Syrtagoa 

The ailerona and elevators are of 
all metal construction, exoept for the 
plaatio imprasnated tiberala• trailinc 
edies. They are aealed to reduoe the 
entry ot water and have drain hole• aD:t 
vente in the lower aurtaae. The rud­
der and ita tab are of fabric covered 
metal frame construction. 

Section l 

The aileron and rudder tabs are 
spring-loaded and serve the dual pur­
poae of triJrlming the airplane and pro­
viding aerodynamic boost for the re­
spective control surfaces. In Mob 

oaae, control 11 aocomplioher: by VU7-
1ng the aprina load. 'lbe eleva tot" I 
are controlled aimilarly, except that 
aeparate tabe are provided l01· control 
u4 tria, !nfli&ht, IIOV81D8-'1t of &nJ 
ot the oontrole aotuatee th-J a;;;p:-ina 
control taba tor that sys tau in an op­
poBite direation to the intanc1ed -.ave­
Milt of the aurtaoea. 

With no airloe.d on the sm':fe.o,, 
moveaent of the aantrole tr.Ju ~. 
tllabt compartment vill movr~ ·Jle ain 
aurtaaea only until tb~t 1urfaoG maetl 
ita atop. Further movement oi' the oon­
trola vill then detleot the tab in an 
oppoaite direotian to toe II!.&. ~L .surfaoe 
ap.wt the apring load 1n ~' tab. 



Doors ar.d ,;<;xits 

?.1e main car~o door is on the left 
side of the fusela~e aft of the win~ 
and provides an openin~ 124 inches wide 
'h,, 7P inc~l'3S ~1i~h. ThP- door is divided 
i:-:to t~ro sections. The fol"'1·rard section 
ope~s oub<:trd ( rn.ssen ~er entrance) and 
swi'1?S fo'..rard. This section may be 
used independently of t:1e aft section. 
':'he aft section is hydrn.ulicall" o:rer-
2ted fron the ernerf:ency hydraulic s~rs­
ten and o,ens up~-m.rd. T!1is :1ft door 
opPns to a maxirnun of 172 de~rees. A 
hold-o?Sn rod is provided for support 
w!le~~ the door is opened to its normal 
;')Osition of 105 de~rees. The pnsser.ger 
er.tr~:mce door ma,r be .iettisoned hy un­
loc l·i:1"' and pullinP, the hi.."'l_ge pins. 
7.-:e aft section cannot he raised ur.til 
t~v~ fol"'1mrd sectiori 'is latched in the 
open position or is jettisoned • . 

?he forward cargo door is also on 
the left side of the fuselage but for­
ward of the propellers. It is opened 

fMtRG[NCY fXITS 

n::I;}}:;;:~ IXl1 IN NGHY 

Section 1 

upward by the emergency hydraulic sys­
tem. 'Ibis opening is 91 inches wide b7 
67 inches high. 

The crew entrance door, which is 30 
inches wide by 61 inches high, opens 
outward and fonrard. It is on the right 
side or the fuselage forward or the pro­
pellers. 

The lower cargo doors open outward 
C~..'ld down, providin~ .m openbg of 37 x 
51 inches. These doors are located on 
t:1e right side, one forward or the 
leading edge of the wing and the other 
aft near the trailing edge. Rubber 
~ungees are used to assist in opening 
and closin~ the doors. Safety latches 
are installed to permit restricted open­
L'lg of the doors for eradual depressur­
ization in the vent or pricary latch 
failure. Hatches are installed in the 
main cabin floor to provide intemal 
access to the lower compartments. 

IXR ON GIOUND ONLY 
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Five emergency exits, all opening 
outward, are provided. Two.hatches are 
located on the left side and three on 
the right side of the main cabin. Each 
hatch has e standard cabin window. The 
lover part of each exit contains the 
release handle and is operable from both 
the inside and outside of the airplane. 
Ditching ropes are installed over the 
five emergency exits and over the crew 
and passenger entrance doors. 

ground Locks 

Main and nose gear ground locks 
should be installed after landing and 
should remain installed while the air­
plane is on the ground. 

Gust :,.em 

1he surface controls are locked 
from the cockpit in a neutral position, 
as follows& 

1. Place all flight. :!ontr0ls in the 
neutral position. 

2. Lift the gust lock lever, on the 
floor inboard of the pilot Is seat, 
to a vertl~al position. 

E.auipment 

A 20 man life raft for the craw 

SectS.Oil l 

( atandard cargo aircraft) ia atovecl 
inside the cabin on the lett aide ~uat 
forward of the forward cargo door. CG 
pasaenger, troop or litter airoratt, 
in addition to the lite raft for the 
crew, four 20 man life rafta are atoved 
on the left side just torw.rd ot the 
rear cabin door. 

Five hand fire extinguishers are 
located aa follows: one by the navi­
gator's station1 one on the lett aide 
of the crew com~rtment aft of the 
radio rack, one forward of the rear 
cargo door, one in the rear at the 
cabin on the right side, end ane CD 

the forward bulkhead above the arev 
bunks. 

Standard AF tie~ own fi ttinga, ar­
ranged in a 20 inch grid pattern, are 
installed in the cabin tloor. 

The crew's toilet is located in 
the forward cabin on the right aide, 
aft of the navigator's station •. Addi­
tional toilet facilities are provided 
for other configurations in the SE­
treme rear of the main cabin. 

There are two folding bunka for­
ward, on the right aide, for arev ~~tsm­
bers and a portable bulkhead is in­
stalled aft of the bunk. 

_:z > 
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::- -ll8 Section 1 

Chapt• r 2 

OXYGEN SYSTEM 

Description 

A low pressure, diluter demand oxy­
gen system; filled to 400 + 25 -0 PSI, 
is provided for the flight crew. The 
system is serviced through a filler 
neck inside of the main cabin just for­
ward of the passenger entrance door. 
T~ree portable oxygen cylinders are in­
stalled in the cabin of the aircraft, 
to supplement the fixed system or to 
provide oxygen at locations other than 
the established crew positions. Three 
recharger fittings nre installed in the 
flight compartment for recharging the 
portable cylinders. 

Two supply ~ylinders are installed 
in the wing cpnter section between the 
front and center spars. The D-2 cylin­
der on the left side is for the ex­
clusive use of the pilot. The G-1 

I 
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cylinder on the right side ia for the 
use of the copilot, navigator and 
flight mechanic. 

A diluter demand regulator and 
flow meter assembly is installed at 
the pilot, copilot and flight~­
chanic positions. One additional 
assembly is installed above the crew 
entrance door for the navigator. 

Litter Patient Portable Oxygen Cylinders 

When the aircraft is used to trans­
port litter patients, a rack contalni~ 
six portable high pressure o~vgen cyl­
inders is installed on the right side 
1:1 the rear of the main· cabin. Each 
of these cylinders is secured in the 
r3ck with a quick d~tachahle strap 
ilssembly. The ra,:k 1s s~cured to the 
fuselage floor by i:b ing four cargo 
tie-down fitting~ and adjustable strap 
assemblies. 
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GXYGEN L:TSr.A'~'ION, HOURS (UNPRESSURIZED) 
CREW MEMBER(PlLOT) 

JNE TYFE D-2 CYLINDER 

GAGE PRESSURE (PSI) 
ALTITUDE 

(FEET) 

25,000 

400 

1.0 
.7 

1.1 
20, 000 . ; ' '.6 

15,000 

10,000 

350 

.8 

.6 

300 

.7 

.s 

250 1 200 

.3 
•. ~3 

PLAIN FIGURES-INDICATE DILUTER :~~D USAGE 
IIJ&DID ncrtml3·-INDICATE 100% OXYGEN USAGE 

150 

.28 
··~~.: 

OXYG.rl1 DURATION, HOURS (UNPRESSURIZED) 
CRnl MEMBER (OTHER THAN PU.OT) 

BASED ON FOUR CREW MEMBERS, ONE TYPE G-1 

ALTITUDE 
(FEET) 

25,000 

20,000 

15,000 

10,000 

GAGE PRESSURE (PSI) 

400 350 300 

1.0 .8 .7 
' 

,,.& .. 68 . .57 

1.1 .93 .79 
.6 .~ .4) 

1.4 1.2 1.0 

·' •• .35 

1.9 1.6 1.3 
.4 .• 34 .28 

250 200 

.5 .4 

.45 .)4 

.62 .47 

.34 .., 
I .8 .6 

.28 .n 
1.1 .8 

.22 .17 

PLAIN FIGURES-INDICATE DlLUTER DEXAN.D USAGE 
SIUIJIIl riQDBIS-INDICATE 100% OXYGEli USAGE 

150 

.28 

.22 

.31 

.17 

·4 
.1.4 

.54 

.u 
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100 Below 100 

JMERQDICY. 

100 Below lCv I 
.. ' 

I .14 
.u 
.15 

IH!ROniCY I • 
.os Des..1end t.; ' • 

.Ut1tud.e nc.t ~ 
.2 ~~Uiring 
.07 011g•n 
.27 
.05 

. -7 

I 
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dar pressur~ +c 8. spray man:i.fold ~.: 

each carbur~tor f"r t..~e oJ..lli.ina :.:.:..~. '-. 
ice in the carburetor in:ake t"Lrc:>., '·. 
It is supplied from the J 6 £" 1 j cr • ·' · 
located in the right wing fHJ At Hnd 1'1 
routed through a pump, fil t,.,;, . 
solenoid shutoff va).ve tc ;;;><_c\ 
tor. The system .is cor.trol:ia·i '·. 
a pring -lceded s'oii tch es m1 t .:·:;• t.. _,_ 

cvntrol panel. The alcoh.<. ,,.:, . ,_ ·' v 
system pump is energizee. 
responding shutoff valv"3 ) ' 
when any one of the oar:-, 
switches are clost..-..~ .. 
minutes. con t:tnuo"..J..« :'1 ~--

1-8 

Section 1 

,,~ ,;_,. u~,ors is availAble from 16 gal­
ur8vided alcohol is not used tor 
~·~Fhield de-icing aystea. 

Windshield Alcohol De-Icing 

'I' '" ex-eerier of the windshield 11 
'~""d from the aa.me system as the 

·:-dcr;:~, =:t has its ow ON - OFF 
·_ ~h opera t<;s the pump and a 

. : .... :.Jhutoff valve. A metaring 
·,,_.~··'G :.5 lccated to the right Of the 

: .... 

·': .:t to control the flow. When the 
• ..• 6 :-al ve is in the full open po­
.,J a supply of 16 gallons will 
, .. ; <J~ · "'""-~-~ ;~a ly JJ3 minutes, provid­

-lco:1ol is used for the carbure­
:.-: in g ay stem. 

• 
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l SolflfloiJ Shwtulf Valve 
2 Flwid Li•• 
J Carl>w111or Atr!Jruup 
4 }IllS 

J Flllflr 
6 CurbMrfiiCJr 

7 Wi•dahi<'lri S/"''V T"bes 

Sectlon 1 
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8 Wi•dshudd Alcohol C0111rol K11ob 
Q Wo•d!Jhi11ld Alcohol D•·lcrr Swilclo 

10 Sr~pp/y Tad 
11 p,..,, 
12 Dedci•K f'/,.,tf (!...,•ltly l••lictJiot 
ll Carbr~r<'lnr A lrnhol Dt'·lrrr Swilchrs 
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throughout the length of tne wings. 
It consists of both inte£ra~ com·· 
partments and bladder type fuel ~n 1 · .. 
The integral tanKs aro buGt into tl.e 
wings between the center &nd frnrYt 
Jpars. The cells are arranged be-· 
-:.ween t~e main and rear spars and also 
1ift of the rear spar. Ther£O 1:1r<: ' ; , 

integral compartments and twen"Ly· · -,~: 
cells arranged and intercoiL"rlectPd ~·n 

as to form a total of ei~J,, to.,._;,~,. 

These are identified as fr ,,, l!lt-:>in .c;;;., 

four alternate tanks, or '· : "~~n ··:.~:..: 
alternate tank for each •·: ''>f~. The 
following table showr \: 
fuel capacities of thtl v•· 

Se rvi6..:. ....-. .;."' •"""""'" 
Gal. Ilseahle: 

I~ 
. 

;.~_:;··c ~~s.L~.rui 

Nos. 1 and 4 Mair. ?V .) '.j : 

Nos. 2 anrl 3 Main "T"')'"' I. 
u·1~ ~ ....... ~v 

Nos. 1 and 4 Al rr: 
na:.u 431.0 lC<,.: 

Nos. 2 and 3 Alt~r-
nate ___I!Ll_ 15?,.~ . 

Total ~2 ~)o· 
~~-

The Nos. 1 and 4 .-...n !. ;i t.9.n.:c:, ., " 
large integral cor:tAlr·~.7:u..:n 1~~,. Tt.f-' ~'L-.·.~ .. 
2 and 3 main tanks canEJist <Jf' Gne· 
integrc.l compartment and three oe • .L::>. 

Tl-.e Nos . 1 and /+ al terl'lli te ttmks 00n ·· 

sist of one integral ccmp:l ~tu:..Jnt <'·'·"·' 
two cells. The Nos. 2 and J 0 l•er·1~1~ 

tanks are made up entireJy of c,.;_J,., 
six to each tank. 

There are four main selector 
v&lves which control th~ flow of fuel 
to the individual engines and \J~Lc!. 

select either the main or alternate 
t&nks of the respective engines. 
These valves are of the three-positic:i 
type and are controlled by leve:-,,, en~' 

l-10 

Section 1 

..... ~co~ \'fL.ve. Tney tire located on 
cllc _c;.:'t fon/ard face of the control 
r.-.,-j, ..... 1 ~il find ar;:; marked with the fol­
· .... ~lri i.:u:;;it.ions; "f'.ain On" (forward 
,.,.,;' '-·~·, green band), "Alternate On" 
• eRn·:· .... : t ·: ')"' 0 '"ed band) "OFF" ,:' •I II.. J #- .• ''-' J ..o. J 

., • , ;~~<'6 it 10n, white band) • Selector 
'"-':·!~: ~;unlru:Ec d-,cu.lc be ir• the "OFF" 

·.-- 'Jhe•·; .. ·;n:· "-'-;e engines are in-

~AIN AND ALTUNAU FUifL TANK 
SUICTOR VALVE LEVERS 

"9.11'.; ON 

t 

I 

1 A,., .• ,,ar. tank supplyins 
:~·· ?~Ti'lv~ en~tnc) 

V (Both main and altrrna1e ranka 
"l~· .: •'cL 

.·:,oa!l-f.aed v•ilves &re p2.aced at 
t\.1< point.s ln the crc.s3-feed system. 
::" are j r.:;tal.ird in the fuel supply 

· "IJ -Jn :.:w engine •-;ide of the fuel 
· ':~'c';: .. ~r· valVP, }J:':viding a link 

.. •.. ·' A.l.~.. LH.I1Ks ,,;Jd er..gines. Two 
.. ~ .· -:'ePd ·:alve cor.tral levers (which 

..:·: .. :~.~.. ~ht; three .. position cross-f'eed 
P: ' '- rA looa ted c·n the control 

.. ~;:.u.l t.:; t.he rigL<, d' the tank ae-
·+ , .. leV"''~:. T::eiz· ;,;csitions area 

t 
i 

t ~'·' ). 

un CROSS-PEED LEVER 

<. E.l,,,.,, · • .,_; 1\io. 2 h<-•n11 auppli~ 
i".>n1 )liOic 1\ir v.tnt( fuel cank) 

;..: d,. "-. hu:i honl a·illhr lick of •lrcrah 
., .• ,lohlr to ldt <nlllllCI when ri11h1 

u·o;.~·kf'J k\'t'f •• 10 ••me powaiun) 

., 
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f piu:J i·n,l~' '.tl!fl":' . ·,.: •. ; -r .. 

+ 
All ENG. TO i\fwkn tu~~ (r'"" HI .,,_·, 

CROSS-FEED a.au•bit· ,.. ro~l" "'"'". , • 
!fOU·ftr_t lt:u·~ U ir· '""'!1-:. ' 

pumps are us1 .l +, 
ine driven Jtt::::· 3 

driven pwnr, J; .. < • 

the cav1~at: .. ~ . ~· 

One boos"~-"''' ;: 1:D' ~" 1, '"' . , .•. 
• the bottom r··· v.:r >~;li;. 

-,• ., 

an integral ·.;:,,·s~::~ c 1' :·sr:t; 

Section 1 

~~ec~~~o~l motor. 
···~ ':'.side the tank 
-~~e~ged. All 

,, '"'·J~: p~ps are of the 
·' .• ,,.. the pump motor lo-
• : ·• ~" -r ... nk. 

, ·',r'.•:L:1.y driven fuel boost-
.. J:., '•~' c:. 1::--ol.led by individual 

~~ !,,..._,. ,.,, '-.0n switcrws, grouped on the 
,.,: panel in the cockpit, 

' :'1 -HF:'i, :'he pump 
' -~ in .~..c:"· :>peed boost 
·: ; 11_;', ~ •·nst is pro-

'I.rv;:i L·•: :-·.1~ ~c.:- u;;,o in the event of 
, . ..,.,"'~' --1.~·v6:. r:•l:<f f•.:.illlrt1, It is rec­
·:.Brrl£;,; : ,·. • .• ~l.J>t::: be sta.rtt:d with 

~·, """j' 
~· ' 'l 

; :;:,ros ; ·: ~ .''.J boost except 
.~ c c.1 wea the:. 

• .ret~:• tl't:S with boos U~!' pumps 



A wa.rni.r!f' l.:..!i,;, ~ >:' ·' '1:-7 ., ' ··r~" ·'. "" 

time the fuel p:reet'•'-'~ r\.t:r.• r.~J.ow 
lBtl/2 PSI. 

A recomwended use of fuel booster 
pumps in low bou~t are1 

- 1. 
~ 2. 

.3. 

- 4. 

;. 

6. 

7. 
-=:: 8. 

For engine start. 
For take-off. 
During climb after reaching 
10,000 f'eet to cruising e.lt1-
tude. 
When selecting a new fue3. aup., 
Pl1• 
For 1-l/2 hours on -;;,ne selected 
fuel tanka aftex- ,.,,.~<,1-:d.ng 

cruise altitude, 
Arry time the fu~ ~- T:t'eeaure drop~ 
below 22 psi or f ·~~~~ 

For oil diluti~. 
Landing 

Each tank syetem r.·~" a manuall;y 
operated tank ehut ... c;t' and drain vu1ve. 
Each valve is aooet.H'! ible through a.:u 
access door in the under aide or the 
wing. When the valve handle h tn acy 
position other thar. 11 TANK TO SYS'fl!M", a 
curved rod, which is linked to the 
handle 1 protrudes through the e.coess 
door opening to preven't. cl0eing d' ~. ~. 
door. Thia safety devi.oe h desigH<ed 
to prevent take-off with a shut-off 
valve in the "TANK OFF" position. 

Thermtl Relief Yalye 

A thermal expansion relief valve, 
preset to open at 65 to 85 p;Ji, is in­
stalled in the left arou•feed valv·e 
j u.notion to relieve the tht~l1111'il expan­
sion ot fuel in the croae-feed system. 

fuol Strainus 

Four fuel a trainers 1 or.e mounted 
in the lower aft section of each M­

oelle, trap sed tment and Wli ter tn the 
fuel oomins from the tanks. Thr· 

l-1.2 

StJot10D 1 

· t' ~,.' ~·)$~. t . ~~tt.i:.r-:':, tt'i1J..j to re­
., .. :1y >..00c.Jt:.:~ ... '<"c \,:;.t"l. ?o~r1ocU­

na~U~; the fl~! '.'.L~:tl tl..f~ Z"~ed &D4 
~ 1.?-~.!'f!d of ettld l.lu.ent aoc~ticn. 

~:..ttiDUl. ;;?b.~:Qtt iAU" C&avgepqx) 

A fL<i : smergen01 ahutott valve il 
J ~.oa ted l.l. the fuel supplf line &D1 on 
' .f• F.rt 1!1de of the firewall in eaoh 
li'" nelle. !te purpose ils to shut ott 
• ~- ... ·~·<:.'- ·~~~ f,1e:: +,c the &JI«ine in &ll 

"·''~"'' G"'Y •. :.: • ~rhe emergi:':noy ahu.tot! val­
>:t~t a:-e oa.ble operated 'try tour fire 
6xtinguiaher selector valve haDdl~s. 
These handles are located at the top 
of the main instrument pe.n.iil~ below tbe 
glare- ~hield. The valves a.r~ closed 
'h•r '/~·.:.Ung the rMpective bandl.a. 

A ;::: ........ t~ve diepl&oement vane type 
f:wl pump driven by each engine 1a 
,-...,tJd tu ~amp 1\.:.el f;:om the tanks to 
r ,.., er;;,;.7tne~. F.aoh pump haa an adjust-
able , ... e.~' vv..;.;;e -.(.! n;g.tiate fuel 
pres~~• and u bypass valve to per.mit 
t'u.el. •mder preseu.re from the electric 
bco.5 '-a!' pump, to flow through the puap. 
Since oa.vitaticr_ is pouible under oer­
t.t;.~:: ccr.diticns, s:...~lh aa decreased Pial> 
. ::'.e·t r..reee:.u-a ( inorea.~:~ed. altitude) or 
hig:· . .:'ael tempera. t .:Tes, :. t :tJA1' beoOIU 
necessary to asaiat tha engine pumps 
l;J ~se of the elec\,rioally driven 
tc.;:·~·:,t:.:- ";mmpa. 

'.Japo;;· vent rf:St;.uon line1 r~re con-
n ... ut~ci Lo eo.oh 8l:litAe oarburetor. The 
./.;.or vent lines from the No. l and lo. 
2 carburetors are routed back to No. 2 
t!lfJ 5.z:. fuel t.anlq tl16 vapor vent linea 
f: .Jrt tit). :3 and No. 4 o'lrburetor• are 
routed baok to No, 3 JM,in tank. The 
return !low 1o1il.i. normal.11 ba leaa than 
2 ga.a·-J'; i": eng!.ne p•r hour. It 1a 
poesl.bie to obtal.n a l!Qa:dm•rm flow ot 2() 
t-. ~. • ;:,·~.11-:)na pt~.tr fflngine ptr hour,. be-
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·,rent floot t>:.l;.;i\.1it• ., .. 

the fuel level of the tk .. ,: and ~..;. 

main fuel tln.ks etwi..W.d lib cheo1-c;;;d ;.,e;·­
iod ically to avo:l d oV6J-:t Ultng. 

Thermal Ex\~neiop 

Aside from the prev1uusly mtm· 
tioned thermal relief valve in the 
cross-feed system, a11 ft1el d<HG'·· 
valves installed in 'l-ile i'<wl ;.;:u' ~ 

tem have a thermal expa.ns ion bl'-:.,.,d, ' 
corporated in the valve. 

All fuel tanks 8!'(• . ' ';. • '-,,. 

atmosphere through a y;;,, 

which prevents fuel f't;:,;., , ; -~ ' · ' 
board as a result of tf)WtH;:l.i.:ve m.trge. 
Soma of these vent r .'t·:~ , __ .- r.:;,pr;-U;~ tu:~; 

contained inside ·r;r, ••. '"·!";_ ~,!'cl-'er 1 -.c ~ ... 8 

others are outsic1f· :.•~'' • .. f\ 'l". Thfc v•>nt 
compartments are pa:·t lt in"H~d hcl!' iz.or: · 
tal1'U' With a ••r,¥,T .,,,_., l""""'ing <n+·• tO.,r 

~ i'-·.:. .. '"' .._ t(•/ ~,... -'··'·'· •. ,_,.,.;. 

lower portion frQm the t~nk area and 
another vent line exterrling from the 
upper portion of the outs ide F.t tllloaphere. 
A hinged flapper valve in the vent com­
partment partition swings open under 
normal conditions for vent,1n.g and c:,.:-~~~~-:~ 

aJ.tomatically to pr"'V!';,:: },~3.kH~;t~ J"• >"· 

s~ge oorrlitions, 

If the internal pre:osure of a Llt:-. 
tank should increase abnorma.lly, :."'''" 
pressure will be limited to 2,5 p::.l, 
which is the opening et.atic pressw·o (. 
a weight loaded relief valve. W'nen U.r, 
relief valve opens, it allows exoese 
pressure to enter the upper portinn ,.,_,. 
the vent tank and exh.ailll L .::;verboa.·d. 
However, in a sharp turn, the same cr·:-:·· 
t:-ifugal action that forces t.he f'uel J ;, 

an outboard direction, increases ~h~ 
downward force of the weights on the 
relief valve, thereby making it un­
likely that the relief valve will f:!';tJ: 

open under suoh circumstances. 
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,l ~~;.r ,,de. e.ru6T~gt:~·~~'"' J~ttiaoning 

·~ f:~~ht to decrease the air­
i ·, ;· ·:;c; Wf:1ght. Each Xllfl1n arrl 

1 ~ . .,c. ·"' tank is fhted with a sump 
vrclT<: &tllr.,~ptpe Ls i.r,stalled in 

.u.s~:" t?.7\~: _ _~, tLh t ·.;:-Jen all pose i-
, , ,:_c:!_ ~;1 .. -~-· ••·· ~-1 ~nyf'l ."light, 

'"' · ' ·~:omn. ir. in the 

~3 J. ! 'l d .L'D:tJi)j 

- ~-- ,~~j :~.-1 -:h~l te 

') ~ - o,j_ "try 
• -> lc-···: "" 

-,~ ·~:1i<,·:;·45min-

,, 

:· c.·:.: :·<·wer 1 or 
; ·. t · < pc41er. 

'
0 :'l · : _-; fr·::Jm a:-. ex-

· f eaoh r.a-

.· . ·, c: r' _gg-EJc. .;-ontrol 
_.,;";&" .. ·: ·he .!'.lear plate, 

-
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sition exteruis the dump chute s.n~ 
opens the t\Jo dumr valves in · ntJ F"'r­
ation. Ai'ter t,f:e d:JJnpLw (•r·f'rB t 1- r~ 

is completed, n:wve thr: handlE t.r ' 1
• 

DRAIN position Find 11llow fiv•.' m~r::.t• s 
for residual fuel tc drnin. ,t;,,:_ 
tract the chute by returnin[ •;_,.. .. ~J'­
to the CLO~:f.D pcsi+ ion. 

The maximlllll SJ=-E't·d ;1 t .;i, i · . : .. 1:; 
be cumped is lE • ·,__ L, u: L;..:i: :;b 

gear and flaps rr·: ':, c c: U1- C: .d :; '·< -~ .. _ ;· 
ing operations. ;;. :u.1l dui:r.piq:; ;·a. L ~ ·· 

456 gallons per . , . : ~ e . 

Fuel System 

Various tnnl- to <'ngint: G-::wi:'""Li"::~. 
of fuel feedi:-~ c •• y '(- oLt<.l!ti ry .t:·-

~;ection J. 

1 ,.-,-

... ~ t "' ,_;;j c,t::-·:. ~6 1Ch enL ... n!S ur1 bctn 
··;,~~ ~'}.·~, .... -, r!!Y3 1 '.:ternate tanks. For nor·­

U;.,l ,,r•.::··,ticr:, t~1ke:-:ff is made wtth fuP:. 
•' ; l,pf i'r ~ the m.u in t.r-!rJ\s to ttf· re~;~ect~ 

-.. engines. When H tru.nsf'er is !llidt 

nl'"' t.r,nk to a•wttier 1 tu:-n t.he t,•x:::!-· 
--.~.: i'--~r:\ 1 ., .. , t~,e ns·...J .SJ~Irce ~c.~ LOW. 

'I. Lt.voi ,. 

;,rf .s<d tc di-
Jest!-

.. n~ ·"<·.,·~ L~-· rj··· ;j_:'f::~i :,y ;c .. 
---- ~ .. .,-;\j:·.d lt:..~l" . .tes for 

MAIN ON 

\. -,. -r: .. a~ ~\7t "~ 
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ThP -~ }-~j ¥~. '1• !f..;" 

pLi.J~d from N -. ; In." i r: ·'. 
heater is '1\J'F'· :: ;i .vc.d 

trrnk. A cres~,,-tt=?eii ~~rr.::1~_.f~'me,·-r nt~k' 

tt possib]e to C'f~'~r~t~~ ~i 1 ~e.:i:. 
from either tan.k, 11v:n.;: _ .. ,., 
cross-feed system is contrd Je.:: 
t;-ically hy a t0t:t:-' e ;;'..il: · .. 
heater control panel. 

The heater ft .. :=~ d:r--.~- .. ,J 

V'ci.l ve s are IllBnu.::' ly :;; · rn t; .: .. 
selenoid-·op<:r• 'c~d f•.-c} 

operat"' si.multaneoasly 
i'e1el pump. 

~rw 
SHUTOFF VAlVE 
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ltO!o!T ~-"'INN 
ANTI-!Ctl'lla· HU.l'Wt 

f 
I 

'~:, ~-"-k;.1 ~:~.f 

q .. \-' ft.!<Y!ri~ 

;_."\ 

------ ioif,t.,'r!' .tt(:C,at t'*~:~' 
. .,.·•.!N~· j~t-,j 

·run 10 HU'" 
·r. '''L~~ 

~ _JI' ~ f\ •. ,.fl:;t. 

~>Atu 1"\Jii! ...,~ 

-'/(~ ', .J 

NO. -""~_..--~ ~ . ....., 

<, ·<· C.~.l..'."< •,t;\;;<:J 

' J P\J<l!i. ";p.!# 

:c-·,..~ •. ~-1\..., 
> f'M/ Hi.l-~.Y~ 

.~. ·,_-.._11 
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fiRE EXliNGUISHER SH ECTOR VAt VE HANDlE POSITIONS - T ~pical 
POSITION I POSITION 2 POiniON 3 POSITION 4 

FULL IN PULL IN CLOSIS CO, 
VALYI IP CO, WAS 
HOT D!StHAIGID, 
AU.OWINO All USf 
TO IIACH Wie~A1'01 
AND INGI.. DYNA· 
~U.MOUNB. 
AND OPINI AU. l'f,:IIID 
IHUTMII YA&.YII AI 
fiiiiW.f,J.I, 

AUTOMATIC CLOIINO 
OF COt VALVIS ONlY 
If COt HA5 IIIN 
DISCH~. 

MANUAL IITUIN TO 
SNING STOf' !'OSITION 
PAITIAUY OPINS OIL 
SHUTOPP VALVI IUT 
DOIS NOT CLOSI CO, 
VALVIS IP COt WAS 
NOT OISCHAIQIO. 

FULL OUT CLOSI5 Al4 1'\UID SHUTOff VALVIS 
AT fiii!WALL, Of'!NS co, VALVES, AND SHUTS 
OFF AIIILA5T TO GINIIATOIS AND TO IM-
GINI DYNAFOCAL LOIO MOUNTS. 

M~in Fire Extingu1Jner Selector 
Valve Handles 

Eight fire extinguiaher selec­
tor V!• ~ ,. _j handles are mounted in a 
row on the main fire control panel 
immediately below tht:J glareahield, . 
The handles are identified from left 
to right, starting inboard of the 
left C02 discharge handle, as follows& 
FWD BAG, HYD ACC COMPT, engines 1, 2, 
3 , 4, HEATER COMP'r, and AFT BAG • Each 
handle selects the area for C02 dis­
charge but does not discharge C02. 
The engine selector valve handles al­
so operate the emergency shutoff val­
vee at the firewall. 

Main Fire Extingulsher C02 
Q1icharge Controls 

Two C02 discharge handles, one 
for each bank of C02, are.mounted on 
the outboard ends of the main fire 
control panel and are identified as 

1 -1 R 

follows! LH CYL and RH ~1r.L. 

Hain Fire Extinguishin& System 
Indigators 

Dual warning lighte, mounted 1n 
each fire e~tingu1sh1ng selector valve 
handle and C02 discharge handle are 
illuminated by action of thermal tira 
detectors installed in the orit1oal 
areas or by actuation of the reapsc~ 
tive fire detection te1t .vitohea. 
Dual lights are installed to insure 
indication in the event of failure 
of either bulb. Thermocouple-type 
fire detectors are mounted 1n each -
nacelle area, forward and aft of the 
firewall, and thermal awitoh fire de­
tector• are located in the lower tu.ee­
lage oompartmenta. If a tire ia detec­
ted in an area protected by 002, the 
light on the appropriate seleotor val­
ve handle and the lighta on both C02, 
discharge handles will illuminate. In 
the event of a fire Wflrning in Zone ! 

-
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of a nacelle, Glib ligE t. on the ; u~.­
pective selector valve control LRr.-.:-­
le will illuminate, but the ligLts 
on the discharge handles will not 
illuminate, since no C02 discharge 
is provided for Zone I. 

Each nacelle is divided intc, 
three zones: Zone I, the power 
zoneJ Zone II, thfl engine accoss,.:­
ies sections; and Zone III, the 
area aft of the firewall. Zone L 
has fire detectors only, while Zone~ 
II and III have both fire detectors 
and C02 protActic~, 

;,oitlL:...LL:;~ :. ,_.,_,t~l IL.Ai~1 :·~rc: 

tin,;·,~l 'lar ;Janel. '~f1:11i:Jt~ lir.r!1·t3, 8~ 

tegir~H~.ly located fire ae~,Gctors ··<~ 

actuBte fire WRrning lights on the 
heater control panel. A dual red 
wArning light, on the heater fire 
control panel and on the auxiliary 
, ,:;wer unit panel, will both illumin­
ate to indicate a fire warning from 
the c.~·pu. 

rire detector test :l1.11tches, 
mounted en the heater fire control 
panel, p:-ovide u Tc.,lina of t.;;sting 
the d.etoctor circui"'.:o. 

HEATER FIRE 

CONTROl PANEl 



' ·~,!. 

Windshield and Badome Anti-Icing 

Hot air supplied to the vindshield 
from the cabin heater is routed up the 
center post of the windshield and for­
ced betveen the inner and outer vind­
shield panes. The air ia exhausted to 
the curved corner vindovs through the 
corner posts of the vindahield. It 1a 
then exhausted either into the flight 
compartment or beneath the floor by 
the vindshield exhaust valv<~a on each 
side of the cockpit. 

In addition to supplying heat for 
anti-icing, this syst8111 ale- •mpplies 
the necessary heat to •:Lr·~ i l',ti 

vinyl layer of the v~sh!<'lu in a 
sufficiently plastic atA:te to retain 
its impact-resistance. '!1.r·y 1 bec011111 
soft vhen too varm and h~:l.ttle when 
too cold. The desired t0~rarature 
range is 80° F to 120° .F'. 

Controls. The control awitch on the 
heater fire control panel is ~ked 
OFF ABOVE 100, DEFOG 10° to 0 , 00 
to -40° and ANTI-ICING & RAOOME. The 
temperature selections are in degrees 
centigrade and the svitch should be 
positioned to correspond to the out­
side air temperature. 

In the 10° to 0° position, heated 
air is supplied from the cabin super­
chargers only, In the 0° to -40° pol­
ition, heated air from the cabin heat­
er is supplied providina the cabin 
heater master switch 1a ON. In the 
anti-icing position, the anti-icing 
control valve opens tully and the mix­
ed air duct damper in the cabin mix­
ing valve creates a baok pressure to 
ir.crease the cabin heater air flow 
to the vindshield. 

Hadome anti-icini is controlled by 
the Radome anti-icing switbh on the 
heater control panel. This svitch con-
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Lrola a. eoltJr::::L, shut"'':.r v,;lva ir .. ·L.h·~ 
wir.dshield ar:t."t"~.~ing duct whioh can 
direct heated air through duota to the 
ftherglass :::'08~. :'his Bhutcff valve 
is loca:t: · tn the nos A wheel vell. 
Placing t.L ::ontrol awi toh to RAOOME 
h)i <'I-ICLJ(l opens c,he Yalve and allova 
~.ea 'coli. air to be dillt:-ibut.ed thro'\lih 
the fi'bat•JiJ.a aR r.ou 

Wlnchhleld Heat Selector lwltch 

Syrtagt Anti-Iging Syattm 

The leading t!dga of tha ving and 
stabilizers are kep-~. ict. free by th.r'M 
combustion heat,t.rs. 'lhase haate.re re­
ceive their normal fuel supply frv:::. 
No. 3 main fuel tank or th.eir f!ll;.erg~>n­
oy fuel supply from No. ;: uin ~~ ... el 
tank. The normal tuel .:!Cl!1.8umption .Jf 
each heater is approximately 3 to 5 
gallons per hour. The. syat&l:.;. i11 con­
trolled by a group of sv1 to hen on the 
hea.ter control pa.JM~l. In flight tr.e 
heaters receive ventilll.tir.g :'!.!1d ccJ:4·· 
bustion air from t.ht> airsooops. During 
ground op~c:tions the "ri:;g '''31!~13.rs l'l.re 
supplied vit.h ram air fc.r· ven:.ilati.on 
from No. 2 and No, 4 propeller blasts 
and combustion air from the ground 
blowers. In the tail anti-icing sys­
tems both ventO.at'c••~; and <:!ombu."!tion 

-
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~ound operation. Wired through tha 
left landing gear strut switch, the 
~roWld blowers are automaticallv in 
operation whenever the alrfoil ds­
icer switch ia ON e_nd the weight :.:. · 
the airplane is on the landing gear. 

A group of cycling and overheat 
thermoswitches in the heater air 
duote regulates the temperature of 
the air leaving the heaters to a 
III&Ximum temperature of 219°C. Theel;; 
temperature• are indicated on tha 
heater oontrol panel temperature 
gages. 

Control.a A single ON - OFF e\lit.:• 
oontrola the anti-icing heaters an~ 
is mounted adjacent to the cabin t.se.,. 
awitoh on the heater control paneL ~~ 
~g bar ia aounted above both switch­
es for simultaneously shutting OFF 
both ayet.... Adjacent to these 

' \ 

\ 
\ 

.. ~--

\ 

\ 

ilw~LC:Iit:li'l a.;· a VJgg;_r, .owit.::heu fc·r "f •.. 

ting either dual or single ign:tio:: a:.·. 
Nc. } ·Jr No, .' fu8l systems. Sac!. ~? -
::1:' l::, ~~- '· ;·, d1 ·.y::tam i9 ir.depende:1t 
r.;l( 1 ~- 1 -~.. >~. ... ·-.,. · t. ..... z; he&t8rfi in th~. ::~-

/~:r! ~ i-~ ~LL :.y ',ip•.:-..;: d tion or fail'..l!"c ~: ~-

_,,_-; -'<> .. , :f' c:crt.;c· .. ~. A ha.atc.r fuel r:;,;,• 
·,-~·(r'J ::-;,/itc::1- ::0~";J~~eG s.t tha extra.me ..,.::~·~ 

•; · t.':e ';;~ 1. -~-· -· 1.1·:.rcl pL1el oj:eratuJ 
··_;_,, h'Jliti3l' c',:sl. --::r-osa-feed valw:.. 

i'!'le :-:e.· '·1 ·:fJS.:.br ie locc.taJ • · 
~~!.-~-~1 t,f;.: ·, ..... :>~ ~j ~ :::rifJ ccmpartn:o:: t. ·-~&; 

;,1 p••,_ d. ·~·c .. i sp.:.'E.yLng fuel L1tc• _;.,. 
· >'!lh:•H .. '''n !i.L•· l'iT<.l igniting tr·,s f:i: .. 

·1,:' t:liJ."tt;1·-~. ~ ii ~;:--··tr:.buatio~ e..i:· ::~~. 

:'c;me f~~;:n e:lthd.:' l•b ~inz co~·.l:,·:~ ... ,-~. 
.'·.:...'(' •nt<~.ke, locat;,,: ,m tho lsacl1ng 
t: . .'gt . .,,f the fuaelug<-, or fr0m tht1 
g'''''l·ll'.l ' o'-H3I'. ':'ho C.>!llb:.l.JtL.;~. r:..~- L\ 

:_,.,lH.i-: at. -in.,: "'\..~ ... :.:; : ! ::~. c'. 1 r.:·:g·~-t, c!' ~ 
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-~ haruLFT tea tlng ~rli:l ~'tl:1 U. '"" Li.ti~ air .:.tJ 

it passes through the outer ohuilicx· of 
t.ha heater. 

The ON - OFF cabin heater muter 
control switch is mounted adjacent to 
the heater ignition selector a~it~hea. 
The OFF position shuta off the heater 
i~ition, fuel supply and the cabin 
heater fuel pump, regardless of heat­
er fuel and ignition selector svitch 
positions. This switch should be op­
erated ONLY when the heater must be 
turned OFF as a result of erratic 
heater operation or to ailinwJ.n a 
consistent temperature dur ·. •:,g manual 
control of the heaters. 

A cabin heater drop- .,,4f'aty 
switch is provided in ~· ,~ f.ar• sy~·-
tem to prevent the hea tt. · oombuatio:n 
chamber from exceedin,; " ,u.fe tempc-a­
ture. 

Temperatw:e Controls '. :c*~'lit:lor, 1 

the temperature control system is 
automatic after the t.~mp.raturt~ hu 
been manually selected by the cabin 
temperature rheostat located on the 
temperature control ~el. The rheo­
stat control is marked vith a range 
from 60 to 85 degrees Fahrenheit. 

Ca,ln T ••f'•ratura CMtrel ,...., 

A manual temperature control door 
on ths cabin temperature control panel 
de-energizes the automatic control 
circuit vh~n it ia opened. Clot~ ina 
the door returns the system to auto-
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the ...:oc:: ''·-';·, .;;: · ··' _,. o;f the 
catir: ttimoot<l\~.l~'i;t :::L:.;cir~ ·:~).v$. One 
pt~ht,utto;, -.·:!.ll ole,~.!:! ~ nrt A (Cold) 
and open Port r: (Hot) • To prevent 
cabin t~pere.ture cvershoot, 1110ve the 
ca.L!.n ttUO.parature mix1ni valve 1n 
tt:ull.l 1. r.ements and vait tor tempera­
turn c':,,. ::tile. A sage showing the poa­
. · .. cf t.hc rub l ng valve 1a adjacent 
.. · .. UJ 'lWDUAl (!Uci.!'Ol dcor • 

c~c:r:pit t.t>;";c·;:_t.ure 1:;~ normal-
. y oona i~:~tAn t .,. · · ...,_ ;,·~ ' · .~ ~ '- '; n -:.empera­
t.,.u·e. Howtsver a rhEH·.st> '. :)! • .. ~.a hMter 
.:.'1ro cm;t.rol ptl!l~l perr;i te !'».nua.: ttmp­
oraturb variaticn with:!.:-: .. : .. : cock£'.. 
H~J&t is deUvared throt~h '·· d.istri-
; 'lting d.W'lt .,.·hen the cockpl[_ .l!pera-
~ ... rA c-;.r;tt'ol is p:.acd in the !'!WARMER• 
p;;-.:ltia:; >;v.d ·,..;;:t;n the \/L:.:iehield heat 
i.'H.:~~·:Jh '>;J> in the ·"-·''t1·'.cir:g r0sition, 
l'llthoUIL ~'"' ";r.t •;' md .. ,.·~t i';r"'.J1l the 
WiJ\dJh:-~~d ~ .. ~~be c;.vt:J"~,pt~ Ante> -~~~e 

('"::JC~~:"·~ ·· "' ... ··· ,, · "'t"' ~.t~ +.r;~· :·: ~)~l r.1" deair-

Wit.n the windshield anti-icing 
heat ON the c0•:-J;;r;i t temperature con­
tra 1 sh£)U]d. ho in the NORMAL position. 
The cockpit mixing valve movement ia 
~ontro1led by th"' :e:or;kpit temperature 
~ontrol rheostat. A 4D-dagree clock-
iei1 ·1,. t"c_; t.a t :~.en; ·~ :-::~-~:..:~tat is re-
qcliJ'Hd t.o turn t.:1u heater ,:_;N which will 
.A:JUlJ + 11~::0r: i·. "'3'i~'~ ,., 1 w6,.awcc,iuud *•• .tO rece. ve 
::o<:; I air in th<l coc•kpi t from the oool­
~::t:t 1::rh~a, the 00Cjcplt temperature 

~ontz;:blholJl<irllLin tht. ~L m!• 
tion tEe w F.!eid~eat oon 
should be turned ''OFF". 

Th~:~ thermifl''~:>' if!! a epecial temp­
l!lrature aensitive rr::;:J\stot• used in the 
-'6i.L.: • .l1 te:.:1peratu:···>: ~,. -~:·l.·:.<il <lontrol 
briace olrouit. A ;;;.,r;:.:::.t!;!~· blc1wer 
drawa the air over the thArmisttu• while 
the airplane is on the err::-tmd. A small 
Vbntud acoomplishetS this in flight. 
The th.raister 10neee t<r:;v charl8e in 
t.~);t•t~.rr:tura 1.nd aau~ea •"; cGbin m!x-
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The &ircraft ~s ~-q'dflJ'ed wl"U " 
heating and verttihting Jysten: '.1 • \;""'d 
to keep cabin air temperatures within 
comfortA.ble lim1 ts for passer .. ger.: '-•n-:1 
crew. The equipment consists cf 
engine-driven superchargers, insu:' ~l'='i 
in the outboard r;acellefl, Hhi~~t: "·~;~:' 

pressurized H:r to tr1e temper:;: 
ditioning equipmert L' the filf!L.'J~;;e. 

An autom.at ic 1 """'' • <'t'e cr.r:tro1 ~;:stee1 
regulB. tes tlH: 

by means of a c· 
mixing Vfilve. 
from a C<'r..i::,; 
an after~c; l"'c' 
cabin her, to-·:~, 
the pror-p :· ; · 

.. ;\ t ,, , ,. r, 

3ecticn i 

:>1:·nr1 c.:d.bir> temperu.ture. From the ten;­
f-'t·n,ttu·e c:cnditioning equipment, the a.i: 
is dist,rlbuted and circulated throtliho'.lt 
u,~ aircraft by a system of under-fleer 

·;1 wall ducts and is eventual~ dis­
'Hged <Werboard through a cabin pres­

:Stl.I'e ·~or::rol valve in the side of the 
+:1seJ11ge. 

E7 sn autol:Y!Bt:c ard/o: :::.an~l 0;ys-· 
~.E.:G of C(.~ntrol, a:_r pressLll"e can be 
m.a1ntn.lnPd so ths~. the ai:·craft can 
:.r•1vel ct.t Vtir'jillg ccl'"itudes ,~J to e.p­
;;roxlJnate2.y 25 ,GCu ; ;-1et wit;w~t discor;;-

~-i. ~n th8 cabir~. : q fuselage can b~ 
:·'·!·idly .:iepressur'.zed, in case cf emer­
l'·':~cy, by mov~r..g 'J-.e emergency ca't',i.::< 
.:titude cont.rol to the extreme cou..'1-
. l':r!:l>JcbJise posi ·tion. This opens the 

. . . {SUPERCHARGER DUCT MAXIMUm PRESSURE CHART : . f 
' t ~ "' • -- t_ - • ~ 

.so 

48 

46 

44 

~ 
::r 42 

Ill 40 ... 
::r 
u 
~ 38 

... 
36 Ill 

:;) 
Ill 
Ill 34 ... 
i¥ 
a. 

32 ... ... 
:;) 

30 ~ 

0 
Ill • 28 c 

26 

24 

22 

20 
0 2 3 4 l 6 7 9 ';u l' !2 ll <-4 IS 16 17 18 19 20 21 

.~LT;HIO~ :~liOll!i.!INO ~n::T) 

--.:7 



C--L8 

t::nergency relief valves arid the d•.llDp 
vslve, 

liM.U.ILVKi Air Conditioning 

During a large percentage of flight 
operations, the 300,000 BTU cabin heat­
er may not be required since the air 
from the cabin superchargers will be 
heated sufficiently as it is compressed 
GO naintain the cabin temperature with­
_n 8omfortable limits. When both 
superchargers are inoperative, a bypass 
cr;e,~k valve in each outboard nacelle 
·..,rill allow ram air to enter the cabin 
for ventilating purposes. 

Adjustable cold air orifices are 
located at each crew station and in 
tie toilets for individual ::-r,quire­
roents of air that is cooler than that 
s~pplied by the conditioning system. 
All of the temperature controls are 
located on the heater control panel 
in the cockpit. 

CAIIN VENTILATING 
All DUCT 

~;ection l 

The basic i:nit of the cabin tem­
perature c:oncH U on ing s:rs te!ll is the 
three-port roixine valve, which receives 
cold air from the cooling turbine, cool 
air from the aftercooler, warm air from 
the engine-driven cabin superchargers, 
and/or hot air from the cabin heater. 
Depending on the outside air temperature 
and cabin temperature requirements, the 
mixing valve mixes the air from any two 
adjacent ports in the proper propor­
tions to maintain cabin temperatures 
within the limits of 65° to 85° F. The 
cooling turbine has a lilr.i ted capacity, 
but is capable of holding cabin tempera­
ture approximately 150F below outside 
air temperature, provided excessive 
h·~idity is not encountered. 

The ventilating system also oper­
ates on the ground with engtnes shut 
down. Ari automatic ground ventilat­
ing blower is operated electrically 
from external power or the auxiliary 
power plant, supplying air for the cab-

CAIIN HIATR 
IXHAUIT DUCT 

Pill IXTINOUitta "" 

ILICTIICAl wtaiNO AND 
CONNECTION TO CAIIN 
HIA TU DROP-OUT ANC 
IIATI-Of.atll IWTTCHII 

C•ltlrt Heoter 
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:n heLter ,J.!ld/r ve:.ti.ll,.tion wher. u •• 

the ground. The grcJr~ blower is lo­
cated in the left wing fillet area, ad­
Jacent to the air conditioning accesso­
ries compartment. The air supply for 
this blower is received through a flap­
per valve located directly beneath the 
blower in the lower surface of the 
wing. Another flapper valve is con­
tained in the blower duct at a point 
where it enters the fuselage to prevent 
air from escaping in flight when the 
blower is inoperative. 

During flight, the ventilating sys­
tem will normally receive air from the 
superchargers, but should both super­
chargers be inoperative, ram air from 
the supercharger inlets would continue 
to supply air suffic :o::nt for ventilat­
ing purposes. However, the manual con­
trol switch located behind the manual 
control door on the supercharger in­
strument panel, must be operated to 

O.ulel D..cl 

:" ;·· t ;;e ~r> ·· 'L. ""' ~c:r.trol V'llve t,i "'''·· 
c.l-e the r.:.r ~·~ circulate. ShoulC:. :::'­
'.: ~lation be inadequ'l.te through t)-;e rr·e:::­
sure control valve, it znay be necessa~J 
to open the emergency relief valves by 
operating the control crank beside the 
copilot. The control door must be left 
open, otherwise the automatic controls 
will attempt to pressurize the cabin. 

The air conditioning and distribu­
tion system mainly consists of (l) an 
air cooling radiator, known as the af­
tercooler, (2) the turbine which ~s al­
so a cooling unit, (3) the ~ixing valve, 
(4) the combustion heater and (5) in­
ter-connecting ducts necessary 'L.o c·:m­
duct the air through th.8 conditioning 
system. These units are grouped in 
the heater accessories compartment. 

The aftercooler consists of a mm­
ber of tubes through which air from the 
engine-driven cabin superchargers passes 

Ca61n Heater GrounJ Blower Inlet onJ Venfllatlnfl Air Ducts 
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to the cabin temper.rt tll!"t1 control ~;:ir. irit; 
valve. Outside air enters throug:; c 

scoop on the lower surface of the flse­
lage and flows over the tubes, cooling 
the heated air from the cabin super­
chargers. At full coolant airflow> the 
supercharger air is cooled to approxi­
mately outside air temperature. Af:er 
flowing over the tubes the cooling oct ir 
is routed through an axial flow ft:.r: and 
exhausted overboard through an electri­
cally-actuated exhaust flap in the ~der 
surface of the left wing fillet. 

The degree of cooling accomplished 

22 

I Cabl• T•,..,•rlll- c-trol P••l 
2 Airscoop 
J Cabl• s.,•rciHir6•' 
4 Cabl• SJI/I.,cbarl•' Bypau Air D11cl Ch•cll V alt.• 
5 Coola•l Air•coo[J 
6 Cabi11 SM[J.,Ciwr6•' Deliury Air D..ct Cbecl& Valv" 
7 Cabl• Pr•s•.,• Co•trol Valv• 
B Cabl• Thn•i•t•r 
9 C<rbl• A/lncool•r 

10 Cabl• Heal•r 
11 Cabi• r.,..,.,.,,.,. Co•trol flllisl"l Value 

.;e :.:'rer.·c~·~tc:· :: vuried C.J' .. ,. 
or ci::-.,:;_n,; :.t,/0 8Xf'c.9;.:.st flap, =~~S 

a<ll~o::lli,,i,;:~il;-· :~o:-.t:-c::..led by a ci:--­
opera ted by the mixing valve • D c;..· ~L6 
ground operation cooling air is dn.wn. 
through the scoop by the axial flow r ':. 
1.1hich is mechanically driven ty t~,r~ 

~~ooling tllrbine. The work required - · 
J:ive the fan relieves the heat ener~ 
from the warm compressed supercharge::­
air. 

A ground heatinG s.nd cool!.ng accee" 
opening througl-: t:~e skin 7,o the floor 
ducting is used for sup_;:,.:;.ring he.lted 
or cooled air fro;;:. a gro'-nd s~-~rc<2. 

~/~ 
~"' 

12 Cabi• H•at .. A.cc~s.sori<>s Co"'""'"" 
13 Cabi• He<rler Gro"rui Blow•r 
14 Cool""t Air Bxb..ut DJKt 
15 Cabi• H•al•r Co .. b.,.tio• llirscoop 
16 C<rbi• Cooli•t T•l>in a•d Axial Flow F"" 
17 Pll1h1 Co.p•••••l Te•fJ"'<U"'" Co..lroll<fio:i•t ;.·.," • 
111 Wl•ds!>ie/11 A•ti./cl"& COfltroJ V<rlu• 
19 H•at•r Fire Co•lrol Pa•el 
20 Wiradabi"ld A•li·lcl•l Air Eshanl Owct 
21 Foolw"""'"' 
22 Heater Co•trol p.,.,.,J 
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Cabin Pressurization 

The cabin pressurization system is 
designed to keep cabin air as near sea­
level pressure as possible throughout 
flights at various altitudes. 

On flights up to 9,000 feet, the 
system can maintain the cabin air at 
sea-level pressure. When flights are 
planned for altitudes above 9,000 Ft., 
the pressure in the cabin decreases 
from the time of take-of£, but at a 
much slower rate than atmospheric 
pressure outside the atrplane. 

The differential between outside 
pressure and cabin pressure increases 
to a maximum of 4.16 psi as altitude 
is gained and then is auto._ .. ically 
held there. H~nce, as the airplane 
climbs to 15,000 feet, pressure will 
decrease slowly to the equivalent of 
a 4,515 ft. altitude. When the air­
plane is flying at 20,000 feet, the 
altitude of the cabin is maintained at 
8,000 feet. 

Above 25,000 feet, where the cabin 
pressure altitude reaches 11,300 feet, 

\ 

' 

f\A,.. IN 
Of'EN P'OSITION 

Section 1 

the :Limiting pres:;:,lre differential of 
.:,..16 psi is decreased to prevent over­
l~lding of the cabin superchargers. 

Ram air for cabin ventilation en­
ters air scoops in the leading edges of 
the wings between the nacelles and is 
ducted t,::. the cabin supercharger. The 
impeller increases the ram air pressure 
forcing it through ducts to the air 
conditioning units located beneath the 
main cabin floor. The air conditioning 
devicAs cool or add more heat to this 
"':r as needed before it enters the 
llabin. 

An air flow valve or regl.llator on 
each supercharger detects the rate of 
air mass flow coming from the impeller. 
It is connected to a hydraulic system 
which regulates the speed of the impel­
ler, thereby maintaining a constant out­
put of air regardless of engine RPM or 
airspeed. 

Each supercharger is rated at 710 
cubic feet of air flow per minute. 
This provides a complete change of air 
in the cabin ev&r7 three minutes, with 
both superchargers operating. 

M'"' IN 
C10SID P'OIITIOH 

Dt~cl 

c •• ,, S..rc,..,,., Delivery Air Duct Cltecl V.lw 
1-32 
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The air ie continuously takeu into 
the airplane, pressurized, conditioned 
and circulated through the fuselage 
section. It 1e then exhauet·ed over­
board. ll u 1hl. ogntrol g.t iJU.1 W 
exbeust, rathor ~ Ani gontrgl g! 1bl 
oupercbargor ~ 4oto;minos 1QI 41: 
~ ~ preaourizatign. 

Such control ie completely au~o­
matic, although there are standby de­
vices whioh parmit manual control. 
There are five fuselage valves fo:r: l·eg­
ulating cabin preuure. Fou.r of them 
provide for raleau of air pressure 
tram the aabin, The tU'th valve pro­
vi4ea an air inlet to prevent outeide 
preeeure from exceed1n, inaide pres­
sure. 

There are eeveral oabin pressure 
controlling and indicating inetrumenta, 
The controlling unite enable the flight 
crew to oet up in the ~stem the ex­
pected altitude conditione at which the 

Section • 

airplr.nl6 wL.l be flown and to pre­
determine tne rate of co.bin "climbtt and 
"descent", the cabin-to-outside air 
pressure differential, and the altitude 
at which the cabin will be maintained 
throughout the flight,, 

These controlling unite make or 
break electrical circuits which ener­
gize an electrical· actuator on the 
pressure control valve. 

The indicating instrument enable 
the flight crew to visually check the 
operation of the system. 

The two aupercharger systems are 
practically identical. Each conaist5 
of an air intake scoop and duoting, ~ 
oabin supercharger with allieti speed 
controls, and ducting to the fusela~e. 
Both are normally operated at the a~s 
time, although each may be operated in­
dependently of the other. The pressure 
control system of valves and instr1.1-
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llltJnts is common to the complete pres­
surization system. 

If one supercharger fails, the 
other can provide adequate presacll'iza­
tion under most conditions. If neither 
supercharger is operative, ram air en­
ters the air scoops and flows through 
duoting to the air conditioning equip­
ment and cabin for heating and venti­
lation. 

~§I_Take=Qff an4 Superch§rger ~r~ 
Assemblies 

Each supercharger absorbs from 10 
to 25 engine horsepower, depending on 
atmospheric conditions ar~ back pres-

POIT Ji. 

Section l 

sure in the e.h' ducts. .D'hll power tor 
driving the supercharger is derived 
from the right hand aocesaor,y pad on 
the rear engine oaae, then continue• 
through a quick diaoonneot clutch &Dd 
a drive shaft to a gear box on the 
superohat•ger asseml:ll.J behind the tire• 
wall. 

The supercharger drive shaft 
clutch is contained in a housing which 
is bc:lt.ed to the ;: ight hand drive pad 
o1, t.he rear engine case. Th~. oouplinl 
between the engine drive pe.d e.M. the 
clutch ie splined at both ends, A 
shear section is provided to proteot 
the engine aooeasory gear train in tb8 
event of olutoh ahatt beari~J failure, 

CCO.O All fROM 
COOliNG TUIIIINll 

c .. ,. •""I' Co11er 
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WARNING 

The clutch may be disengaged ln­
stantly while the engine is running, 
but must not be reengaged until the 
engine is stopped, 

The supercharger must maintain a 
selected cabin pressure. Since ah 
density, ram air pressw·e and er.gi.:r;,;; 
speed are variables, tt is necessary 
for the supercharg~c tJ compensate for 
these variables. The planetary gear 
system, acting as a transmission, in­
creases and decrease "·;norcharger 
speed to make thiCJ .;:, ... .:.:~:~1!), 

Supercharger AlJ:.flow Control System 

The airflov. ,;ontrol system detects 
variations in stlp~rcnarger air masfl 
output and changes the position of the 
variable displaceJaent pump to control 
impeller speed accordingly. 

It is possible to build up back 
pressure in the delivery air duct down­
streaw from the impeller to the extent 
that the impeller wilJ ":'tall out 11 , .,1 

~uch cases, the load under which Lhe 
i~peller is working is so great that ~t 

fans uir without being able to move t:1e 
air along, This is indicated in the 
cockpit by the airflow rate indicator, 
lt fluctuates rapidly, indicating tha~ 
a decrease in airflow through the dif­
fuser has occurred. 

There are two tmits in the air :::)n· 
ditioning system which, when oper&tmg, 
increase the back load on the impeller. 
One is the expansion turbine and the 
other is a butterfly valve located in 
the mixing air duct outleL, which lin­
poses a restriction on Hlrflow from 
the superchargers for windshield anti·" 
icing. 

2 Aua 1965 

,:)ect~cn :. 

J..\) ;:'.~ ~ ~.,_ ..• ,:j t.. cc:·~:::!.t:.on of thi~ na-
t,~ e, H ~.C;~E!:~?s-ig:n__nt.iQ lim~t- S~ttc~::_ 
Joe a ted in the lower right hand side-of 
No. 4 nacelle, is incorporated in the 
electrical circuit. This switch is de­
stf;nad to reduce the restriction in-
v• · ·~·i by either closing the turbine 
rnL:. ·~~ valve port, or by opening the 
b11 tterfly damper, whichever the case 
ID.iJ.Y be. Thhi condition is uensed 
tl-..rough A. 1~., fxoam the supercharger 
:j id."use:r. 

Cabin Supercharger Ol.l ;·,·lls 

The cabin supercharger as&ewcly 
contains ita own oil sup;ly. The main 
supply is contained in a. 6\,jJJlP at the 
·~ot toll; o!' the planetary gear box. An 
IVl;:~H,~ry r:•.lpply tank 1s mounted on the 
fL·{~wal.l fo ·vard of the supercr.arger 
;~;::..,;.'",~;~.":'i·-:1 st'd is connected to the 
s..rr .. p by «. hose. The supply is replen­
bhed through e. filler neck on the aux­
iliary tank. Not only does the tank 
r. ::runt t,he reserve of fluid avai:Wble 
to the system, but it provides addi­
tional volume for expansion. A drain 
hole has been drilled at th& base of 
the filler neck. Fill the system un­
til oil runs out this drain hole. A 
spring-loaded valve bttached to the 
"i iler c;,:D S€\als off this hole when the 
~~''-I· iu instaLled. The oil capaci·~y of 
eli.Gh superchF-rger is :6 quart!, 5 ouna•s. 

(.!ilJ.n .I:reasure lustrLUAents and Control.3 

.All cabin pressL..re instr:.unents ar:.i 
controls arn loca. ted en or ·behind tr:e 
c·~tDtn pressure control pane.:.. in r,;,t: 
f.Li.ght comp.nrtrr.ent with the excep~ion 
,,f t.hc supercharger oil press ,re ,.nd 
temperature ind tea tors. 

Two cf t.he 1h.ree presst...re con:rol­
.l ~ r.g Luli t s H re mountt..d on the par!el ar..:i 
lo(Jk like ir•:o truments. They 11re '..he 
1•,_,abi.n Preo;st.r£: HegL<lritor 11 , und t:-.e 
•·cob.bin Pres.s;u'e Change Limit Cont:-clq. 
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CABIN I'RlSSUHI t:OtHR!II IWH I 
The other controlling unit, the "Cabin 
Presslll'e Limit Control" 1 h located in 
the ceiling above and slightly aft of 
the copilot's window. 

Four instrument~ on the cabin pres­
:oure control panel are pressure indi­
cating instruments for checking oper­
ation of the pressurization system. 

Two of the instruments are the air­
flow rate indicators, ono for each su­
percharger. They meast~e the pressure 
differential across the supercharger 
diffuser and indicate this differential 
in terms of air mass flow. 

A dual instrument, which indicates 
the cabin altitude, the altitude of the 
aircraft, and the difforentin.l J:·ressure 
between the two is also installed on 
this panel. 

The cabin rate-of-climb indicator 

1-36 

is used as another general oheoK over 
the pressure controlling system. It 
will indicate the rata of cabin pres­
sure change in terms of feet per min­
ute. 

Ttw A.ilt.().lD.a t1--::: pressure control 
5) 2 ~ 'O:l:l ·:-pcra.t.eCJ ;;:nl:r ,;han the Md:c.~.ll.i 1 
c:ontrol Door is closed. This door 
b loca tAd on the cabin pressure con­
tx·ol panel in the flif.;'ht compart..ment, 
Opening the door aot;..l.atM a 1n>t1.tch 
which breakR the alrt<:-..'lluti,c ::li:t'ouit 
and completes a DIB.nual control oir­
cclit. This ..Latter cL·c:Ht ene.::-gizee 
Open and Close prum out.ton.s, \located 
brhtnd the door) ·which control the 
Pr~ssure Control Valve directly. !f 
~.hA R.UtC'..matic ~ontr·J1 malft.mction~J, 
~,}· .. ~ f-. l;;;;ht cr·e•~,. ~>~a;¥ ·JtH~ tne ma.nual 
D<.it.tons to udjust tht~ control valve. 

The Cabin Pressure Control Valve 
consists of a Ol\i'lt <dtllllLnum cylindoc' 
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and a b11tte;T· ,;:;<·nlnted or:"' Vf<''t,1c:r"1 

shaft. The ·-~Ll.nder ia mounted late:-­
ally at the forward right hand corner 
of the hea b;- compartment. Air on 
its way out of the airplane enters the 
flared inboard end of the valve. The 
outboar-d end is flanged and bolted tc· 
a atain:~8s steel diffuser. 

An electric actuator (reversible 
DC motor) is mounted on top of the con­
trol valve cylinder and connected to 
the butterfly. 

The anticipator bulb systf:Fn ~s in 
effect a minature cabin designed to re­
flect cabin press,lre changes i.mmsd 3.ri te­
ly for the benefit of controlling in­
struments, Wltho;Jt it the:re would be 
a lag between :!Hbin pressure ch:wges 
and detection of them. The bulb is in 
a small T-shaped chamber loc!ut"'d :.•Love 
the flight compHrt;nent entrance Jo')r. 

The piping system introduces t',.;) 

pressures to the a.nticip<1.t.or bu)t,. 
high prea~Ul:'e fl'Oll!. tile ffiiX{lrl 11.11• rj ,-:t 

and a lower pressure ( wi til some Vt1n-­

turi effect) from the pressQre r;ontr, 
valve. The two tend to balance eBeh 
other in the bulb. A sudden ch'illf!.6, 
such as a surge or drop in either lir;.~, 

will immediatel,;' show up in the b~.lt, 

\olhilo effects of' these changr:: ·.;~ 

r·ome evident in the cabtn sOlD.<e tir"'~ 
•er, Thus, p:-essure co:r-ditiona in t~ 
cabi.n are anti:-ipated in the bt.Ub be­
fore they become evident in th.e ca':~,.. 
Tne two controlling instruments c:r.­
nected to the bulb pick up these ant~·­
cipa ted changes prompt}¥ and react t r 
them with minimum lag. 

The twn pninters a: the caLiL ;~~ 
sure ret,~latcn· s.;:; fixed at hn ar.5}_,., , 
107 c:leg:·ees L ·>~·.ether. ',:'1-,:;: ,:.L,;:. 

repcesents the 4.~~ psi oper&tin~ ;. 
sure different!. sJ, &s \ie1l as the r'. ~: · 
ference in feet bet~~~~ flig~t al: ~ 

of the c0~in end aircraft. nne -~ 

pointero i.e :..at-e. :.rYl "F'.:..ight ~~ &.:::: 
other "Cabin". Tb~y a~e rcL&'eJ 
knob nwrked '1!-br:-:" 1: ut the ~,., ... , 
r:;orner of the i.c.:o ~rwnent. 

The pc.inter illllrked "f_._i,;c ... 1' ~ _, 

.Justed ueft,J"'f:' t.ek.:,-0ff !LOr tLe l:)a.<.:: .. 
1=-~~.s.rn1ed fl ~ L7 ~~ .-;· .. , .... ~'· t ...o.c! ·:'he ce !... ~ 

polnter wil.l U·l<':n ~ndlc:ite U·.c, Cct •• : __ , 

pressure a1titu.de ..;hi.cr. :s ;;.;.c;:.Jll.•,.­

by the ;~r0:-:'~~;l~d :·~:g<<~<-.~: o~· o. t ·~ ::,~ .. ~ 

altitude. 



... ~L:~-.rt>s around the rim ,-;f tht: d.1~~.1. TLt:~ 

".ot!:trt Marke/ Retting ls 'h" •1.Ltlt1:J.~e Hi. 
which pressurization begins on llolCnnt 
:'' the airplHne, nnd c:t. ·.i~·ldl dt<pl'f~S-· 

ci lrization ifl COlli!Jlfltl:',d_ Ol> <i6SC6Ut, 

Du.r ing automatic control, the cabin op­
erates unpressurized at all altitudes 
below the setting of the ':1tart Marker~ 

Before starting deE:Jcent Lo a land­
ing field of an elevatioh different 
f~·01n t.'le take-off fields the "Start !~.· ·:·~ 
er"must be reset to the 1a~1'ng :l6:J 
altitude. Resetting is H<-.''l:-Jsary to 
o otu in the proper ratio t't><' · ••en the 
rate-of-descent of the c:a' 1 r. H.nd the 
airplane, so that thEl h 1 ·· !1 
ld.nd fully depressuriz,;.~' 

The 11 Cab1n Pressun~ \,!JKnge Li.:ai.t 
Control" controls the ;· · "· ,_,f c.:h<;nge 
of cabin pressure u.:L.: .. nct.ain operRt­
ing conditions. Stat.tnt; it. a.nothe..r way, 
it limits the Cllbin 1 s !'d.t.e-.:;f-oli.mb and. 
rate -of-descent •)f , :..U:ul.u ~tid altitlllia. 
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t~::.'..hl~y t.c; r>.~ :·,.;,r 
feet DAr mi n:ttl; DU,.tti, 

Th~rf~ 111·A four cabin pressure e.-
r:,el·gen~y · ~ef valves on the airplane, 
il'u·ee of ,,.m release cab in air pres-

'd.ct \.l.g t,he Chbin presr..u:·e crm­
-~J,_:·e· ~.l~ decr~:'ni~_..-(.~ I"~A:.~~,; 1>: dif·~· 

le~·t:·r·~ ~~;} wht:J'1 :J~e\~~..:,. 4 '~"'~e fourth eS'O· .,. .. }; uf valv""' 
F\~:r~~fl!' 1. -· r~ {~ne~.;.~~i.3 • ~ .~ ;, 

,. ex~·et>-de ~:abl.t~ ~:d.r ;:..re:;;:; ..... •· 
TFJ.pi.d depressu . .t'i.u1 tion of the airp2 · e 
1s re.quirdd, the cabin p:..·e:.' .. '? 

t,rol. valve may he ~.r..adequnte. 
diC).t.-.Mj 111 c~:..\.::-;.'!:1 ":?' elt~c(.ri::! .sc::·· __ )._ 

, •:. ~ ... ;u·e on tbo ~(iLtro.l \/~l \;t;, ~.:l 4
-

.a::,~;> the vulve !':u"':::'.:.®rfly hs.s bef-jn 
t.r ipft1d u1:.d clo;.;eo., a standl:.i'Y method 
cf pr~a:tw·"~ ::,:n~roJ ·~c. r.~eded. 

The ~"Tu.&l -.rcency .!"''llbi' "'<ti >~• 
I i. h locat.t.d at six o 1 c-.lock P'·'•ition 
in th~& ~ft.. p:rasaur-e do.a an:1 eondats 
of • -~ut .U~ua housing, 1. cir::<:..la.r 
COT•r plata, rod and IPrinl• 
Corllrol CMII• -------\ 

___..r-1 " - II r~~. ,\ 
; 

, 1 r- -- · 
--;·j~,..i 

_.,.,., ...... _ N~a-.. • ., j '- '.f_~t.,. ;..\'!·;fi;.AMJ'@ 

ti•t!"t._ .. ) /~_r: :.~t v ... ~~"« 
I' 

l-' ' 

/ 



-

turc ·~:.{ ~.:1;;, r·{·~.~'j!>, '··~5: 

".IhJ.:;. c' :.~t f' :;er~1i:og ;r"r.nn~,H; 

preE;acre ao Lu..."' ted bellows assembly 
a srrJ.t!. :i~ ··! p ~ ; ~.·:":. "'rn. ... ,, ~ ~ 

At r..pptoJ;:ir,a·;-,\:l.<.;,· .;.,2 ps1, the i.Jel­
lows wi.ll contract er.cugh to let the 
pi.lot valve disc m:Jvu up i.o trw _,:· .,. 
position, thus dieche.rgiP..g s.tr 
sure overboard. l'hit: flLrt..:JJ.ui L1" c....tn:. 
gency relief valvt:l nperCJ '.ac '~,.: ~ · 
ent ly of any otct1o:· •r1; 1 ., ., :: " .. ·: · , 

ever, a level "- ~· · · ·,e 
valve hous i Tif • :,· · .' ; y w4 n optj,-, t:- ~ 
valve manually. "od ooru1ectl'i th(; 
bellcrank on tht tY:ntw1 re1 tef ve.lvs 
to the autor~t 
valve. 

Both va.;_,.c. 
4.67 pol aL·'· 

an emergell::;· 
contro:'. o"'."n 
uf the ,Ll· .. ,- l 

.. l. :;~; fu1.l. open c:. 
+'-,t.(l m.<>nuc.lJ;:. .:.:: 

.·~ LfH'; \_:,y;kpit. Th·: 
·~lo:in·~~Fd. t?. ~ ~ht> r' ,~1~·t 

< t1 {-~b. t·, ~ 

lll'TTEII'\ 't AlSIMIU. 't \. 

; 

tLr ~(:··'· ·-:<""·,·-~ •. 1f ~he p.ress~e d~;.,t;:;-' 

r.ha nf't end of the :!abin. lt is a 
.imp:...5 f.l.:tf:pwr Lyp·. valve held clo<J~: 
~-y ita r,'.tn weight a.nd cabin preS!!':~~ 
:-t opens inwardly should outside p::·s ·· 

,:·e exceed the inside pressure by l; 

.t.:r: e: ... ,o f~··r.~y •Jabtn pressure dtl--::: 
;..Vf: l.e .... _. ·:C 1.8~ ' -;.he flight -:;c·.;; · 

• t r· r>t' " • •.· C >·;; ~Oh perfO.!'rM 
"' s:lm.~lBr iu.notic;~, t tiv '· of the ra.~-
•nd.ve: ·'·nd ie c:p•3ra +...ed the same 
l'igging as th·!3 n · valve~. One Uil;. \: 

dtffflrl'!r;<e, howeve.::, ''X:iate between 
·~.,h,·H ·'...tJJ."'l,J~. 5:.7-A'i :~,ht-, r~ ··,~HlVes: J'~·. 

·k;·~ .. :.l no"-.. .7 el:.tr'.~e ~"lder exoeaeiv!! 
· :·,:, '"J.t::..::v:." .. ica:l.:.;.;. Its main ;.;: · 
.t~ f0~· f·:1;t s:c.o.:-gency dumpi.ng of e.~~-

Ct. i:e~.:·:~ to ;,lpidly clr,.._· 
:·w~y •tny fmnes whj.:::t r':.E.y find their .,.." 
·• x,·L:· t•w :f .,, • ..,ar·d o "· b l::; a:r:.d f'lizht J -~ ~ 

PB.r'tlllenr,s. 

.~ .• ,-.~,, "-""""~·,. "<\' ',•IJ"lUSSV~lZAnON 
'/~i ·/! 

/. ~:...~~--..-:::.1-~·­

/<J./) 
· ..... '..:: ....... 

'··<~J 

--~r.si:~ 
-./ ' ... .,..,.,/ 
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1 • L:1rJLJ.: :;~· f!iO~ 1- ~·}·~ 

aolenoid, 
2 ~ Ca!:::it~ f::r~~~'~:.::~t.l't ~,.·:~,, 7' t 

J 1 gh'. 

b, 

,!.. I. ~·: ... ~;it .::,. \ <i.. :·t. ?' ~ ._L..,; \? .. ~1~. 

2. t:,('JQ <:J;' .•• "'~ l~'11f~t.~o:.: 
~t..t;.ti;y .. , 

d. O.rtltll. $H:.:,: ~<;;:.lf;s; f'Cl' p~ 
oo•p1lot ~tvaU.f.bl;;· ~,., ,,,o\;'7'~.:1',, 

t • :r iva o:!!:;r ~ ~t. ~· ~% .,-;J ;? t t•l' 
crew. 

1:• D-A•~~~~ ,;,~. ·~, 

allow• pU~t to 11:;· t''<n:,~,:. 
G·l bottle. (s~ ,,, ,_.·.;""'f.'{.;. 

., 

·., < .!' 
·· .. ::: :..z:.s; gear F".X'!It,f 
... ·-~. 

"'~'-'~ !.;.:..~;:.;_.~, b..i.o:.:f~:· iJ.. 

~-"'·" t ~l:t.<! '::·:"',:e'r:~a ( U' 

· ¥ :10.,_ qr-til: : , .. ·. :..t· tP oo.td 
4, tfJ. Vl' 14 tn,Uul inUI'~' .. ~ 

above aener&tor out-in apectd 
~"!'! a.~o~ cptr&tion ot "~" :;.t. .. 

~. O.nuator outcut oiroUl.'-

" . .:, 

t . 



. j s 

a, Untvua j4 cr Solvis 200 
t. r.:not ho '11b>zcl 1,,•, t 1· ~·· ... ~-~,..i'l]) 

b. 'furbh-:~• liW\.toh on. oont.•.r 
'erhead ol~g)i.r\::;r.' ~ili'-"·1 

o. Sep..ra t• illlllt.r.uux::t~ fot< 
·.Htbi.n altitudo arid oabin Pfii••ur•. 

AIR CQlfPIUCIIIG . 

Jl'o de-foi valv• ot' lUo·f~ Ml!lo­
L1.ln au tlw wi.mebl•ld. r~t t~vlt(lh. 

I ... HEUERS 

T•u tank s;tt. ... ~ .'t·-..t . ., ', •• 
. ;, .. ft.). 

'/ 

a.. l"olll" t•t·ll1n.s llwhh ~ 
··, ii df'<teotiCJ'I'\ r.a .. ~l :r,., .... ''!1'>1. lc"-

.. .:;1 r>mil ih.:l.e\'lt.w· il!~:~;t'"~" 
~). Four rfil~a t •r i. t1ht ~<· at 

.. rtc·UJ Of 00"'j)l";_nt~ ){}~>:~-tY.},..altlt. 

J? _ D 1•ot£~trl• rl iEt:\t· _.;·~ i,l:~ 
:" 1 ).~ bs. nk'• c)t hot tlJ.&. :.'-", •'#L~~ 

. ..x t • t·na.ll7 on t.he :uoe.,. ,,;r t.M c :t r -
'raft, 

•· Skyd rol { .::l!l.r .. r~-;.Yt ~ ;;:i:ut.C; 
with Untvu.1 '51, nr S='lYh .2001, 

b. Turbine IWitob 00 p;t"OU*" 
lU' iaa t ion p~ul•l. 

Dw.t.l tnatrWDint ua~ tor 
oabj ~ ltitude and cabin pre11u.re. 

AID COJDITIQIIHG 

lL;;u ~ dt····· :r valve and. hlu 
·hll-toe uloct1··<.·· n.~\ H·· \t].n'.J·· 

;~;·, J-~-~.;.-~ '"'•• t -~lfl(;.JH. 

iO~ht ('..A.rj,lt ayetu. (A.ll a 1::­
o t•at; :~ • 

•t. liM og:rrOJ w co
2 

a • rive warn 1..ni liahta on tire 
~'"'tMt.i.,.. pt1n111 1• t~v• eel•t>i~oJ" ptrur~ 

'''"'r ewitor,, 
b, ione . 

~~ t;i•f!! .liliU i t; r' \ t1 p-4ti. ":, 8 t' 1 !.~Jc' 
te ,;:n.l.i~a-1: loOLtild fo.t'i#it~ v! " ·:, 
r,o-pnot nn t,he .!r!ah~ b:!!lt':'•)"l;it~·t ~c·t~~l 

~-:- ¥-tv• ~-~n1:"'1 -'~.)i.l z,: .~ t.ahfil v.1· .. , 

l.t.attd vith the aster r-.~t•~:· 1 
tt .. y U"tt looatt~d m~. ·~4' ;, .. ;_. ~ ~ ;,.,, ,. 

ion ptUlel. 
~'' DitOr.Jl-t'!)"ot r,; ;;;(j~ !ox· !,}·,· ~!\ tn 

('tl,;Jo4.<. i.,;' bvtt.:..;;.., ;;.,.;;.; • .J......<Kl ,lAj:..:...,q 

th~ tc..t)f)e wb.eel w•ll ,Jt ;,~ "'u·«'n~~<f'·i;., 
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The two sou:na;s of h: •< ~;;; t r ioa i 
enero on the C~llSJ. a:. ; ;.;<t .:ert< :.c;rl'! 
und the batteriu. 

The batteries provic:rc ;; I'!J..tge;; 
.;[:amber for the genera. t.:r r.yst6Jll e.nd 
&re t~.n emergency eonrce ,-,r tit: :;:•oldlH, 

The 12 volt, 88 alllJ.c-eru :., .,. ;,..,t_t,.,,- ~ .. ,r­
are attached to s;-r!n:,: --~";;,:'h'ld "tc:;tj.,,, •. 

eleva. tors which :Lc,l.J'lili' v •" . 
doors aft of the nou t(t;. • · .· ~ . , thuae 
ba. tter ies a.re oonneotec: · HHt tu 
deliver 24 volts, 88 urx::- ~-··(•tJ_ts \.~) 
the DC Bus. 

1'h111 ba.tt.:~r Jr,-

DC bus by a l'eay 
t>EL t tery oampartlllel:'· 
tery &witch loa!f ', 
overhead switch p~:r. -· 
tions, 11 0YF 11 and ••;: -• _, fi·J.it .. ~. 
500 opere ourr'f< ·. ;:..L .•• :· r~ ott}cJ't.&~ 
the ba. tter iets f:r.·c~J-' 'r.. :_,v.,;_, ~loo:nt, 

The batteriea l!lU..'lt. l:u c&OJAC~ for 
a oapao1ty cheok evury l~O Wqill per 
T.o. lC-118-6, The water .lovelmuat 
be IO.B.intained J/C .:;/ aL ;_:.. ... L above the 
rlates. .1 epeoLfLJ g.'l-'t'' ,.,~.a.U~ uf 

etJ.oh cell a.nd ~ia. tt'1J' 1.~ v•'; nht'lllk 1:3 re~ · 
~~•ired every sevt'li' rtay~ an.i ttt aa.oh 
periodic inspt!!oti•);l. '.!'.' Uw sp"oific 
r:·ra.vity 1 after t&mpaz·nt,'l~· .. 1orreot1on, 
t<Xoeeda 1.310 or i.s bt~lc.\1 l ~~40 on a.r.y 
eell, or a variation uit~h ll{reater 
than .020 between tht. h~hest oell and 
U1e lowest cell, til~ ~ ·. '"'!'"> must hi! 
replaced. 

The sulphuric 
lyte is extremely 
tind to clothing. 

aa 1d in tho electro-
1nj m· luutJ to the akin 
If a.oid t!'.l sp1l.lw, · 

neutrali!i~ tt <>:.t onoe with eodiull bi­
oorhona.t.a (baking soda) and waah with 
'oe& tcu·. •h aluminum or allllli:null-
alloy eu. , ,,o .. of th• a1rora.tt that 
~~l.'Vli'l b--.. HHl ,H)illt&mirll:lted With battery 
u.- .:.d. clhh eoap B.lid water or ~'~C:l::i.& and 
Vd.. i,el- i>:J n.c: :tral i ,.~ •c ::.ti. 

al l. 

...,.._,. I a Palutlor 

.-';.-;<:8 volt 00 external power can be 
o on~:.:<H.od to tne a irora.ft 'fjleotr io!U OC 
hu.a ~y.;t-• thro!Jih a th .. ~4'le-prong reo•:;;.­
t.aCli> aft o:t the nou :.Jta~ol well. !' 
is oovend b7 a. tluah ao:.mt-ed spri.ni-
-·, 001d.;,•l d(d)!', .E:xtl!r~l.!l.l f'JWer !.s cor,­
t•v<:ltod to th• bu~ be.r by '.1\;U:z:,a ot tt 

J.l' .:-.•n.d p0..,or rela,_y, and cor. trolled b;;i 
..:. c..;tto}, lc.cated on the forward .:'lVIN:·~ 

h<md awit_,h pan~t!. 'ol1th •PL.l.HE B.lTili 3»' 
"=;!··;·r~;-, 'fl!)l.;'Eflll ;',·r:lt:,::n;$ !hie ewi.t.cr 
rni.>t, h;lj i.n tkU~ iiGROm~r, KJ\·ii:JJ. 11 ~·c,~tl.t. tc.r 
' c- oC>nneot the AX:terna.l JX''-~r to c,he 
't.·Lltl, A red. li.gl--,t on th~ i\;r·ward OY~t:.:­

h&ad <'!\olltch pclt'lAt.l. tlli.l.ll!!.h'l.: .. os '·~''~"·• '-: 
tt'lrn&l 1>.)\JtH' i!'t Clull.tli5Ctt-> .. ·:.:. tu: P'-'~· 
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Ltd.& rel~ty "' ···'·-' 
t a,·t~ll nnd 

Wlth trt" 
Oft!" posit hn1 :· t>· 

:.: n1ment power "'' ·' · 
in~ BIJltch OrL 

s 1 '" (J l r. f.:~';. 
\ J l t f Li.l ~ ~. ;tl 

Al Lin· '"'' 
.d,[o for: 

i ' Pl. ;:, 
d~..)t' l :. 

2 Pi l ,,·, ~. 

,,, ..... 
' ,;;:> 

. J 

, .. ~> t ----·~-. e."""~ Lu!-·i•li'f.i.. 

il~·~,;~ rHJ~.~01· :1i?nl!·rt1tllt·a rated 
''" ,,. \U YLdtS~ and thti 24 

_,,.., , •· t")·Jr "'' l: ery ayatem. 
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Gl!lJERJ.TOR SYST»i 

Primary power for the eletstrloal 
t~Tttem ia .supplied by tht! enc:tne--dr-iven 
a•nerators. Eaoh gentu.a.t.or is oonneot­
ed to the main bus through a reverse 
~urrent relay and reverse ourrent cir­
cuit breaker, The aircraft total load 
danand is such that nurlliAl operation 
tuy be maintained with :..wo gener11t.ore. 

Voltage control ia ,_, _, :'Vt~d bJ 
four oa:rbon pile -ty-pe Vt:d tk-'e regula­
tors installed 1n tlu:, ~1 · ,Tunotion Box 
T•ft Hand Arme:lc Thn 1 .~" ;it; mn1n-
t.ain a oon8tant ge:ue~.t;...> ·'·',~"'gill nf 28 
volte at upproxi.Inatel:r .i:)(X) engine RPM. 

When t\;o or m.-.' l' ?"''!ttY•r:t,o..•e a1•e 
operated ir. po.r1:1llei ';ite~ voltage regu» 
lbtors tlu·ough the tz:;;<LlilliGt' "i:rouH, 
as ::Jist each gener~:~ t.Gr in tittlltUUing ita 
proporti.ons.J ab.a:r~ of thw total load. 
This is aocompli6hed h,1 ~eduoing the 
voltage of the generatMs oareying the 
hi~hest cucrant.. und ino.ne.dng the 
voltage of the ge:n.ert.."'vora oareyin& the 
least c i!'J'Al<t. The dquali.''~r cirauit::~ 
d.l'd 1. ;_: ·1 .ru·ou.gh the ~li!nerator 1:3Wit­
;;ht:~fl. 

Tli6 volt.a.gL ;:.,guuJ.L;;c' J,H,llrl€: aye­
LI!l!Jl consist;J of sma.J.l s.ir jet11 dLtoted 
r'rOill the airplane cold air· ff,fStem.. If 
this llooling ayettllll fuiln to maintain 
r,he proper tempera.tur., in the volt&ie 
regllla tor COIIlpartmant, a ritd WArn in~ 
liih t, ad j aoent to the. inver ten• ewi tohae 
'..'ill illlllilinate. When thie hAppens, the 
voltage regulator ccapartment pe.nel must 
te opened for inorea.sed. ventilation. 

R~yer1e Current Rally 

Each generator o1.1:-~1t it.wor~t.ea 
a reverse current relltf lrJCated in the 
Main JL·Ll1ation Box. The relq llhutoaatio­
ally aonn~cts and diM~oADeota taa .... r-

a tor trcs the bue • The rner.. our rent 
relay will oloee when generator voltap 
ia approxilaatell' 1/2 volt abon bWI 
voltaae, provided the oorreepondinc 
generator ewitoh 11 1n the OM polltloD. 
.1 revere• ourrent, oreated When bws 
vol t&ge ie higher than £enera tor vol­
tsge, of approxtm&laly 20 to 35 ampere• 
· .. d.U oause the reverse current relq to 
upen. 

Gtlllrttar SyitQbOB and Cirgu!t ~ 

Qenere.tor awitohee are .:.r31.ted on 
the forward overhead awitoh p&Del, 
Tneee ISWitohee ocaplete a oirouit oloe­
ing the reverse ourrent relay when 
generator volt4ge 115 h~her than bwa 
voltage, A JIA&ter ahutotf bar 11 pro­
vidtMi to turn oft all generator awS.tolut111 
tn the event or an emergency. 

The generator field oirouit break­
ar• are looated oo the Min o11'ou1t 
breaker panel, FAoh oirouit breaker 11 
rated at 15 amperes and will trip UDiler 
a load of 18 or 19 ampere• :field our­
rent flou. 

four reverae-ourrent oirouit 
brtsakera are installed in the Main JUDO .. 
Lion Box to dieoonnect a generator ql­
tem when a heaVJ ~:~urge of reverH auzo­
:rent ~lowe in the oi.I·ouit, The guwara .. 
tor field 11 aleo de-ener1illed wbln 
this oirauit breaker 11 tripped. 

A tripped reverie aurrent oirau1t 
broaker 1a identttied bf an Ol"&Jll• dot 
appearina in a window adjaoent to the 
,... plAte. Tb.S.1 oirouit breaker will 
not be reeet in-tli&ht. 

The ienerator atrouite are proteo~ 
W bT tour o~t&a• relq11 aountec! 
ill t.be bottcs latt 1ide ot the Main 
Jw:aation Box, *-oh relq 1ern1 to cUt'"' 
eoJmMt its re1peoti.,. pr.rator trow, 



-

tba b\-ts \wi·n6:.;, :.~ .:·· ~-; ( .. ' . ..; · . .,,;·\ .. ~ \.a~gtJ ol· tt1e 
genera.tc;r br·t,: ___ (} ... ~;: ~i)l'l!tJ..-ljJ- hlgh$ 

The Tt>Sf·t m~okHi::Jmfl lil..'e ltla.nuelly 
operated allt~. can bB N;s~t if el.llergancy 
conditions ·WE~ruwt, ~;y &.otuat1ag the 
push button on the tup of the relay. 
This relay oan be reset just onoe, if 
the relay tripe again, leave the syf:item 
"OFF" for the duration of the flight. 

It' our :UIDil.etel"~:, "'l::ie for eaah ~ :·":", - · 
nor, axa J..coated co the alllllleter v.;:,l•: 
meter panel, and indicate the ourron~ 
output of the generators. l voltmeter 
mounted on this panel and controlled t; 
a five-position switch oonneota the 
v u 1 tmeter to MA.IN BUS (normal poli t 1o;.. 
or to &IJ1 one ot the tour genera ton. 

1~-----

Vol t.p 
ReluJ.a tor M.AAU.~ 

;"Ver18 
Cvrrent 
C1rou1t 
Breaker 

l 

I 

I 
u 
I 

Dwr I 
. ~~p . . 

I llal,v ------....''· Jl l ·-L-U• -~- OW : I : 0 

·----------~--·-----~-·-=----'"-~----••-•a-----1 



A gas tm•birie M ·u<! Ut.r-;r power un!t, 
complete with t\J•) 3'SC <Hnpere renerator1 
and two vultagfl rog,Lilit.c.ra 1 ie instal­
led in the tail cr,ruJ.:t..zt.ment of' the alr­
oraft aft of thra P"e;i;<'tiT!! bulkhMd. 
This Wlit i 8 ru 11_y ooL. ~ ( :ltl<l ran:'! ir..· 
oludt:Hl "'·! r'·"o'·'"'·'"" ~ 
oormeot i;)ns , .F\ul.l. 1. 

1.s suppl itHi tc th"~ •. 
craft, The uui t iJil 
horsepo\o/el' at a;~ 1·: -' 

!lorn:.?.! rated p(•.H;, 
\Ji tL t\wJ. o . . ...:.<;, 
en, 5 jJ.Jlll1dS p6r· 

Ar1 i.ns tJ', 1r:w · 

m:.;Lu.;ed j n tLe ;,, >. 

· ?'lnt.ri.oal power 
.... t~ dt·~ 

. • " l. ver up to 84 
6oOO RPM. 

. ' .,}XIIllit'' 

( v~ .~4,~k!: ~· <+ ~,,.;:" 

· .. r trol ~1 11 
l.<tStJiitht ad-

jaoezrt. to the n&Tiiator' 1 1tat1on. In­
atrl.llllllnta indicate turbine •Diine RPM, 
oil taperature, and acab\Uition obaaber 
tcpercturea. .A warnillg Haht illUIIl­
natea whenever oil pre11ura drape be­
l.i,)W a aate operi!lt1n&" range. Generator 
r,mtpnt il i.mio.tth ~ 'rr1 two ametere a.M 
~. ro.l't:n.et.•r .. Contt;l. l!!t.:itr:<:~i'!l are pro­
Vid~ ~:or· :.:t<>,l.'ti.lii ~too t~'(;opp1J\•I the 
unit. 

Optratign 

Control of the unit 1e ~u:tc&t~.tic. 
1natru:r:ti>>J t.£. t 1 o:n liS limited to a mtc ~­
imum ~nd tbOi.<l.d be aloselJ' acnitorod 
while atarti:oa th.e unit and oheoked 
periodioallJ' during operation. 
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The CTFi .. 

un Lhtl fontani ·"' 
mu!St be 1n th-t ( 

1 • Check t h<i t 
¥'.J1tchea locu; ;"· 
head panel ~aJ:·., ··~­

th~ airftdl ,i,. 

tr.e heat•r c•:·· c ·•. 
»ition thr h•;ri~. 
BATTERY• or;,,;·!-'·· 

cernal pcrwtr "'' r·. 

u 
c:xcept 

,.'; 

CkJ n.:..t <H 

1 li• t'j po1.J.: r 

ic:er sw1t:~.h ·,; • 
.-.·e operati<>:: .. , 
'>peo!d, 

Alt! 

APU f 1."' ·. ,, , . 
Heacl!; .~ .. -
Hail• ho;:;i\;. 

At rL.1' 

APU "· '·''F 

the heacer f1c<: 
.Ju;.iliary p."'.~ •. : 
,li-~S81\\t ~ i~. \. < 
•e;.t button , 
~ontrol panel. 

-. Tht: Al~d :-
t f I. t 1 s bel 

\II 

:' 

<.,-< , , , l l ,!'..r~r'-8 Euf f i.e 1 ;:,.-.. r 
ltl,)io to1· t~iUc:.·.;c<~ ~~O(;x· t<.> open. 

'L 1 Kwltch ON untll oil prea­
tng light goes OUT. 

,. -.. ;-~,;,,, •. ~;·;•)uld r..:n and show a 
:.,,:n:a<F~ ;n ·~l'i ':"'P.,. :. .. ty cy-

;.;;•:.:>~:1' • ing as a starter 
·· :-cintJ'" ;>e-r.!od. 

• > ~ "'' ~1·-~..,.if ... ~~ 

,~, 

l,...._~'-"".t.;.~t'!{/!'~-..t>;-

·"'rcent 
',. :,l ,,n·e.au,:·if · .. 1arntng 

ct ~1:h~n :o ·~cord~ 
,,~,. .·.r;,ikr~· turea abo•ie -35'.)C 

... .,. ~.-,>' ni•· 2 rn111utes at colder 

WARNING 

it comi>uation chamber tt!lil­

"'-la{;e E"o(~:eeds )00°C. 

, ' .. - ,_,, ' ,,.).D.,.:;;;, ut ·><~annup time, 
. (,,.. g<::·•·tft#t:or swtt·.~tl on the for­
·\'f·rh,~· S\·;!t··t~~ p.s:.n«l tn t~N. 

'·'"' V'. u:::•~ MPH tna1 · 
.. ,, ':1 7-F!:rti.J 



dov·· 
1 

•• 

rl:lli'G~ 

Ofsr. '. : 

wait 5 m '• n' ·; 
MASl't:fi f, ' < · • 

aL: tnia\;(, ., 
in os.!Se ot' 

,1 

'. 

d:i\..<t;l~ .;:')0~-:.'!"~i 

:_ "'',.,;i.JU6 il Lllt~.l ~ .. -:t 
r.' "'.) \/L ..;r• ·;. the unit. 

'" ·.A;. :."s.4·y JXJWel· w:d.t ~ 1 
··,., .;.,<:;u~ o:.t·~~ to b., opened, wa.i~ 

t::. · •• 1., J 0 '""'·;jt;r:dl irl n·N~er· 

r·.t ".l;e ~' ~ :~<iA.!.lce door-
.... l.oee. 

\ 

~ ~ ' ' ! ~ 

' 

i! i' i • \l.' ~ PI;!\,., 
J lrl' 

·o·~:• '~1~id/j /! 
t~:~[~:~~· 

' ' 

:,• 
·"" 



ro 
led tn B. o .!!!li'-' "' · · 

rack. fheae lh ~, • 
ting currt<,nt f, ·: 
e1eotrcn1 \; ~- .· 
'~'•Pl,ll r-s 

phtiSG A'· p 
2250 1/A. ,J 

tion ia 111 

o:..rcuit brM 
in the n;R j n J 
llreake:' s !u P. 

o ai t bn>.<d,.t. r 

'fwc (h·:;;. 

verter;> rc1·"', 
overheud },;uL-, 

RADIO" and 
three podH 
STANDBY, 

The 11 ~1.l!:V' -;·: 1 

tn t,h.:. NOD:'F' 
-"1c:·J..'1lll~1 !n·v·f.,, · 

1,ht3 a1 ~·crft ~-, 
61Uifl!it1Hl. 
iu the !LRM.:t . 
o t her ru.' l':'Il1n .L 
'tf, the. IL<,_dt;.r. 
'wben ei tha~· ~ r ' 
;)':'ANDBY poe; H ~ 

l:iLlpplies fK> -, · 
The awi tab~? e :>, 

lookod ao trlh.t ,~ 
ur ttR.AUAhtt a\..:/ tt 
tu 3T.A1-iiJT1l. l 

iltj (J il ~ 1./ 

Au t><ll!l. 
j11cent tc t· 
tl'(J 1 s /, 

~-, 1/fl-t1t 1 vl f:..andby t~te:p­
-~=.r ~$ ~ngtru; ir!.~":.J.Tll~~ 

. -,q_,,_, ~ ....... :ut~ ... , pro­
,.:· ;''~ ~ 't<.HI t tb"' 

. I J) 

~ £(n ~:, 

tit.~{ 

~ c~ : zLlt!c:u.m~at~i 
j~,~ I yj,Bt.t<~U1~tl;tt, 

.v· {"';;·,~- ~C' ,~~·Ut t2't"! ...... 
-<. '" 

-·,,;.,.:"'~ ~~ .. J. L~'~l- ~-t~e 

'~!~~·~;·;'''·'-" inverter 11 wtallid 
l<>f'7 C'f th~t pDct '1 

.~'-~~'··t' '· flch;r JevBl, It suppliea 
·., I\! ~.r :;o'~.ter tc tb.ti 

~ ~--~t -~ ~-t~ L~~c~ Gpo 

-:_~ ·~·· $~'>L~i1' t.-,.,.)~' 

'f' ~ ~~i: t~ c 

'" : ~-,,''Ill', ~-d [,tt~ ]' 

'·'"' •· ' t 

, l~ , '• t~o~·, t \<if t'::· 
J'. ·::. ',: .. : i'i,;,;ro}':~ ;;., 

. '4i:.(~~,lt:·\ 

,.XM<l. \fti ~ t 'c' 
~~'111 ~J;tp i.n · 



; '.;!! ~··. 



The life ot tht batte~, when 
operating the emtrgen~t~'" inverter 18 
approx.i..matel.J two and - hal! hOW' I. 
.Ul AC operated engine inatrUMnta are 
inoperative. 

C i,rouit Breakora 

Three 15 ampere oirouit braakers 
a.1•e looa ted on the buU:tuM~i t;~h1•u U«~ 
pUot and protect th• l.L {)'ltinl't. of 
~oh main 1nruter, 'l:h~ r.c.o oirauit 
breaker• in tbe DC input oi~ouit 
of the emergeM}' inV'6rt ~ ··· :t.Yll> looa.t.d 
in the eaergenoy imr~r 1 

2-14 

power syetu ill.ci iii§ i "'· t:"'-~ .,.,_, th~ 
right band jwll.otion bo:,;. ;o.m~., 

Tran.ot'Q!M£1 

Two trana.f'ormer1 located in the 
main jw.-llt1on box are uaed to reduce 
the 115 'Hllta, 400-GJole J.C power, to 
26 volta, 400-a,role J.O power tor oper­
aticm of the 26 volt 1:w-..in'Untl. 

A 'houaehold -tJp outlet 1.11 i: ,.,. tal• 
ad in the three l&triMI tor elAatrloal 
ah.avera. J. Tibntor-'tJPe ;;:-ow.r 14-vq 
turni•h•• power to tbe ra1og ~~tl.t1. 
Th• power auppJ;y· oircLli.t to ",l--.. Tibra­
'f:.or h oontroll~ bt a relay in the 
Joia in Junot.1on BoX lett bard annex &lid 
11 eneraiud. to' pllJ&~inl in the eleotr1.c 
razor whioh oa&pl.tea tha ground o1rou1t 
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The l anJ l .. 
.;onsists of a 1-'' ·, 
each gear, a red "; ·''- · 
light and a wan.L~ 

The three p o ~. ! t 1 ·:. 
located on the main 1·1"'." 

,:r·e 1 the landing .'\" ,., l · 
:T\iHKer appears on th;• \ 

eating the posttio~ of 
gear, When the Lu,,:;·. 

l ,,. 

the word ''UP"will apjn& " 
gear is down and cC!-.i<•. 

an extended gear w'' 1 

Lhto Lime the !'.' '· -· 
?Gsitlon, a stripe 
"Barber Pole" pns\'1 

Whenever <'.•1'>' 

in an ir.tel."mt:ro1 

liijht will illu" 
is located on th~ 
panel, below the , . 
perature lndlcatar~. 

!. - l tl 

l' 

" ': :1:•·,: i1orn and tut-Ort .........._ ... &uiL--·--··---,..,._----

··!". horn rnount e(l t··:3ck of the• 

,,, automatically sounds 
__ .. ~.__; .. l i. -~ s :.·t.:ti:irdttl ?.-;td the 

•"" .· j ( • '- po~;1t!::Jn othc~ 

; hf' event 
,. 

.,< Dv .. :3ing Lhe land1n~ ge•n ;.•~: · ~.·,g 

' n·:-, ,.,, r off '>witch on the control ped-

.., 

z" ~.: -. ··~ i ~~ p>eaaure con~ ;:"O~ 

-~tc·:, bel ~y compartment door 
·:, .,, .. ·Joo;cs are: (l). L:Jwer· 

Fu,>~e l age A::cet~i10nl 

t- -r ·lf ;· .. :-::; .• o•r,d 

: '',: ; ' :;. l r s c 2 b in and cock p i t 
;:.,;;cion Th?s~ doc>rs are: (l) 

, •. ,~:ird !'\~'~.o. (2) Upper Rear 
: ,·; -:r:<: lwo Entrance Doors. 
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A retJ""'· L•:_, -~ , .••. , !.~: in 
stalled ln th.:• unJ<:r&ide ,,, <:_d.:h P;Jtt>• 

wing panel !1t>E'r 1:,,~ ·~,·.c;:;~n" 

Each light has ll s•.;IUh ::cd:rolllr•~ 

extension and :retx.P.cU.;;, Bild er• OfF-
ON filament switch i":· 1 I.;,J;' c; ~~~--·. 

be turned on ir. to.:: <l::, :' ,_.,, 1 ~ , . 

position !.f d;:i:····• .. : 
maximum airspeec. 6' 

lights may be ?A! 

The nav lgflt !o.· 
(1) a ~re<:11 !;,11' 

tip, (2) e red ~ 

tip. ()) Lift >l't·h·,• 

the tall co .• .:: \,,~ 

: \:'F ( ~'i ng 
·.-i!lt" llRhr. on 

d whl ~(: 

1 tght l)ll th., : ;' ~"'" c i ti: 

fuselage. . .. . i L>:·~ :..nnt tc. l e·l 
by a thr-ee r· ;;;, ,': , . ~ .. J, u:h on lhe for­
ward overhead ~w!t<h pant!i. Theswttch 
poa i t ton a are STEAD'!' , OFF and FLASH. 
When the switch \" pi uc~d ! n the FLASH 
position, the wing tip lights and the 
white tall light fl "~~' ON Pnrl OFF tn·-
gether·. Tf\.,, krl'--, • ,. .l ll ' 

and th~· <~n:be; ,, , 
ON and OFF tof~:~' r:hr:: ~c·. 
f~:om the other i \.;,;-. 
1.1ht te fuseL<olF,e 1 :;,t-· 

ON poslt\on 

NCHl 

b;_~ · :1 ;_ t...;·;:_ rz.J ft-.< I)· 
-~·::v·.~·Mpd t~H: 

•• .·': 1 :< ! r• th.: 

Regardle!'ls of ~..:o~c~; t lght sequer:cF 

is flashing, a fai ,_,_ 'n. 'l'>ht< 

mechAnlllm motor wi 11 (f'MUi' in '' :>CI:'t:i'iY 

illumination of rh~- ';!~,,~. tlr· ' ;:~,, "" l 

: rui l d OfF-i.lN s...,i. rch locat,,d 
,.n t·• '' fr•tw·:n·d ovefilea•J ,;-,~~ tch pane; 

:_lumination Light~ 

,J:r45, illtl"'!ination i.ls.:'" ute lo­
···,··:i ;:>:1 tl'!?. ::·,.,_,!,,_'!<::Just forwRrrl 

.:-;a'· 1-~.b 
- t'': ~~a r, ~ .... 'Hi f r~"Y'fi 

of e& 0~ wing. The 
·'""" 1·: ~ ·:, is 

r·~J. :.-cr' b·~· . ti orr :~_.:~V- -:.·-~d t., ... h ~ 

.__)v~rh~ad pdrH'-l. 

c:on-

. .,, ~- .J!t Pfr,et·gene:y dorne \.L. 
<Ju: ;·cnvi,.r;>d in ~he cabin CP!ling. 
:'11!::'!·~ <t-re c;,-mtn)lled by an lmpact 
'·-'' •<:r'! on the aft right side of the 

,,, errt.r:H:r"t rartit.~on A 7,~~ 

,,. riry '"'ll pi.Ywer suppi;: lu located 
-"~ right main junction box annex. 

A test awltch is located on the main 
cabin switch panel for checking the 
system. 

:J:,•c L·-b\. 1\;-: :"d a::Li··COl~isio:· 

, !gl.: ls l.oca~:ed or, the top of the 
.. ,. :-;,_-.;d st3\->'llzer for better night 
,?cn,:;nltlon. Thls light operates on 
28 '!ol ts DC po1o1er r~nd Is controlled 
hy (he n;wigAtiMI 1 lght s'Wltch which 
Jhou 1 '.i h!? in the STEADY position fc:· 

:;: :·r. Pr1me .d Hoc~:~ C];Ttlit:& -._, ............. _____________ ...,._ ·~ .. =~ .......... _,___,_ 

the whit't' l1ght 1c 1 _3.!" t ''\J~ :--~:~b~-~ ar-- ~:!u:~rtt ~·,:1 pn tht! 

Taxi Lights 

A s e H 1 e d rw "'" 
on the nose xe · "! ~. ' ; .i 

r~:~ t;v,:::tec:.d ~:.:n~l ~ !'he t~ngtr';..:; 

c·'; :o1· s,_,. tch must be !let to t:!h' 
t 1 :c·. 1 1 t {~ ~, ~-· t n~ s t a r t c d , 

• '! ~;t-J~ tr_~;--, d•}H r: 
Th c ~~ ~- ~~ r t ~: r 

:..:..t:~l'"'t.t.:;:t ~.wl C._t"! 



The st~J;rt~e;;. ~>l.·J~;, "nd i~nt i: lc,n 
b.ooat contn'l ,·h·~"·<'.:•. d:e pn-.tected 
by one control circuit breaker on the 
main circuit brt!'.aker po1nt-l. In the 
power circuit l<h:llted within each en­
gine nacelle "J 11 box, a 200 ampet·e 
current limiter protects the starter 
motor and propeller deicer circuits 
ror each engine. n•e entire power por­
rlon of the circuit, ln~luding the 
propeller auxiliary pump circuit la 
prot~cted by a 500 ~~~ra current lim­
iter. 

In the ignition boo;~r 
induction vibrator for L'l 

ia located behind thllll t···· · 
the overhead switch po~: 

t rcuit, one 
four engines 

"'""itch on 

The engine prime eiYcuit conaista 
of one prime I'Witch ~.) ai 1 four engine 
primer solenoids th.n.u~h thl! ulector 
awitch. 

I J 
( . 

swnat 

·-- AD.IUSTING 
100 

S TlliT FUI:I.l' 
COMPIIIIID 

f J 1'9 11'2 IN<:HE~ 

/ YO OPIIIAYI -Jl /ADNU SWITCH 
• WHIN ffiUl IS 

Ill fiHDIO TO 
I · I /8 INCH fHii P'OIIliOH 
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SfiUf PUUY ..... 

A safety solenold pr~~~nLs the 
landing ger.-r control i.evf'r from be1r>g 
moved out of the DOWN position while 
any load remains on the r18ht landing 
gear. When the aircraft leaves the 
ground, the safety solenoid ls ener­
gized al 1 l)Wing free movement of the 
landing gear control lcvPr. A ftn-
!'.er hole in th~ .:onlrul p~destal cover 
penni ts manual release of the sol enol d. 

These switches provide an automatic 
means of controlling circvtta. 

The. left gear strut switcr; controlat 
(a) ground blowers, (b) ant1-sk1d braku 
and (c) allows uninterrupted alrfoll 
heater operation In flight. 

The ri&ht aear strut awltch controlaa 
(a) the landing gear locking solenoid, 
(b) door pressure warning, (c) cabin 
pressure control valve whenever the 
cabin preesurlzatlon system control 11 
in the AUTOMATIC position and (d) the 
anti-collision light. 



l. AlRtAAF i A.i"L 

a. Loc.:_~tc·'-\ t .. -~~·;;:\J •. iJ lugbag~ 
compartment. lllilizr,_, nr1e generatrJr of 
175 amps. l.ent!L"T:·_,, ,:y·,trul. a'-il.t·:h 
on the API.! cant rc; l i"··o>.h! 1 . NM. 
deatane~ to oper~f .. , 

ill n~ic... ~,;cl fmm 
12 tank. 

a. Ral\~ci ot -··· 
b. M.uy t-.. 

53 sertea. 
c. lhrv~:rs_, •..• '~·' rr;,J I~Y set 

to trip at lS-): 

a.~ 1r.w ~ r. nnd one emergency 
three phase lauerters. 

b. A and C phases are conductive 
wlth I phaae ~ounded. 

c. fiw DC power input circuit 
breaUII!ra () FQH!l tH<d 7. control) locat­
ed on. t.M ~· d:rr·.•h breaker panel. 

d. ·sii ~~:..: po!4('r u . .ttput circuit 
breakare, on. inverter c1 rcu it breaker 
panel. 

e. Yolt11ae ehadq 115 + 3 volta 
on C phase.· -

f. Two ~ together inverter 
switches, !'hi! a-.dt<.'hes hev,r, thrE-e 
positions. 

> \ ( i 

VEkSliS 

L • 

rll'709 two Kener1~rr~ ¥~-~d at )50 
Ittnp~., c;L:ne:"g ,-,-:· :--:~0tri)l ~ .. .._,itcht.:~s in 

~-~ ~·11&~"~:~t·., ::~·D?i~~~, ~~~•"<::r!ltor 

~ ( ;'I ~ }'~J·) l ~ 't /~ ~ > {., :"(<-;. 1 g f: f- 'i[)t~ :r 8 ~ :f_• 

,.,i'" /.-. J ·:'3! J : : !. des.. !-: e c. e t ~.· .... ~ t :ron: 

13 ma1n tank. 

1.1. l.;<\d at )50-400 an1ps. 

'' ti, '.' lnter~hanged with 51 
··:e :" ~ ~& 

1-ii~V<'.nn current relay set to 
t.rtp i:t () .. '3) amps. 

3. tN'/ERJ:'ERS 

&. Three main and one emergency 
three phase inverters. 

b. A and C phases are conductive 
wlth B phase grounded. 

c. Five DC power input circuit 
~reakers (1 power and 2 control) locat­
ed on the mA 1 n ci roo 1 t breaker pane 1. 

d. Six N:. power output ci rcu i. t 
breakers (3 switch type and 3 push but­
ton type) located on bulkhead behind 
pilot's seat. 

e. Voltage chackJ 115 ! J volts on 
A and C phases. 

f. worequency cl:H:>~lq t.oo !'_ 2C c; 

,~les, al. ~Min inverters, ?.rll":"rgency i: .. 

verter frequency check with selector 
switch ln RADIO position. 

ft• Two main inverter switches, n" 
R"''JTC! :Mitch 1s th~ ganghar type. 'rtw 
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a. 
b. 
c. 

series. 

On e u sed f d r t h <' d" t o p t l,, t • 

Located L1 ltw n~llt h,Hld .il:iH<'X. 

Ct~n ht' interchanged ~<Jith tht! '.i) 

'>. LIGHT SWITCHES 

a, Anti collision light switch 
l.,,~ated forward of #3 lind #4 propel 
ler feathering button. 

b. Taxi light awitcL located tor 
~ard ~~ OJ and #4 pruptlL~r feathering 
bL t _l1{1 • 

,·, \oiiltjl, luminatl,it: wheel well 
ll~ht ~wlt~hes located fut~ard of fl 
<hid 12 prupeller feathenng bt1ttons. 

b. COCKPl r LIGl!Illi:i 

Flood type uaad tot .l}t) xnutru­
mcnls and panels. 

Afl 1-U 11 1'MMMIOM AJI114UI. 
Afl1·17616 ntaOUiaH All1·17 .. 1, 
AUl-17667, AND Afll-11661 

I ... 
Section"-

l'iiA> t. Ai IAPTlcRS 

.l. 

\ .. 

On1. ''·'"d tur U1.: <;utup1lot. 
t '· .11 .,(1 in th~ right hand annt:;o,.. 
•.' t\\ iJ, i11terchanged with the 'il 

·~ t J 1 l l '' • 

a. Anti colli··!on light automatic 
w1tt1 'L• l,; .. tLm l1.'\t1t.<; in sLeady po-

1 n *' ·,,: , . . :~ ~.. . ~ · '-· ! ~ :~:: d n1 ... - srr:-.n ~ !'t:; 

light ~~o~itche'-1. 

c. Wing lumination snd wheel well 
li~ht swltch~s located adjacent ti· 

se,;t bt'lt and no-sllWJking lit: ,t switches, 

(i,:l''-df' t ;·t'" u<>ed for all in.'itnJ­
ment,; ai\d pHnels. 

AfU-3123 n•ouott AfU-3221, 
AU3-l230 THIIOUGt4 4fS3-32l9,ANP 
AU3-3241 THIIOUOH Af$3-3305 

lll_,l~tmiW~III 
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C-118 INSTRUMENTS 
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Chapter l 

INSTRUMENTS 

?anels 

The main instrument panel extends 
the full width of the flight compart­
ment and is divided into three sec­
tions. The left section has the 
pilot's flight instruments, while the 
right section haa the copilot's flight 
instruments. The center section con­
tains the engine instruments. 

In the ceiling is the up~er ins­
trument panel. The upper instrument 
panel is primari~ a liquid quantity 
indicator panel. To the left of the 
upper instrument panel is the heater 
control panel, which contains the 
heater tamperature and fuel pressure 
indiaatora. To the ri1ht of the upper 
instrument panel is the oabin pressure 
control panel, which has the instru­
ments used durins cabin pressurization. 

Still in the ceiling but above the 
copilot 1e the AC-DC voltmeter panel, 

which allows checks to be IDBde of the 
AC and DC power systems. On tile t..pper 
portion of the AC-DC voltneter panel 
are the two indica:ors whl.ch .~re used 
during cabin tempe~ature cont~ol. Just 
aft of the AC-DC voltmeter pnnel is a 
small bracket oontc.ining the super­
charger duct pressure gage l:l.nd E.:. fre­
quency meter. 

A small instruruent }ctncl 1s located 
on the right wall ~ ust .:'0rward uf the 
copilot's seat. This p~nel oontains 
the hydraulic pressure, emergency air 
brake pressure and oxygen preJsure in­
dicators. 

Aft of the cra1-1 entrance :ioor is 
the navigator's st~~tior ..... tc-1e U.e 
navigator's table ~s th~ ~v1gator 1 s 

instrument panel w~th a~ ulr~~eed in­
dicator, altUneter, co~pass a~ o~tside 
air temperature gage. Also luoated at 
the navigator's sthtion is the GTPU 
control and instrument :panel. 

'-' / ... 
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MAIN .INSl~lJr,1[NI PANfl 

J, AlJ/1 IADIO MAGNiliC INDICATOI 121 
2. COUIII INDICATOI 121 
I. VOl IADIO MAGNmC INDICATOI 121 
4. A·12 COMPASS HEADING IILICTOI 
I. TOIQUEMITII 
6. OIL PIISSUU INDICA TOI 
7. IANOI INDICATOI 
I. IADIO CALL PlACAID 121 
t. COMPASS COUicnON CAID 121 

10. INVRTR WAINING LIGHT 12 1101 
11. AIISPIID INDICATOI 121 
12. DlftcnONAL INDICATOI 121 
1~. AmTUOI IHDICATOI- H-5 121 
14. aoac 121 
1 J, MANPOI.D PIISIUU GAGI 
16. CAIIUIITOI All liMPIIATUU INDICATOR 
17. OIL TIMI'IIATUII INDICATOI 
II. OIL PIISSUII W.....O LIGHT IIIIDI 
1t. ALIIMITII 121 
20. 1\IIN-AHD-IUP INDICATOI 121 
21. VIIIICAL VILOCITY INDICATOI Ill 

AMM[ll H V!lllMII[I~ PAN II 

.3-2 
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22. AUTOPILOT FUNCTION SWCTOI 
23. TACHOMETER INDICATOI 
24. CYUNDEI HEAD TEMHIATURE INDICATOI 
25. FUEL PIESSUIE INDICATOI 
26. ELAI'SED nME O.OCK 
27. IADAI SCOPE 
28. RADIO ALTIMETER 121 
29. MARKEl IEACON SfLECTOI >WITCH 
30. ADI SYSTEM WAINING LIGHTS IIEDI 
31. ADI SYSTEM PIESSUIE INDICATOR 
32. GEAI AND PUP POSITION INDICATOR 
33. LANDING GEAR WARNING LIGHT IIEDI 
34. OUTSIDE AIR TEMI'tiATUIE INDICATOR 
35. FUEL FlOWMmR 
36. fUEl PIESSUI:E WAINING UGHT 11101 
37. WAIINING LIGHT DIMMING SWITCH 
38. AIISPEED CORRECTION CARD 
39. COMPASS CONTIOU.EI PANEL 
40. TIUE INDICATED AIISPIIO PlACARD 
41. ANnSICID SWITCH AND INOf'IIATIVI UGHT 

••• 
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Pitot-Sta~io Sxsta~s 

The two pitot systems supply r~ 
air pressure to the airspeed indi­
cators, The pitot tubes are mo~~~ed 
on the left and right sides cr the 
fuselage forward of the windshield. 
The left pitot system is connected to 
the pilot's airspeed indic~tc~. ?he 
right pitot system supplies the cc­
pilot1s and navigator's airspeed ~n­
dicators. 

7here are two static syste~s 1~ 

the C-118 that provide the normai 
atatic preuure, Each static ayste:':'l 
haa two static vents; one on each 
slde of the fuselage, forward cf 
the flight compartment. The two 
vents of a static system are inter­
connected by a "b&lance line" to 
minimize the "::urn error." 7he 
normal static systems supply static 
or still air pressure for operatic~ 
of the airspeed indicators, vertical 
velocity indicators And altimete~s. 

The lower static system is con­
nected to the pilot's instrument~. 
The upper static system suppl~es ~he 
copilot's instruments, navigator's 
instruments and pressurization units. 

An alternate st~tic source is lo­
cated inside the fuselage aft of the 
rear pressure bulkhead. The alte~­
nate system can be used in the event 
of failure of either the normal pilot's 
or copilot's system by operat~ng the 
proper static selector valve ~ocated 
to the left or to the right of the 
main instrument panel. The autopilot 
altitude control unit is always con­
nected to the alternate static source, 

Both the pitot tubes and the 
static vents contain 28 volt DC heater 
elements to prevent icing. All he~ters 
are controlled by one switch ~ountej on 
the upper instrument panel. Maximum 
ground operating time is one minute. 

Suction :3 

:.- ~;-., pitot-static heaters are tW'ned 
::-..flight they should be left on 

:· --~- '::.n~ remainder of the flight as thb 
---~~du:e prolongs the life of the 

Airspeed In4icatgra 

7~~ airspeed indicators use both 
:: ::~.:::t and eta tic preuura, The pilot, 
~he oopilot and the navigator each 
~ve an airspeed indicator. 

7he three airspeed indicators arc 
~~e~tical and are k~own as maximum al­
::..::·.Ja":le airspeed ir.cUcatora. The red 
.;.::-.:! "-'':~te striped pointer indicatu the 
~~~~ allo~able airspeed at all alti­
-::,:.;_:! .. ~. This striped pointer is re­
~~:-i:ted by an adjustable mechanical 
::"::.-.:- to a IM.ximum of 330 knots and ~l'i 

'-~~~.:::r..'l7.ically gover:1ed by an aneriod 
1 ·:·..:: j_irJcage to lower the allowable air­
:~· eec limit with increased altitude. 
·:>:..s feature is known as the MACH set­
:~~~ and is adjustable. On the C-118 
~.::e netting is .625 MACH. 

7c show indicated airspeed the in­
:'!i.cato:- ha.s a white pointer supplemen­
~ "'~ .. 7' a horizontally rotating sub­
.-~:·.:... The sub-dial is graduated ir. two 
~::-.:: i!l.CrElments for a finer reading of 
-:.!;e ai:::speed. The sub-dial m. ... ::es one 
c:~~l~te revolution for each 100 knot 
c.~:.:.::-...;::e of airspeed. 

AltW.etere 

The altimeters use statio pressure. 
:·:::Ae are installed on the C-118, one 
eac~ ~or the pilot, copilot and navi­
~ato:-. After the correct pressure set­
ting has been selec~ed on the ~r~etrio 
sc~le or KollsiM.n Wlndow the pointers 
vill indicate the altitude of the air-

One setting used is called the 
''altimeter setting" and is local bar­
:~etric pressure reduced or corrected 
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to sc,j l e~ · --, 
me':::cr- sc:~!7"".-:··· 

haronetr:c: - _, 

cated altitude," No:--:;".~ly t.he 
wi 11 use "indicated al t.itude," 

The second setting is 29.92" H;;:. 
When 29.92" Hg hag b~en s~t. ir.to ::he 
barometric scale, the ~ointer~ wi~! 
indicate "pressure altitude," ''P.res­
s<.;re altitude" is the height of the 
aircraft above the standard refere~~e 
datum plane. "Pressu::-e alt.itt.:de'' 19 
used for cruise control work, ove-::­
water navigatior. a:cd n::-ess'.i:::-"' :l'3t:<>-:-:­
f:ying. 

Note: The maximum rdlowable Rlt!."i<:>::­
error is plus o::- minus 75 Eee~ 

indicated. 

Differential Pressure Ga~e 

On the cabin pressure control ~a~el 

is a differential pressure gaae, whi~~ 
is two altimeters in one case. 7he 
"A" poi:-tter indicates the altitude of 
the aircraft, and the "C" poir.ter s~ows 
cabin altitude. A scale fastened to 
the "C" pointer and calibrated in PSI 
is uncovered by the mc·,eme:-.:: c: ~ ~€ ""-" 

pointer to indicate the differe:1~:al 
pressure exlstl~g between the outside 
and inside of the aircraft. 

Vertical Velccity Indicators 

The pilot and cooilot have vertical 
velocity indicators. The i~dicators 

use static pressure, and indicate ver­
tical movement of the aircraft iG f2et 
per minute, An adjustment screw ~or 
zeroing the pointer is located in the 
lower left corner of the indicator. 

A third vertical velocity indicator 
is located on the cabin pressure control 
panel, Vented to the cabin, this indi­
cator shows the rate of change of cabin 
pressure in feet per minute. 

;1.Jo dtrect reading dual manifol::: 
·.:-P';<>u:-e indicators are mounted on t:--' 
c-c::<~.er section of the main instru:nen: 
?P.~el. The gages indicate the abso­
lute or~ssure in inches of mercury 
w1th1~ the engine intake manifold. 

Four purge valves, located bel~~ 
t~e main instrument panel, provide o 
means of clearing the manifold pres­
sure lines of foreign r:\atter. P·-'rgl:c;.. 
'-noui.d be accomplished at prefli~h: 
~or a: least 30 seconds, The en~l~! 
~~~auld be at low RPM and tht: mar::- . 
~-Assure less than the static pre"S.Y 
1"1 the cockpit. 

An abnormal manifold prusur<:: l· · 
dication for any given RPt-l r.-.ay ir·:l:- : 
e~gine trouble, gage trouble 8r ~ ~~~ 

:n the instrument line. A cross chf 
· .. ·::h :he torque pressure, fuel f::y..; 

~~Linder head te~perature indlcatnr~ 
~tll assist in determining which lq 
defective. If the other indicators are 
indicating correctly, a malfunction of 
the manifold pressure indicator or a 
leak in the line is probable. 

Tachometers 

':'he two d\.ial tachometers n.re ~OU;'.~­

ed r):~ ~he center sect ion of ~he :"".a 1 r-. 
!nstrument panel. The tachom~:te;.b u~-., 

~?erated by four heavy duty tachometer 
generators, one on each engine. The 
tachometer generator output varl~s ~~t~ 
engine speed thus controlling th~ l~d: 

cater motor speed and the indication. 

Each tachometer generator su;.pllea 
power to its re3pective tachomet~r in­
dicator and to the propeller synchro­
nizer. Two guarcied ON-OFF isoh.t:ior. 
switches are mounted in the bulkhead 
aft of the pilot's seat. The isolati0n 
switches are useu to disconnect the 
tachometer generator output from the 
propeller synchronizer in the event ot 
tacho~eter system trouble. 
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The GTPU tachometer operAtes on 
the same principles as the engine tach­
ometer. This indicator is mounted on 
the GTPU instrument panel. It is cali­
brated in percent of RPM. The two 
dials' and pointers allow the indicator 
to read up to 1101. RPM. 

Springed Instruments 

The springed instruments are four 
clocks. There are three eight-day 
clocks and one elapsed time clock. The 
eight-day clocks are mounted on the 
pilot's panel, the copilot'• panel and 
the navigator's panel. The elapsed 
time clock is on the copilot'• panel, 

Direct Reading Gages 

The hydraulic pressure gage is 
mounted on the hydraulic and oxygen 
instrument panel. It is connected to 
the hydraulic system downstream from 
the relief valve. Normal reading is 
2650-3100 PSI. 

The emergency air brake presaure 
gage ia mounted on the hydraulic and 
oxygen inatrument panel. The indica­
tor is connected to the system be­
tween the air pressure cylinder and 
the air metering control valve. Nor­
mal reading is 1000 PSI plus or minus 
50 PSI, ~ 

The copilot's oxygen preaaure gage 
ia also mounted on the hydraulic and 
oxygen instrument panel. Thll gage 
shows the pressure in the system used 
by the copilot, navigator and flight 
mechanic. The pilot's oxygen pressure 
gage is mounted by itself on a amall 
bracket next to the pilot 1a interphone 
control panel. The charged ayatem prea­
sure is 400 PSI plus 25 minus 0 PSI. 

The two supercharger airflow rate 
indicat~rs are on the cabin pressure 
control panel, These indicate the pres­
sures at the flow control valve of each 
cabin supercharger. A cabin supercharger 

Section 3 

duct pressure indic~tor shows the pres­
sure existing in the preasure alr ~~ts. 
This gage ia mounted on a small br~ket 
aft of the AC·DC voltmeter panel. ·.,~~~ . . ~. 

Thermocouple Type Thermometers 

These indicators use thermocouples 
to produce the electrical current nec­
essary for operation. A thermocouple 
is a junction of two dissimilar mate­
rials which when heated rroduces an 
electrical current. Thf current pro­
duced ia very small, and no current pro­
tection is neceasary. 

Thermocouples as sensing elements 
supply an indication to the left and 
right wing heater temperature indica­
tor and to the cabin and tail heater 
temperature indicator, 

Another thermocouple temperature in­
dicator is the duai GTPU combustion 
chambers temperature indicator mounted 
on the GTPU instrument panel. 

28 Volt DC Thermometers 

The thermometer• which require 28 
volta DC power for operat·ion arez 

4 cylinder head temperature 
4 carburetor air temperature 
4 engine oil temperature 
2 outside air temperature 
1 cabin air temperature 
2 cabin aupercharger gear box oil 

temperature 
l GTPU oil temperature 

The cylinder head temperature in­
dicators are on the center section of 
the main instrument panel, The tempcl·a­
ture bulb is mounted in Nr 2· cylinder. 

The carburetor air temperature in­
dicators are on the center section of 
the main instrument panel, The temp­
erature bulb is mounted in the carbure~ 
tor air inlet. 

'j-7 
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The engine oil :~e::<p<e:·"'-; '- L·c 
tors are on the cer.::~:: se..:.. :.0·:. of tt 

main instrument panei. 7he tP~~erature 
bulb is mounted in the "?ee" fitting be­
low the oil tank and measures the tem­
perature of the oil going. into the en­
gine. 

One outside air temoerature indi-
·r i~ mounted on the center section 

of the main instrument panel. The 
second outside air temperature indicu­
tor is on the navigator's panel. The 
two tem?erature bulbs are mounted ou~­
board of the battery compartment on },(·.~ 

sides of the aircraft. The left bub is 
connected to the main instrument panel 
indicator and the rlgh~ bulb to the 
navigator's indicator. 

The cabin air ten:;.: .o;.un: indi­
cator is mounted on ~he cabin tem­
perature control portion of the AC-DC 
voltmeter paneL TtH? cahin air tem­
perature .bulb 1 s m:::,;.;~ed next to the 
thermister. 

The cabin supercharger gear box 
oil temperature indicator is on the 
upper instrument panel, The bulbs 
are in the low pressure bridle of the 
superchargers. 

T.1e GTPU oi 1 temperature gage L 
on the GTPU instrument pnnel. The 
bulb is in the oi 1 system of the GTPL 

These indicators require 28 vol:s 
DC power for operation, Whenever power 
is lost they will automatically move to 
:1n "off scale cold" position. Voltafoe 
nigher or lower than normal does noL 
affect the accuracy of the indication. 

These instruments are protected 
by circuit breakers on the main circc1t 
breaker panel, The 4 cylinder head 
temperature indicators have 2 clrcu~t 
breakers, with 1 and 2 engines on one 
circuit breaker and 3 and 4 engines on 
the other circuit breaker. 

Sec U on J 

f,.Jnt:ec:."''j \..u t:,e dGJu~n.ing circuit 
' ,, f: ~ :. ·;: • ~ ) .J n d 4 L. ", g i :1 t:: c • 1 t ernp ( 1" -· 

.·:._,~;;; H:,ii< •.. :.;:;rs, 3 dl~.d 4 carburetc:;: 

.d;: :·emp,;ra;:.ure indicators and both 
~upe~charger gear box oil temperature 
indi:-atnr;;. 

Connected to the next circuit break­
er core 1 and 2 engine oil temperature 
i.n,j· .... 1tors, 1 and 2 carburetor air tem­
perature indicators and both outside a1r 
tereperature indicators, 

:he cabin air te~perature indicator 
!~ cnnnected to the cabin ~eater control 
r.lrcuit heater, 

The GTPU oil temperature gug~ is 
connected to the GTPU fi ;·e warning ci r­
cui t breaker. 

28 Volt DC Liquid Quantity Gage! 

-:'hese are often called ''Llquid­
,:"~·'d''i11 and have float type transmit-­

.• r~ mo~nted in the various tanks. lne 

.>perational power is 28 volt DC and the 
~ntlre group is protected by 1 circuit 
breaker on the main circuit breaker 
pane 1. 

• ·~Ll-lclng fl~ld quantl~y ln­
::li .. ' :>r is on the upper i:~strument 

:J:o.;,,_.J. 'J'he transmit~er is loca~ed in 
i.'H· 16 gallon alcohol tank whicr. is 
:-: .. JU'1ted in the right wing f i lltt at the 
tr~illng edge of the wing. 

7he hydraulic quantity gdg~ ls Gn 
•he upper instrument panel, The trans~ 

m'tt~r ls located in the 5,4 gall~~ 
;,1unwil.c fluid tank mounted in the hy~ 
draullc compartment, 

There are 2 dual water-alcohol 
(ADI) quantity indicators on the upper 
t :\o.t rument panel. The transmi t~ers 
a~e located in the four 10 gall~n wa­
ter-~l~ohul tanks mounted in the en­
gine nacelles. 

3-9 
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..... mding Gear and Wing Flap Positllln 
Indicator 

fhl~ indi~atur r~quir~s 18 volt 
IX: l'owt.-r, It has lls own c.:ln.:uit 
breaker un the main circuit brcttkt!r 
p:mel. The indil:ator 1s 011 tht: center 
section of the main lnatrument panel, 

The landln& aear portion of thla 
.nd~cator conalats of three drum type 
.nd.cators, Theae are actuated by the 
.andlng aear up-lock and down-lock 
swi~chea •• the aear la moved, When 
~h• gear la up the word UP la vlalble, 
If the gear la ln the down poaltlon a 
~lEZL is displayed, Anytime the gedr 
lli not up or down or lnatrumt!nl power 
ls not applied a striped area called 
the "barber pole" is llhown, 

The wing fl~tp portion of this lndl­
cat.Jr is a singl~ flap-like dtvic~. The 
flap indicating device i~ actuated by a 
Lransmltler loc1:tted in the lett flap 
w.:ll. The transantlter is <.:OOII(·cted anl'­
..:hantcally to lhc flap. Whtu DC powl·r 
is lost the flap device dio;.Jppt.tr;; and 
the word OF~ appears, 

:l6 Volt AC Ins t rumn1ts 

Ttte,;e are often called lhe Hag­
nl!syn in!llruments, Tht! AC power for 
operation is auppli~d by either the 
AAIJlO-£Lt:.:CTitiC or the S1'ANDB¥ inverter, 
A!l the inverters produce 115 volts AC 
f)JWer, tranafonner11 are required to 
at~p the voltage down to 26 volt~. 
The two t ranaf ormers, a to«lRMAL and a 
STANO.BY, are located in the MAIN Junc­
tion Ho~. A 6wltch on the forward 
overhead panel 111..1st be used to ~elect 
the deYired transformer. There are 
t~o fuses on the risht hand anne~ of 
the Main Junction Box which protect the 
ll) Volt AC power input circuits lo the 
tran:;forml!rs. 

The 26 volt AC ln,;rruments ot the 
C-llH an~: 

:1- iO 
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4 t:algine tlld prt:s"url.! llldicatorl:l 
4 ~nf>ln~: oil prl',;~ure indicator~ 

t. wul~.:r-al cohol (ADl) !Jrl'!isure 
1nd1calur->, 

4 turqul:' (UMJ.::P) pressure lndlc~tors 
4 fuel fl,>w lndlcat,>rs 
2 cabin sup~rcharser all pressure 

indicators 
4 heater fuel pressure indicators 
1 mlxlng valve position indicator 

The engine fuel Fres""rt! \ndicatora 
are on the center 1ecuon ct L:J~ !Tidin 
instrument panel, The trans1nittl'r·s are 
on the right aide of en~lnc a~ce~~ary 
aectlon on the en&1ne mount, '!'hey anJ\ 
connected to 11 E11 chamber of the carbu~ 
ret or, 

The engine oil pres~ure indicHtors 
are on the center 1H:ction of the maln 
lt\strument panel. The tr.ml'imitter ilil 
on the englnt: 1nount on Lht.! rlght side 
of th<: t'i1~1ne. lt 1~ connected to the 
oullt:t ·;ldv of ttte IT\tiln oil pump. 

Tit~: w.aLvr-,dcolwl (ADL) indicators 
ctn· ,d !:;,.> ·"l liw c~:nt~r -;~:~t ~011 of the 
lll<il!l 1ra:-.t. rument pun~: 1. They are in 
llw t!llf.'.iue accessory St!clion on tht 
tl~ht h,md enMine mount, These are 
curml'ct~:d to the AOI re~ulator, Wlth 
ADI swltchc~ OFf a pre:~surc rt!ading 
of 8-12 PSI l::i nonnal. A rapid drop 
tu lU~ pressure lndicatr;s a leuk In 
th~e ~ystt!m, 

The fuel flow lndicdtort~ urc on 
the center flection of the main instru~ 

mcrat panel. The transmitters are on a 
bracket above the generator, The tranll· 
mitter is ln the fuel line b~tween the 
fuel feed valve and the fuel control 
unit, The systl!m indicates the amount 
of fuel soing to the engine, 

The torquemeters (BMEP gages) are 
on the center section of the maln in­
strum~:nt panel. The transmitters are 
on the ldt s\de of the engine nose! 
section, The transmitters are connected 
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t,J the torque oil pressure pump. 111e 
lndicators are calibrated in PSI. By 
multiplying the PSI reading by the RPM 
and dividing by "K" (283), the brake 
horsepower can be determined, 

The heater fuel pressure indicators 
are on the heater control panel. The 
transmitters are in heater accessories 
container. They indicate the pressure 
to the heaters as controlled by the 
heater fuel regulator. 

The cabin supercharger gear bo'( oil 
pressure indicators are on the upper in­
strument panel. The transmitters are 
located on the rear firewall of Nr 1 anri 
~r 4 engines. The pressure indicated is 
chat within the low pressu~ .. bridle. 

The cabin temperAture mixing valve 
P•Jsi t ion indicator is on the cabin tem­
perature control panel of the AC-DC 
v::>ltmeter panel.. The transmitter is 
mounted on the mixing valve. The sys­
tem shows the position of the mixing 
valve in relation to ports A, B, or C. 

The 26 volt AC instruments are 
protected by fuses, which are found 
on the right hand annex of the Main 
Junction Box. There are 5 fuses. 

Each of the fuses protects a group 
of instruments as shown by the chart on 
page 3-11. 

These indicators and transmitters 
dre essentially synchronous motors. 
The indicator rotor to which the point­
er is attached maintains a position re­
lative to the rotor of its transmitter. 
The rotor of the transmitter is mov~d 
by a mechanical device reacting to pres­
sure, flow, or position movement. 

The pointer of these indicators will 
tend to remain fixed, when electrical 
power fails or is turned OFF. Suspected 
electrical power failure to an engine 
instrument group can be quickly checked 
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by fl ici<.ing ::ne :.,.<•)':.• t:r ;:>·~:.f) : ,_,; , .,,. 

affected engln~ QN and OFF wh~.e ~~­
serving 'the fuel pressure indicat:or. 
Other met~ds nf checking for power 
failure are cha~ing a power setting 
and observing tuel flow indication, or 
changing the mi¥ture control and ob­
serving t .1el flO)oJ indication, 

-::--~-H:: ~t!rr."ionds elec :r.Jnic 
:::a:ing syst~ms are.~seJ · 
fuei and oll quantity. A f 
shows the total fuel load. 

. ' . .{ ,'; t l . ':' !. ;:-. -
.. , c ate 

' ~iizer 

The systems use.ll5 voi .. single 
phase AC power L-om eit!"ler ~- .. :tA.DlO­
ELEC<'RIC pr th>t STANDBY : :1•. er':: : .. !:'hf~ 

sy~tc~ns: ure prot~c-::ed by fuse:~ 0n t~hc 

rr.ain fuse panel in the right ~,,.nd Mtcn: 

of the Mat n Junt t ion. Bell';. ~'.:;;; :r of t: he 
fuses proL~ct the MAIN dnd A!-T fuel 
quantltv indicators and the OIL quanti­
ty tnd1caco for ~ach o~ ~he cn~lres. 

The FUEL WTALIZER has an l.n;J.ivl.dutd 
fuse anct tne AUX OIL quantity indicator 
has an individual fuse. 

The advantages of uslng this type 
of indicator are: 

There is very l!~.r: Prrn;· ~-

the indication due f:;' r;:mp~'r· 

ature. r:hang<:s, 
), The:rii. 1:.n: no nov\.:-,,, ;;";·t:; tn 

the tan~ \\r:~rn (~o ~.,tick or Jai:-,~ 

t+" Th~rc i a tt P1i niau ... H~· oi. pv1:-".t.t~: 

rnover;u:nt due to the \ ~ :1w t d 
s to~h ~1..g ("\;;· chan.g.-:$ ... :,:· B i ·.r-.. :~·,.·' · 

at tt tt,de. 

The indicators are mounted ,;n the 
upper instrument paneL There dre 9 
fuel quant~ty :ndiu;>;~s \11-..iud!ne; !:' ,. 

fuel totalizer. There are S o1l quan· 
t 1 ty ind'1cators. The indicators are 
callbrdted in pounds, Insld~ Is &n 
electric motor, tt•rnin.g in response to 
signals from the tar,k units. The motoc 
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drives both the indicating po~nter and 
a wiper on a potentiometer. Thus, as 
the motor rotates the indicating point­
er to indicate the new liquid quantity, 
the wiper movement is also balancing a 
bridge circuit. 

On the upper instrument panel is a 
test switch. When the switch is placed 
to TEST, the bridge circuit is changed 
to correspond to an empty tank. The 
pointers then move counterclockwise :a­
ward empty. If the switch is returned 
to NORMAL the pointers will return to 
the normal reading. This is an opera­
tional check and not an accuracy check. 

There is a bridge calibrator for 
each indicator. The bridge calibra­
tors are located overhead in the for­
ward part of the forward baggage com­
partment. These bridge calibrators are 
used by instrument personnel to adjust 
the accuracy of the system. 

One amplifier is used for each 
indicator. All are located on the 
fourth shelf of the radio rack. They 
take the weak signal from the bridge 
circuit and amplify the signal until 
it is strong enough to operate the in­
dicator motor. The amplifiers are in­
terchangeable. 

Nr 1' and 4 main tan~s each have 6 
tank units. The remainder of the fuel 

The t an k ~· -· i •: s a r t' : 2 : " .J " -;: .. -. :. •· ;-' s e 
and are sometimes cc:lled p~·obc.s. T'...;o 
concentric cylinders cro~iied ~a ths~ 

particular tank extend fr~~ the :cp .u 

the t..!0'::tom cf ·.~~ ta~t~' R~d f:JrT-- :h~ 

plates of the co~~e~sor. 

As t: he d \ r 1 e•.: t r i c c "'" s ·:a:>: ·". : c· I 
or a i l !. s ~j r e.:::~. - t h a-; +- \ ·< ~- of ~,_ 1 r • 

v a r i e s •..-.7 i ~ r, the a:: .... : l~ r -, ~ _,_ .__: :- : : : 

in tt:e lank. This u~·.rnlai·.:c: · :,, ~ld~.;,e 

circuit and ·.~auses c ~u:re~.t ; ·N t· 
the ampli:'!E:r, r:,e C:·! "!1~ L• .);.; 8G'.• 

plifii'C m:d applied ::_· :-,,~1:, .,r 

motor. The Lnhalance cu:: ... 'J( s ,>·:~ 

cu-r-rent fl8ws Ll:tt i l ·-:: ·,t: i :.::.-:,·:.t:_,_­
moves to ~;-·:e ~he ccr~e,:t ,·-d:;:ci 
As the ~:-~d~;ca:or :·--.,·lt.LJr ~-,....,\ 1.} :;;c-

d 1 C a\'. i 11g pG J n t e !' d v.' i:<' r \ ·, ' l :>' ' " :, d 1 

b :--~ : .·1 n ·~· t : 1 g ~- ~-~ e h r i d g e , · i r c: : i :. ~ •. t : : 1 t ~; t~ 

next change i ~\ ~ u t: 1 0 r o ~ l i. c v t! ~ , w' 1 ~~. 

the above process Is Jgain ~cpe~:cc ,.­

the bridge circuit balancec. 

The TOTALIZER sys·~erT .·. :'\·;: o:·. .~:. " 
·totalizer bridge, Em ampl!:!t~:· .--1 •;c 

indicator. The syster·; n• ,c, t :,,. ~:·LJ. 

fuel aboard L; pounds. r:-:c ,,~.;:. : ~ 

t.J the tctdlizer sy~tt..:;.: t..; '"':~t .. _! ·~ _: i ~ 

result. The OtJerati:--t~; ;·,;-\. •.;;,r· t .,. 

same i'!S the individu.l l·" · ·· 
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Flight Gyros 

The pilot and the copilot have a 
turn and slip indicator. These indica­
tors require 28 volt DC power. Each 
indicator has a circuit breaker on the 
main circuit breaker panel. 

Both the pilot and the copilot have 
an 11-5 attitude gyro indicator. These 
indicators use 115 volt, 400 cycle, 
three phase AC power. The power is norm­
ally obtained from the RADIO-ELECTRIC or 
the STANDIIY inverter. In an emergency 
the power can he obtained from the 
C:MEHGt::NCY inverter. 

The three phas~ output of the in­
verter reaches th~ indicators through 
two fuses for e ch tndlcator. These 
fuses are on the: main fuse panel in 
the right hand annex o( the Main Junc­
tion Box. 

The H-5 attitude Kyro indicator is 
self erecting. The erection time is 7 
to 13 minull~s. When up to operating 
speed a ''winking 11 flag that ''winks" 69 
times per minute ls visible on the in­
dicator face. The 11-5 attitude gyro 
h.1s a he;tted beael or cover glass, 
which is hot to the touch. The purpose 
of the heated bezel is to prevent fog­
ging of the cover glass. 

In the event that the normal DC 
power system fails, flight gyro opera­
tion can be obtained by the use of the 
EMERGENCY INSTRUMI::NT POW.ER Mm INSTRU­
MENT LIGIITit-C SWITCH. This switch is 
on the forward overhead panel. Placing 
the switch to ON sends DC power di­
rectly to the turn and slip indicators 
from the battery. At the same time l~ 
power is sent to the EMERGENCY inverter 
from the battery. Operation of this 
switch has also set up the AC output 
circuits so that the H-5 gyros will 
receive the output of the ~~ERGENCY in­
verter. The gyros will operate for 
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approximately two and tlllL'-half huurs, 
on fully charged batteries. 

S-2 Compass Systems 

The C-118 hu 2 separute S-2 Com­
pass Systems. One system supplies the 
pilot and the navigator with a direc­
tional heading, while the second syKtem 
supplies the copilut w1Lh a directional 
heading. 

Both of the campus~ sysLems require 
115 volt, 400'cyclc, singlL· phase AC 
power and 115 volt, 400 cycle, three 
phase AC power. In add it ion both sys­
tems require 28 volt DC power. 

The pilot's S-2 Compass System is 
supplied 115 volt, single phase and 
three phase power by d ther the RADIO­
ELECTRIC or the STANDBY inverter. If 
there is a failure of the normal DC 
power system, the pilot's system can 
be connected to the EMERGENCY inverter 
by using the switch on the forward over­
head panel. 

The copilot's S-2 Compass System is 
supplied 115 volt, single phase and three 
phase power by either the RAOAR-ELI::CTRIC 
or STANDBY inverter. It cannot be connec­
ted to the EMERGENCY inverter. 

In both systems the three phase AC 
power is used by the Directional Gyro 
Controls for gyro stability, The single 
phase AC power is used in the sensing 
circuit, The DC power heats the fila­
ments of the amplifier tubes. 

Both systems have 2 fuseR apiece 
in the three phase power supply. These 
fuses are on the main fuse panel in the 
right hand annex of the Main Junction 
Box. The DC input circuits are protec­
ted by 2 circuit breakers on the main 
circuit breaker panel, one for each 
system. 
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The S-2 Compass Systems start with 
the Flux Valves, The Flux Valve for 
the pilot's system is in the left wing 
tip. The Flux Valve for the copilot's 
system is in the right wing tip. As 
the earth's lines of magnetic flux pass 
through the Flux Valve, the magnetic 
flux creates a signal, The Flux Valves 
are fastened to and tur~with the air­
craft, so these magnetic flux lines 
pass through at different angles, 
Thus, for each position of the aircraft 
relative to the north magnetic pole, a 
definite and different signal is cre­
ated, This magnetically induced sig­
~al is sent to the Amplifiers, 

The 2 Amplifiers are on the main 
radio rack. Each Amplifier receives 
the magnetical b induced signal from 
its Flux Valve. The Amplifier strength­
ens the signal until it is strong 
enough to operate a motor, and passes 
the signal to the Directional Gyro 
Controls. 

The 2 Directional Gyro Controls are 
in the hydraulic accessory compartment. 
Each Directional Gyro Control contains 
a 3 phase electrically powered gyro, 
which will remain rigid in space unless 
a force is applied. The D-irectional 
Gyro Control stabilizes the magnetic 
indication to free the indication from 
northerly turning, acceleration, and 
deceleration errors. In FREE GYRO 
operation the Directional Gyro Control 
serves as the sole heading reference. 
When the amplified signal from the Flux 
Valve reaches the Directional Gyro Con­
trol, it is applied to a torque motor. 
The torque motor is used to "slave" the 
gyro to a position corresponding to the 
magnetic heading of the aircraft by 
applying a force against the gyro. 

At the time the system is first 
turned ON, the "slaving" ra_te is ap­
proximately 90 degrees per minute, if 
the misalignment is 7 degrees or more. 
As the gyro swings to the proper po-
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sition, a gyro signal device sends 
back to the amplifier a cancelling sig­
nal, which slows down the "slaving" 
rate as the gyro nears the proper po­
sition. This "fast slaving" rate will 
also take place when aircraft power is 
restored after an interruption, After 
the initial "slaving", the "slaving" 
rate-is 3 to 6 degrees per minute if a 
large misalignment occurs, For small 
misalignments the rate is smaller to 
give a smooth compass ~ndication. 

Mounted below the gyro is a second 
signal device connected to the Re~~at­
er Indicator. This device sends out 
a signal corresponding to the posltl~~ 
of the gyro, 

The pilot 1 s S-2 Compass System has 
2 Repeater Indicators, one on the pi­
lot's section of the main instrument 
panel and one on the navigator's instru­
ment panel. The Repeater Indicator for 
the copilot's S-2 Compass System is or 
the copilot's side of the main instru­
ment panel. When a signal reaches the 
Repeater from the Directional Gyro Con­
trol, the indicator motor moves the 
indicating pointer to a position cor­
responding to the gyro position, 

Both compass systems have a Compass 
Controller Panel, which ure mounled on 
the lower edge of the left and right 
sections of the main instrument panel. 
If a magnetic heading is desired, the 
toggle switch on that panel should be 
placed in the SLAVED GYRO pos\ticn. In 
this position the system will continue 
to show the correct magnetic heading 
no matter how much the aircraft turns, 

In areas where the magnetic indi­
cation can not be relied on, the switch 
should be placed in the FREE GYRO po­
sition. As long as this position ls 
used, the magnetic signals are dis­
connected from the gyro. This means 
that the compass should now be used 
the same way as a conventional direc­
tional gyro, To set the gyro on the 



c-.:._18 Sec:ior. 

---r 
'--· 

" '~ 
~ ' / 

;. 

I 
) 



C-118 

desired heading while the BWitch is in 
FREE GYRO position, use the SET HEAD­
ING-FREE GYRO knob on the Controllet 
Panel. To go up-scale place the ~nob 
to INC and to go down-scale place the 
knob to DEC. When the pointer has 
reached the desired heading, release 
the knob which is spring loaded to 
return to neutral. While FREE GYRO 
is being used, the random drift of a 
conventional gyro is present and must 
be compensated for by the pilot. The 
random drift of the gyro varies with 
a maximum of 8 degrees per hour. 

The Controller Panel can also be 
used to preflight the S-2 Compass Sys­
tem. After the system ha3 synchro­
nized to the correot magnetic head­
ing, place the togale switch to FREE 
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GYRO. Next use the SET HEADit«;-FRIE 
GYRO knob to move the Repeater off 
the magnetic heading a few dear•••· 
Then set the toaale switch back to 
SLAVE GYRO. The Repeater should "llave" 
back ~o the maanetlc heading. Repeat 
the above proceea except for movlna 
the Repeater off the maanetic headlna 
in the oppoalte direction. 

On the Controller Panel ta a SYNC 
SIGNAL meter. The meter indicate• 
whenever the gyro is being "slaved" 
and so acts as a "quick" operational 
check of the system. When in FREE GYIO, 
if the SET HEADING-FREE GYRO knob la 
moved to INC the meter hand movea to 
the right and if set to DEC the meter 
hand moves to the left. 
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Chapter 2 

THE E-4 AUTOMATIC PILOT 

General 

The Air Force E-4 (Sperry A-12) 
Autopilot will automatically maintain 
a desired flight attitude. The Aut::>· 
pilot Gyrosyn Compass System through 
the E-4 Autopilot will keep the air-
'craft on any selected heading. Th~ 
E-4 has a barometric pressure altitude 
control which will maintain, within 20 
feet, any selected altitude. 

By using an eleve.t::lr trim tab servo, 
in addition to an eh. ator servo, the 
E-4 offers automatic compensation for 
changes in weight distribution. Be­
cause of this feature, any time the 
autopilot is disengaged, the aircraft 
will be in perfect elevator trim. 

Smooth coordinated turns using the 
autopilot flight controller are easily 
and consistently accomplished, as the 
ratio of turn in degrees per minut~ to 
the bank angle is automatically coordi­
nated for all airspeeds. 

Automatic app.,Hch equipment i,· 

connected to the E-4 Autopilot. Whe:t 
this equipment is used, the autopilot 
responds to radio signals and rr.ain­
tains an on-course flight path con­
trolled by the localizer and glide 
slope radio beams, 

Power Requirements 

The E-4 Autopilot uses both 11 ~ ·.10; r 
single phase and 115 volt three phase 
AC power. The single phase power can be 
obtained from either the RADIO-ELECTRIC 
or the STANDBY inverter. While these in­
verters produce three phase power, in 
this case, only "C" phase (single phas,:) 
power is used by the autopilot, The AUTO­
PILOT fuse is located on the AC fuse 
panel in the right hand annex of the 
Main Junction Box. 

The E-4 Autopilot uses three phase 
, ... ,, power in the Autopilot Compasa Direc­
t'Jnal Gyro Control and in the Autopilot 
Vertical Gyro Control for gyro stability. 
rherefore the single phase AC power is 
converted to three phase AC power by 
~he autopilot phase adapter. The auto­
pilot phase adapter is located in the 
right hand annex of the Hain Junction 
Box. 

The E-4 Autopilot also uses 28 volt 
~: power. The three autopilot circuit 
breakers are on the main circuit break­
er panel. These three circuit breakers 
protect the TIJBE FILAMENT, INTERLOCK 
anti SERVO GENERATOR CONTROL circuits. 

• 
The interlock system will prevent 

the turning ON of the aulopilot unless 
the proper power is available. 

Location 

The Vertical Gyro Control is in the 
hydraulic accessory compartment. Tnis 
electrical gyro co~trols the ailerons 
•.nd elevators when the autopil0t is en­
gaged. 

VERTICAl GYRO 
CON':"ROl 
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The aileron, rudder, elevator and 
elevator trim tab servos are in the hy­
draulic accessory compartment, All 
servos, except the elevator trim tab 
servo move the control surfaces. 

UEVATOR TIIM T AI SHVO 
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The B-6 Amplifier. on the main 
radio rack is the autopilot amplifier. 
The B-6 is also used to connect the 
Autopilot Compass System to the auto­
pilot. The B-9 Amplifier (Approach 
Amplifier) on the main radio rack con­
nect~ the automatic approach radio 
equipment to the autopilot, 

·-· 

AUTOMATIC APNOAat 
AMPLINI 

GYIOPILOT 
~ 
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The Servo 8cc:t;:"c.J.. Hotor Cfe!lu.::.to:" 
is in the inverter compartment. The 
signals from the B-6 Autopilot Ampli­
fier do not have auffioi.ent power to 
operate the servos. The Servo Gont.,.~ol 
Generator aottng as a power generator 
delivers the required power to the 
Servos. 

-~~~ 
;~·-:.: I ) 
I I , ::'-,.____ : /-...._ 
t/ t II /,~ ----# -~ 
.I.\ I /' I. ;~l\ i' ,.,.1 ,~ ·---\~ 1 t'f~w' 
~ ~~ ~~ 

SUVO CONTIOL , :::,_ 
MOTOI Gf!NEU. TOR 

AUTOMATIC APPROACH 
SELKTOJI 

Section ;, 

All ot the E-4 autopilot control 
units are in the flight compartment on 
the pedestal. An Autopilot Controller 
turns ON and controls the autopilot. 
An !utomatic Approach Selector switch 
.ts used to connect the automatic ap­
proach radio equipment to the auto­
pilot. The C-llB aircrart have me­
chanical engage-disengage levers. The 
levers are spring loaded to both the 
engaged and disengaged position. 

NDISTM CONTIOUH 

MICHANICAL ENGAGiNG 
CONTROL LEVElS 
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Autopilot Compass Syate.n 

For directional control, the E-4 
autopilot uaes a compasa system. The 
Autopilot Compass System operatlna 
principles are similar to the S-2 Com­
pass Syatema discussed earlier ln Chap­
ter 1. The Autopilot Compaaa Flux Valve 
ls in the right wins tip. The Direc­
tional Gyro Control is in the hydraulic 
accessory compartment. The Autopilot 
.B-6 Amplifier is used to amplify ~om 
p•s• aignals, rather than t aeparate 
amplifier aa in the atanu.rd S-2 Com­
pall Syatem, The Autopll~t Compaaa Sya­
tem algnala are used to ~ontrol the 
rudder aervo, 

The Autopilot Cou,pau Systam u~i>es 

both single phase an4 three phase 115 
volt AC power, plua 28 volt DC power. 
The three phase pow~~ 1a uaed for ayro 
stability and the 11l.11~ l.t phaae power 
is used in the aen•L•g circuit. A.. re­
lated under a•Jtopi >.Jt power, the At; 
power comes from either the RADIO-IL!C­
TRIC or STANDBY inverter. The AC power 
comes through the AUTOPILOT fuae and 
the DC power from the AUTOPILOT FILA­
MENT circuit breaker. 

Anytime the DC pcN~r io ON and the 
inverter is ON, the Autopilot Compaaa 
System will operate. The Autopilot Com­
pbs& System operates regardless lf the 
autopilot is engaaed or not. 

Besides furnlahina the E-4 Auto­
pilot directional control, the Autow 
pilot Pilot Compaaa System ia also uaed 
as a reference source for the Radio­
Magnetic Indicators. There are five 
Radio Magnetic Indlcatoraa two for the 
pilot, two for the copilot and one for 
the navigator. 

The compass heading from the Auto­
pilot Compaaa Syat .. ia aent to a C-1 
Compaas Signal Amplifier located on the 
main radio rack. The compaaa sianal is 
amplified within the C-1 Amplifier and 
sent to operate the "carda ~ or magnet 1c 
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dials of the RMI's, At the same time, 
magnetic data is fed from the Autopilot 
Compass System to the "do•nut" needle 
of the Course Indicator (ID-249) on the 
pllot•a panel vla the C-1 Amplifier, 

rn~ C-1 Compaaa Slsnal Amplifier 
una ll:) volt, lingle phaae power ("C" 
phaae only) from either the RADIO-!LEC­
!RIC or the STANDBY inverter. The power 
1~ f~d to the C-l Amplifier through the 
';'iftfASS REPEATER fuse located on the 
AC fuae panel in the right hand annex 
of the Main Junction Box. This COMPASS 
UPIATER fuae and the AUTOPILOT fuu 
comprlae the two autopilot syatem fuses. 

'ic' c •! In the event that the COMPASS 
REPEATER fuse should fall, the 
entire Radio Magnetic Indicator 
;;rrrb'e inoperative as the C-1 
Ampllfier furnishes the power to 
both the "cards" and the ''hands" 
~he Radio-Magnetic Indicators. 



\...• ... 

One !eatun• :t th~ E-4 !dopilct is 
the i.ntcxlook trYf.~t'!lll. Thi.a f!Y!'!br; pre· 
vents tha turning ON c.f the s.ut0":L:c,t; 
unless the correct procedures bav~ 
been followed. The qstem. will aJ:::·J 
turn the autopilot OFF, 1!' improp' · 
procedures are attempted during a ·. · 
pilot operation. 

To turn ON tb.a autopi.lr.rt 
lowing condi tiow:: ... ~"t exist· 

1. Proper power ; . r. be a.w. ilb. (; ·~ t 
the autopilot. 

2. The powe:- l~',_ s :.. ~:.:/'.) ~)tH:;1 . ): 

least 2 min•ltH.3. 

3. The eng~>..-;:. .i.l:''iars sho•~.W bt' i.n 
the DISENC~k . ..t· ;:. ~i.ticn. 

4. Tho ; .,1: :: •. ,: . -.; ol A:nol.i must bt· cer; ·· 
tered. 

5. The automatic e.ppr~ch switch m•.lst 
be in the AL~OPILOT position. 

Section .3 

For autopilot operation, fir1t 
check that the condition. lieted UDier 
7"".terloc.IC: System have been met. Seccmd, 

~m the aircraft to tlJ 'hands ott•. 
: ··.·.rt move the 'l.utopilot control IWitoh 
t;) '1DN". Then check the autopilot ailual 
::Bters for leu than one (1) needle 
·--·~ dth deflection. FiDe.~ place the me­
. ·;ani cal engaging levere into the DCUGI 

p(;sitiond 

When on autopilot, the aircraft 
p:. +.:~h a:lgle can be changed by rotating 
€': ',her of the pitch control wheels on 
u·e 'lides of the autopilot controller. 
· .·· ·~-s. te towards the nose for nose down 
>' ;. ;·;.,tate away from the nose for nose 

. , These pitch control wheels are in­
' :t'[:tive when the s.ltitude control 

· -~ tcb is "ON" or the automatic approach 
. . ";_ t.:::h ia on "APPROACH• • 

To turn the aircraft with the auto­
pilot, use the turn control knob on 
the top or the autopilot controller. A 
coordinated turn is produced at all air­
tipeeds. 

'>'~lr o1ff_itt: JfrRmltR · 
"' ., -· ....... ' ,.,. > 

Turn C ontx· oJ Pitch Control Wheel 

/ 

Autopilot Control Switch 
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The aileron trim control knob be­
tween the two switches of the auto­
pilot controller ie use4 to trim the 
aircraft when on autopilot. 

With the autopilot engaged, move 
the altitude control switch on the 
right aide of the controller to "ON". 
The autopilot will then maintain a 
constant barometric pressure altitude. 
If the autopilot is diaengaged, the 
altitude ·control ewitch switch will .n.&:; 
to "OFF" at the same time. 

The altitude OQ.Ut.tol owitoh muat 
be turned "OFF" prd.cr to oh.aniin& the 
static source selector valve switch 
to the alternate poJ~ t. t·m. Failure to 
do so will result iL .n abrupt chana• 
in the attitude to th• limit of 6 de­
grees. 

The three autopilot ai,nal meters 
on the autopilot controller indioate 
by the deflection of the pointer that 
the autopilot-is correctina. ! con­
stant deflection of more than one point­
e: width indicates a::-, cut-of-tr1.m con­
dition. The proper procedure il to 
dis engage, retr 1m m.'ir:.ually, and re­
engage. 

The autopilot servos are mechanic­
a~ engaged by manual engaginc +ner a 
on the control pedestal. The three 
lovers have two positione, "EHG!GI• and 
"DISENGAGE" and are normall1' operated 
as a single control. An interlock 
system prevents turnini the autopilot 
control switch "ON" when aey aervo'is 
engaged. Disengaging the elevator en­
gaging lever while the altitude control 
switch is "ON" will automaticallJ.return 
the altitude control switch to the "OFF" 
position. 
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. AlHOPil Ol M[CHA~~l ENGAGING I !'Vf RS 

The first disengs.ging procedure is 
to move the mechanical levers to "DIS­
JNi'r!I1E". The servos are disconnected, 
but the electronic units continue to 
opcoate. 

Another way to disengage is to press 
either the pilot's or the copilot's 
autopilot release button on the aircraft 
control wheel. The autopilot control 
switch will snap "OFF", but the engaging 
levers will remain :ENGAGED. Ma.nuall1' 
~~en the levers to "DISENGAGE". 

The last disengaging method is to 
turn off the autopilot control switch 
on the autopilot controller. The 
autopilot engaging levers will remain 
in "ENGAGE" and must be manually dis­
engaged. 



-

'J'; 
in SectiG'' j' 
~~·'il!~ -~> ' .. l ~ ( '-

Prtor to atte:r:rrptL~ auto.tll.':~'Lt•' :; ·,> 
proaoh, the pilot should ,_,h~.v.:r f::r· 

1. Auto:;;LL.:~~ ., r:i··:AC:r..J.l 
2. A1t 1 t ~".ft.:'; .. -- · .~ .t ~ .l. P:.ll.~· 

3. 
switch 

4. 
- ON 

5. 

Au t01:c:" t: . 
- .AlJTOPU. · 
The instru. 

The APPH!..l.4\ ; 

Do nc• """ 

: ' 

,;.\.' .·· .:: ... '. •(" 
.s.~·:f;ft.)A,. !"t 

;::·.~:cr ~-~j.'-

When over t:;, ~ :, .. ::.; m,u h6r· cq;>.o. 

reduce airspeed to l/~C imota, One r · 
ute a.fter crc~::>i:r;n ":"" ~"hJ" r'~!'k-:'· 

bound make a eta.r-,_:rt ;: ~- pl'~.,:;..·;~ut·~, ~ .1 r ~: 

using the autopi lL ~ '.un• centrol kno~l. 
The altitude st:-;u.Jc ::n'· "-q·r~ .. x1TruiteJ;:; 
1500 feet abov~ Llv. ru.nway. Thb spet<~. , ,c 
held at 140 kno~s, '-".<:~:Je R"N is 210~'~ 

Section J 

;• f~>-::~ ,, :Jtandard :i:LS procedure 
f"" h;hcu.nd heading is norma~ 

··H t'f'•HJ from the localizer heading. 
flr the automatic approach equip­

llows the aircraft to approach 
~oali~er beam at any angle up to 

·'.·:a,reaa from the landing heading, 
, n.~~ tilll'l inbound heading the p!.lot 

·;rJ~?> r-tutomtl. t.!o approach selector 
~.c<:ALIZER when the vertical 

, d t.he Course II\dicator leaves 
• F. tops. As the aircraft approaches 

·· .~, · ontfn of the localizer bee.:u, the 
·r<>ecl 1A HUl continue to the center, 

· ·• ;.1hc 1t, u;d then return to center. 

·••pting to correct for this 
. +, by using the turn control 

... ,. •,d U slectrically disengage the 

Jhen the aircraft is steady on the 
a lizer, watch for the glide slope 
means of the cross pointer indi-

.. ,. <r-·;-, When the horizontal bar 3hows 
':.n dots above center, turn the 

."(;n:rol swi.tch 11 0FF 11 • Next use 
·' p.~.:.:l, cont!·ol wheel to bring the 

:nd't onto the glide slope. The 
dropped to 30 de~rees, the 

· :; ld't up, the engine RPM set at 
·1-:'1 the aircraft retrimmed. The 

, ,,,ed should be M intained between 

~c:ltl'u'r,ate ~ethod us3d is to wait 
lne s rcraft is centered in the 

:at::~a:rr t·:.litl. Then set up the ap­
··~"~j·, ,. .. .i':"lfiR'.L~ution. Next turn the 

. ') .>11!.1a co::i r-ol w..ritcll 11 0FF 11 • Use the 
l· · tch ('cntrol wheel to set a nose do1m 

tt~lde eqna1 to the glide slope ane;le. 
.·,1 "'' ta u.au::~.lly 2.5 degrees down from the 
le'J<Z<1 flight n tt itude. Finally return 



As the glide slop0 : '> ~J;ttu·cepted ~ 
l.:;wer the gear. Retrilll tit~:; a troraf't 
ctrlll check the tndi(•ut,J..r ', ma.k~, ~~~:r•• 

the glide slope 1.a being hold. i-.'her:. 
steady on the glide elope, turn the 
automatic approach aelecto~ awttoh to 
APPROACH. If the altitude control 
~l'Jitch is "ON" at thia t.i.rnu_. it vUl 
automatically snap to 11 0FF". ConttuU& 
flying en in, maintain~ .. r.g :h~ 120 IT<• 
airspeed with Slllall po•it~r ;;~;rn~t'l~! 

If visual oontaot or t' rummy 1 ia 
made before the deao.nt -~ ~ltit~~ 
1.3 reached, the autopil•"t ' DlSlNG.!OED 
and the approach if! t)(;,.>;:; : - .. ·' '"" 

'..lhen visL.:Al contact ~-"* i>C.t. ""'"·' ,,,._ -~ " 
tne descent m1t.l.!!t~Jl, ~h ' .... ,., 0!'At b,,,,:. 
the autop1.lot 1a DlS.ZW. ·-"-'' I.'H'!!l ~i-;~t 
pilot flies a stant'l<; ,_. · '";""d -e.~lproa,~;; 
procedure manual..,, 

in ~· Cll.l.i~ 1 Lr::·s 1.11 ,,IJ..:-

ENG.A.GED Within ;_ i' .;Quo'$ of t.hti! ti1lle u.~ 
aircraft paaaea over the middle marker 
to avoid pasainl over the glide path 
transmitter with the autopil~t engai8d. 

This equipment. CB.'.iil..,., :b•• t < 
:o respond to VOR, VAH, t;;.:,i 'l'LCAN r•a1L· 
range bea.m a1gnn.1~ .; 1:0: .• -·'.his ·.Jperati()!\ 
tne p1lot usee the Autoru<:; tic !:pp.roar.:h 
Switch, and the Hfindint ,-,~tlt)(l~;.:.-r ~ r\r}·f~' 

Heading Seltwk! ; ;, 1. '"" ',,;; o;\ t;:'JI 
pilot•s section o! UH; '~ln ~n,H··t~r'~­
pe.nel. 

HIAOIHG SIUClot 
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A~/! ,._w_. Tl(:' 
AP~'IOACH 
if!.ll(l{lif; 

,·, ·,:-:-.··.::·. , ;:·::, .. :- t~~rves as a 
, , " _- 'l t~ . 1" ibu -' rAU <LW:tJ.Ll.f ier for 
"...t::.r. C~yetem. :!.'h~ power soi.U'ce for the 
~JllH'iar ts th~ fJ.l.ltopilot power &fstem. 
·: ;,., R•pt-.a ~ t:;· ~"'pJ..ifh:r i8 mounted on th• 
··;;,;· '~; ~·.,/',' ~ ral)k. 

· ·-:. ".omat1c range operation the 
r · : r· • n moves the Automa tio Approaoh 

;~ to t.he RANGE position. Next the 
LfF'":'/BUJE RIGHT !!Witch is set. The 

'" ,('' ~·u~;;~· POl': a ton i.l" used for OMMI 
, :·A.t.~c~ Bither the f3l,UE LEFT 

_~r:~ !L~(l:i- i;-; ee-~ected fer VAR 
. ; 'i:. \.,):. l!epend1ng on the direction ot 

!'light, Then the Heading Seleotor mu.at 
;,, ~~;;t to the desired h&E>.d~r~. In ut­
t ~ :n;; th., Heading Seleotor the; '!mob in 

•,.·,·q· 1~!'t O~ll'ner is rotated until 
·-~; r,_a~,,r.tl~i it- :Jn the desired 

•,,;:; :ii:""::;l~ needle on the Head-
, !l.jj. '.,, ~v !':U~ tnowa the ma&netio head-
.. ~ -'~ ·.,, , ', :~raft as it is oonneoted 

~ot Gyrosyn COIIp&eB SJatea. 
,.,J.ng.a operation is desired the 

;; ' , '':!c~t e 1i!lo 1.11'Jt the Course Seleotor 
·~:~). ,;_.:; !_:i.lc/l t ?.1 Course Ind1oator to the 
~ieaired CMMI heading. 

t'nce the above procedures have been 
owpleted the aircraft will turn to and 
!! t..i.:.' :;n +'";,. desired head1ng. The maxi­

~~--.£: "'.h! turn tc the heading 
- .,. :l~g-r~~~. 



on witn J '·f'~ ~".' , ·. 

(j (~ ~ ,~~T: • : ' 

p~deat-<t1 · 
troll:il' .. 

' ... 

B.. 1·"1 }~ ·~rr: ~- _.:_.:)'3f;.ted .tn Vl;f~ 

tical st~.:.L1J lz·r~ .. 

f•' 

ewitcli'. }c'·'' 
etrur~;pa~r ~-

foe }>{!~;tf;;o 

C!H'QS I 

·' ~ c :) ' 

Section 3 

H-5 utilized. 

~rning light will come on 
.I'J'.O A' any phase, 
~elsyn gear inJicators, 

Blown H- 5 Gyro h:ses w1ll not 
'>i l.nverterwarning llghtfl to come ort, 

•1,tx: valve located in the 
:.c<g tip. 
Selector switch located on 

· •s instrument panel. 

. :Ji REMOTE COMPASS 

;; . Flux valve locationa 
1. Pilot's in left wing tip. 
2. Co-pilot's in right wing 
tip, approximately lB inches 
from autopilot flux valve. 
T~o master indicatora. 
Two controller panels, lo­

on pilot 1 a and co-pilot's 
.· nn.ant }:6nels. 

No pre-set knob on indicator. 

Switch located on pilot 1a and 
'c>r.' s controller panel. 

A..J.l indicators havE! two cards 1 

l, Stabilized magnetic head­
•lg, or gyro head 1ng if selected. 

2. Reciprocal heading. 
'L None. 
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Chapter 

PROPELLER DESCRIPTION 

Each of the four engines is equip­
ped wlth a Hamilton Standard, three 
blade, full feathering, reversible 
pltch, constant speed propeller, which 
is 13 feet 6 inches in diameter. Dur­
ing constant speed operation, the re­
quired blade angle is maintained hy­
draulically. RPM settings are select­
ed electrically through the propeller 
governor head (stepmotor). The pro­
peller assembly consists of the Hub 
and &lade Assembly, nome Assembly, Low 
Pltch ltop Levee Assembly and the Oil 
Tran1fer Housing. 

Constant <ngine RPM can be main­
tained Autor.,atically or manually 
through changes in propeller blade 
angles. All fou~ propellers are main­
tained in tomatic synchronization 
by an eler ric synchronizer system. 
The pilot is provided with four in­
dividual selector switches, a master 
engine selrctor switch, a master RPM 
control leVer, a resynchront zIng 
switch and four feathering buttons. 
Reversing 'is initiated by <~ctuating 

the throttl~ micro-switches, after 
the reverse a1m1ng bAr is moved to the 

4-l 
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aft poalt1on. 

A propeller hathertna ayat• 
tranafera o11 from the •na1ne oil tank 
to the prop~ller f&~tberlna ~ and 
then to the propeller aovernor. 

An electrical ... tar RPM control 
ayatem control• and aynchronlzea the 
RPM of the four •nalnea. 

The propeller haa an electric de­
leing ayatem. Electrically heated 
elements are attached to the leading 
edge of each propeller blade. Power 
is aupplled fro~ the atarter bua to 
the de-tee bruah aaaembly attached to 
the engine nose section and ls then 
tranamltted to the rotating propeller. 

The two force• that , :l'/ttrol the 
propeller a2:e the centrifugal twlating 
moments on the propeller bladea and 
the 211, 4ellvered under pressure b~ 
the pump, in the governor anembly 
(constant-speed control). The cen­
trlfU$81 tWiltlng moment is a C~ 
ponent force wUlch acts on the blades 
Of the rotating propeller tending to. 
move the blade toward low pltchJ The 

~-2 
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oll preaaure 11 dlrect~d as required 
by the aovernor aaaembly (constant 
speed control) to either the increaae 
or decreaae aide of the propeller 
ph ton. 

Blade analea apec1fled for thla 
propeller lnatallatlon are: 

Low Pltch 
Feather Pltch 
Reverse Pltch 

+30 Degrees 
+96 Degrees 
- 8 Degrees 

The governor iPM Control dm!t>i are 
cet to control the engine P~M te~~~en 
a range of 1200 + SO RPM and 180C + 25. 
Normal continuous range of operati;n la 
1400 to 2600 RPM. The range betwe1i'!d 
2600 and 2800 RPM is tenned -he llm1tecl 
range of operation. 

Feathering the praptller ·~ fl.ght 
is accomplished by depressing the feather­
ing switch. A norm<Jl feathering cycle 
should be complt.:tt:C' 1:-~ cipprcximcltely 
12 to 15 seconds. Th~ mecha~1cal stop 
rings limit the blade angle to a •96° 
for feather. The maximum Indicated air­
speed at which the unfeather operation 
should be ac ltshed is 135 Kaots. 
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l L- Pitch S1c, Lit~Wt A ua•ll/y 
2 Do.a C•t> 
J Do.• A.aa-tly 
4 .fef'IIO Plato. 
.J D-• PI1100J 
6 Flntl C•• 
7 Ro,.fl•l c-
1 Dtl TNU/H T•b• 
' 011 T,. .. ,., Ho.,l•l 

10 IS ... P•clal•l 
ll BlciN 

l2 IJIM C•• Switch ___ _Jf__,J~iSJiBI 
lJ BIM c... 20 
14 Pro,ellM Sbeft 
J.J Da-lcl•f A.tl C011trol Br.,h 

Br~rlael A .. _.,Y 
1' s, .. , s..,., 
17 Spltlln Bt~rral PliCitl•l! 
ll B..,.,.l A••••"ly 
19 C•• RoiiHa 
~ Lo. Pilch Stof> L- ~~'"'·iff• 

Jl ---tl: ~:!rr~&"'ti 

----··----. 

Cutaway View ol Propeller Auet~~ltly 

Section 4 
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PROPELLER GOVERNOR 

Normal Governor Operation 

Each propeller is directly con­
trolled by a double acting hydraulic 
governor. The propeller governor in­
cludes the electric stepmotor head, 
speeder rack and spring, flyweights, 
and pilot valve, Operating inside the 
governor is the governor oil pump, 
high and low pressure relief valves, 
and the selenoid selector valve. This 
selector valve is electrically ener­
gized. Open for reverse and un­
feather, When the valve is de-ener­
gized it is spring loaded closed for 
feather and unreverse, 

The governor flyWeights are driven 
by a shaft coupled to the •o::duction 
gears in the engine, The pilot valve 
in the body of the governor directs oil 
pressure to the forward or aft side of 
the dome piston as required to effect 
necessary blade angle changes, The 
speeder spring holds the pilot valve 
doWn and the flyweights tend to pull it 
up. By increasing and decreasing com­
pression on the speeder spring, the 
engine RPM can be varied, 

During normal flight, the desired 
RPM is selected by imposing the re­
quired amount of compression on the 
speeder spring, Whenever the RPM sur­
ges over the desired setting, the RPM of 
the flyweights increases and the addi­
tional centrifugal force, forces them 
to fly up. This movement of the pilot 
valve allows oil to flow to the forward 
side of the piston increasing blade 
angle and decreasing RPM until the com­
?ression of the speeder spring and the 
centrifugal force acting on the fly­
weights are again in balance, 

If the RPM should fall below the 
desired setting, the flyweights having 
leas centrifugal force will be overcome 
by speeder spring compression and move 
inward, The speeder spring then 11 
holding the pilot valve down and oll 
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will flow to the inboard side of the 
piston, decreasing blade angle and in­
creasing RPM until once more the cen­
trifugal force acting on the flywelshta 
and speeder spring compression are ln 
balance, 

The oil for the governor all pump 
comes under pressure from the engine 
nose section, The ;reEsure is boosted 
by the governor oil pump to the re­
quired operating pressure of the pro­
peller. Normal operating pressure la 
limited to 90 PSI by the low pressure 
relief valve, 

During feathering, unfeathering, 
reversing, and unreversing, the pilot 
valve is held down or up, as required, 
by auxiliary oil pump pressure direc­
ted to the top or bottom of the pilot 
valve through an electrically operated 
solenoid valve. When any one of these 
operations is used, the governor head 
is completely bypassed, 

Propelle' RPM Limit Lights 

Four blue lights on the propeller 
control unit of the pilot's control 
pedestal illuminate to indicate when 
the maximum or minimum governor RPM 
limit setting is reached, 

,.._..,.-.4!1---. ,.OPIWI CONTIOI. I'ANIL 

,. 
e 
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I Ste,•olor Co,.trol He11J 
2 Bleclriclll Recepttlcle 
J Lo111 RPM ltdf .. t•e"l Screw 
4 Hi1h RPM lttlft~st••fll Screw 
5 Sp .. tl., Spri"f 
6 Fly-lfbl 
7 Sole110UI V 11/ve 
I Seleclor V •I..-

Propeller Governor 

9 Checla \'alve 
10 Pilot Valve 
1 1 Drn•e Shaft Co,.pli,.l 
12 Drive S h4f1 

Section 4 

1 J Step .. otor Cu,.lrol Helld CUI•, RUif 
14 l.ow·PreH•r• Relief V11lue 
15 Govenror P••' GHrt 

16 Hi1J..Prnswe Relief V11lue 
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- PRESSURE OIL 
RETURN OIL 

IIIII EQUAL PRESSURE 

On-Speed (RPM Remain:: ~tcady) 

This condition exists \vhPn tht• air­
speed, altitude and englrw pm,;c·r of the 
aircraft are constant. The speedf'r 
spring has been set by the pilot for 
the RPM desired. The fl ywe i gh ts moved 
the pilot valve which directed oil to 
the piston in the hub. This, in turn, 
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moved the propeller blades until they 
fou,ld a pitch that absorbed the engine 
powc>r ilt RPM selected by the pilot. 

when that moment of speed bal8nCe 
oc~urred, the forces of the flyweights 
baianc·ed the speeder spring load and 
posit.oned the pilot valve in the neut­
ral or constant speed position. 
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,:· ;f{t .. 

1 :"'!f 

·ff 

IIH PRLSSJRE OlL 

RE-:-urm OIL 

Overs peed ( ~~.l~n 

This condi t i ·." _ ;-.-' ···· 

ple, when a lr·r -lL··"· ·-~ :•: .. • 

ing an increase t·· dt-;r·,--·('r' """' ... 

USing tht S ilntC pOY.·"; '~; ~ 

engine. Wh('ll thL ,; l rsp·~.- .i , 

the pitch st.>tll111;, •, .... frt:.::, hr.'"'-' 
too low. Thert!tOre, '. H'(\ll) n:::; ;, · 

power to turn the r rurt: ll, r. Th(· 

' :) same power, so 
This ~oo~1ll 

~n.~0 the flyw2ignts to ~pread out, 
-~tws ~lftin!<; the pilot valv€, so th~t 

flo~ Is routed to the front stde 
'-~ p.:Jt~:::-1 ~--: the dc,zne. The piatoo 

J;tH'" lh<: c;;r;~, w~ich, in turn, tw1ata 
1'1€ bl;Hi.;~s (\) r::g:1et' pitch. The ena-
•:•: "P''(';l '' .. :'"""s down to its former RPM 

' .: : t 1 "'t& 
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! fi \ "'- . uo:1 

· ti t ~ · ; t! a ; : ~ ' 1 

::I ~t" ..lc:tl rt,,. 
ldO hi ~h du<: ' .c J t: 

.,.,h 1 ~ t:' tt·~~: p;.\-H:: ~ 

ilrder tt• kL·<·f· iL,.. ~''"' 
' n e ~ t~rne RPM , wi, 1 : • 

,.;'"fl·,t\Vt>ly I•; ,.· 
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Ph£ ::1 R£ OIL 
RFn.-"N DIL 

• r.~ ,' ~ ·nt· ~i; ·" f .\~:f 

··~-~)~do~', :.r~u• .itl.~~,;~~:· 

,' ~ i ~'h ~-. F tr,f. F 4 t l'\ +, ~-: ~ 

" '"'· l!•h:."''· ->ul~ oi th;: '.Iii .. 

n·•.P. r~tHJ.:r}nj? «: clon twiti:Jt cb% 
'1•: •I ;,1,.fft' ;· 1:-i': ,'\Utl.''lllUt!::i.::'.lltiy 

., .. ;-;I~~.,~ i'"hit ' ''·~! 1 ~ t)L~ -~~..,.i r~.!. {':-·i 

-



i\ND REVERS t:NG 

A p~,,. 
bly is !l•_·,;o,.,.·. 

side of each 
just fo::-ward of ~.i:. 

s err b 1 '/ cons l ., t:. 
anc .1dilpter . · 
pur..p. An ,--~ ~ :.. .. <. 

no~ or •,yi '-~'~"' 
the accum 
entering !:·,· ,;v·· 

sembly. 

Engine o 
engine oi i ··. 
featherin!' 
ward to tr. 
supply tWit 

sures li ~·· 

suff 1 c •·" 
ler two t F<·: 

ering oil outlet t 
tank sump also hn~ 
Any sludge that rnR" 
cumul ate!l er:::>Ln·c 

pipes arHl ; !: 
its entrance . 
ricating s:•c: 
ering sys·c 

Fe11: 

Four :' · 
ed on tiH~ lr,· ,., 

panel. T~f! B~<il ,, ,, 

type havin~ ~hr~. 

pressed is ;_ 

1:::1. er 

; l 

e R'r;a! t •. ·Jplpe. 
:-_)n t e ~· ·: L t ,.. ~·, ~< a.:~-

'• cand-
' l :;g 

:ub­
i ; ~·" ' ~~ _, t h-

; __ ... , t-

Pulled full •... '· 
position. The .'l\··',' 

to the neutrat 
posi tlon which 's ' . . . . ·. ; 
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When the switch ;s depressed, a 
circuit is established from the elec­
trical bus through the switch noldlng 

! 1 and the propeller timer, located 
in a relay box aft of the pilot's sta­
tion. 

The timer opera·_-,.. •·:·r·nin.9te 
feathering. As lc~. circuit 
remains closed the ~~~ ke~ps 

the swi t.ch in' the dep .:.>:o. ;~osl t !on. 
C 1 os i ng the f e a the: -: l " g "! w: ~- c: amp l e t e s 
a circuit from the '"~t::-ic :us to 
the feathering pump m. 0r. The feath­
ering ptanp picks up 011 -·::-om the engine 
oil tank and suppl 1(:'•; 1: under ~.-;c·•>>.re 

to the propeller govPtic::J:- where ; t l'·l~­

bines with the oil. output from the gov­
ernor pump. The oil is then daected 
into the forward, or inc:-<.'<b2 pitch 
side of the propeller do:n!:• piston. 
Movement of the do:ce ;~:ston stops as 
the blades reach +96~ nr the feath­
ered position. The ·e~ther1ng timer 
will continue to o~erate 12 to 15 sec­
onds, after the s~•tch is depressed, 
then the timer will break the circuit 
to ground, de-energizing the switch 
holding cotl and allowing the switch to 
pop out to neutral, thus storplng the 
feathering pump. 

To unfeather, thE :~athcrin~ switch 
is manually pulled ou' ~;) cwla mDf",en­
tarily (A maximum cf r,,,, "'''<cc•nd~.). This 
completes the circu·~, .. ; .~ne::~.l;:e the 
feathering pump and :i·. ,;~:\· r-:;H· rt­
verse unfeather solen0iJ v~'vP lopcn). 
Feathering pump o·.J p:rP~·:c n·,, is ther 
exerted against the 0,.,.,~··,; ·;-.~ch or 
aft side of the pro~el.:·r ::-;s~.or. tc \m­
feather or change prn~~~ l~r b~ades to a 
lower angle. At the f';',; lnd:cation 
of propeller windmllllnu, the feathering 
switch is released, unfeatherlng stopa. 
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and normal constant~speed governor 
controlled operation is resumed, I~ 

case the feathering switch is inadvert­
ently held out too long, the propeller 
blade control switch on 11 blade will 
break the circuit and de-energize the 
governor solenoid valve (close 1t) well 
above the low pitch angle. 

A sequence gate reversing latch 
mechanism, (called-The Reverse Throttle 
Lock) is incorporated into the control 
pedestal at the rear of the copilot's 
throttle quadrant. The mechani*m con­
sists of a ball bearing detent roller 
attached to each thr~ttle lever on the 
throttle quadrant; r gate assembly, 
pivoted from the pedestal structure, 
which blocks the thr0~tles from the 
rev~rse range durin~, ·~rMl throttle 
operation; and a rQ•·erse-unlock handle 
(Reverse Throttle Lock), between the 
pilot's and copilot'~ throttles, which 
trust be operated r-:• •·nlock the gate 
assembly for rev .. rse operation. The 
mechanism ·1 s sequence-interlocked so 
that the throttles must be full open 
or closed before the reverse-unlock 
handle can be depressed and the re­
versing operation initiated. The mech­
anism also provides an automatic reset 
upon the return of one or more throt·­
tles to the forward power range. 

Reversing Operation 

Reversing is initiated by movement 
of the throttle into the reverse por­
tion of the quadrant after the Reverse 
·rhrottle Lock has been positioned. This 
action energizes the governor solenoid, 
opening ltl valve to direct governor 
pump oil to the upper positioning cham­
ber ln the pilot valve sleeve, and also 
•tarts the propeller featherlna pump. 
The pilot valve ls moved to the under­
speed position, where it directs gov­
ernor pump and feathering pump oil to 
the aft aide of the piston, forcing 
it forward. At the same time, pressure 
is exerted against the 1ervo piston 
valve. 

Section 4 

When the pressure is sufficient the 
valve opens and the pressure is exerted 
against the servo piston, moving the 
piston and the servo piston shaft for­
ward. As soon as the stop lever wedge 
ls pulled beyond the stop levers, they 
close in rapidly, out of the way of 
the piston sle~ve. The piston contin­
ues forward turning the rotating cam, 
which moves the blades toward reverse 
blade angle. 

When the propeller reaches the re­
verse position, the piston lileeve has 
moved far enough to allow the high­
pressure oll to dump through the slots 
in the aft end of the pi stan s ··~eve to 
the forward side of the piston. Four 
amber lights on the piloc's control 
pedestal illuminate when the propeller 
is ln reverse thrust. 

Unreverslns Operation 

Durlng the unreverAing operation, 
which ls lnltiated bv moving the throttle 
into t~e forward portlon of the quad­
rant, feathering pump oll is directed 
to the lower positioning chamber thus 
po1itlonlng the governor pilot valve 
for overapeed operation. Feathering 
pump oil ls delivered to the forward 
side of the propeller piston to move 
the propeller blades toward positive 
pitch ln the constant-speed range. 

~s soon as the blades reach an 
!l.!!I!J-.AL.f.1n.._t9~~~ 
the la~t!<!plt.ch ae..t.ting, the control 
swltch on blade No. 1 closes to ener­
gize the unreverslng termination cir­
cult. The governor (constant-speed 
control) now a.11umes control of the 
propeller ln the constant-speed range. 

4-ll 
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Chapter 4 

PROPELLER SYSmi CONTROLS 

The components of the propeller 
control s~~tem are a propeller syn­
chronizer, master RPM control lever, 
:naster engine selector switch, individ­
ual selector switches and resynchroniz­
in~ switch. Other controls are the 
th~ottle actuated reversing switches, 
~achometer isolation switches and 
:e~the~ing switches. 

The Individual Selector Switches 

The selector switche~ are toggle 
:ype, one for each engine. They are 
~.1ounted on the propeller control panel 
3.nd have three positions, '!'he center 
position is spring loaded OFF, forward 
is INCEEA3E PJ'H and aft is DECREASE 
:tPN. 

These switches provide RPH varia­
tion for any engine independent of 
ot~er engines and can be used with the 
Haster Engine Selector Switch in either 
the AU'IDHATIC or YJ..ANUAL position. 

While the individual selector 
switches can be used to vary the RPH of 
o~e or more engines, the engine being 
J.sed as the MASTER should be controlled 
';y the HASTER RPM CONTROL L'NER, druing 
'lU~omatic operation. If an individual 
3elector switch is used to change a 
slave engine RPH more than 3% away from 
!;laster engine It.PH, the master cannot 
;mll the slave baclr into synchroniza­
tion because svnchronization is limited 
to 3~ of the OPerating engine nPM. For 
more than 3% corrections, the limited 
~a~ge mechanisms must be reset by de­
pressign and releasing the synchroni­
zer switch. 

A blue lieht is mounted ad,1acent to 
8&Ch individual selector ~~tch ~,d 
illtuninates l'lhen the cor~eponding 
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governor reaches the high or low RPM 
limit setting. 

Propeller :t-iaster RPM Control Lever 

This lever adjacent to bs propel­
ler control unit operates all four 
propeller governors aiw.ul taneously. 
:?orwa.rd movement of the synci.r0r.izer 
lever causes an increase in RJ1:. Aft 
movement causes a decrease in RPM. The 
lever is used in conjunction with the 
automatic propeller synchronizing 

Propeller Reverse Light! 

Manual RPM 
Control Switches 

Throttle Sequenoe Gate 
Reversing ~tab ~ndl~ 

-
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system dOd is opet·ative only Y..tlen the 
propeller automatic control switch is 
in the Nr 2 MASTER or Nr 3 MASTER post­
tion. When the master lever is put in 
~1~11 forward position, it actuates 
a~swTtch which cuts out the synchroniz­
ing circuit as long es the master lever 
is ln that position. Thus, failure of 
the master engine on takeoff will not 
1f•0r~ the speed of the slave engines. 

The Electrical Synchronizing System 

The propeller synchronizer is housed 
in a compact moisture proof case instal­
led on the left side of the compartment 
jus:: forward of the :orward baggage com­
partment. It pravtd~s a means of con­
trolling and synchronizing the RPM of 
the four engines. Either Nr 2 or Nr 1 
engtne may be selecl for master RPM 
ref~renc~. F~rh propeller is under 
govamor control at ~11 times so th:1t 

constant speed operatio•: is rcts!r,~:d 
in event of failure of the synchr· .... <~l;. 
tion system. 

Synchrortlzation of all engines 
is available throughout the entire 
operating range and is limited to 
Ji. INC or DEC of slaves toward master 
engine RPM at a time. For more than 
3':'. correction of the slave engine 
RPM the resynchronizer switch must 
be depressed and released. As soon 
as it is released another three per­
cent increase or decrease !s availabir. 

Propeller Auto Control ?~ 

The automatic propeller ·~ ··chron­
lzing system is controlled by a three 
position switch, marked Nr 2 MASTER, 
MANUAL, Nr 3 MASTER, on the propel­
ler control panel. When the swl tcb 
is In tht Nr 2 or Nr 3 MASTHR pot.1-

If THE PU.OT SELfCTS Ho 2 

!NGIHE AS THf MASTER, 

Ho. I.· 3 AND 4 lfCOM£ 

SlAVES. 

If Ho. l IS SELECTED, Ho. I, 

2, AND 4 lfCOMf SlAVES. 

THE OUTIOAID ENGINES 

ARt ALWAYS SlAVES. 



C-118 

lien the selected engine becomes the 
rr.>ster which the other engines follow. 
\olhen the switch lslnthe MAtt.JAL posi­
tion, the automatic synchronizing and 
master lever system are de-energl7.ed. 

The range of control is 3~ increase 
or decrease of the operating engine ' 
RPM. This feature prevents slave en­
gines from going either above or below 
the controlled range in even~ of master 
engine malfunction. An ON - OFF switch 
type circuit breaker for the auto con­
trol switch is located on the MAIN cir­
cuit breaker panel. 

Synchronizer 

A tachometer generator, mounted on 
the accessory section of each engine, 
supplies the electrical powe for the 
synchronizer to compare the RPM of the 
four engines. The same tachometers 
also provide voltages for the engine 
RPM indicators in the ccckplt. TWo 
tachometer isolation switches are lo­
cated on the panel aft of pilot's po­
sition. They may be used to discon­
nect the tachometer generators from 
the synchronizer system without lnter­
ferring with operation of the master 
lever or RPM indicators in the cockpit. 

The Resynchronizing Switch 

This switch is a push-button type, 
spring loaded to the OFF position, 
mounted on the propeller control panel 
adjacent to the master engine selector 
switch. During flight the resynchro­
nizer switch should be used after each 
time the RPM is changed with the master 
lever EXCEPT when master lever is in 
FULL increase RPM position, at which 
time synchronization is inoperative. 

With master engine selected, syn­
chronization is automatic after RPM 
change by master lever, but is limited 
to 3~ by the limited range mechanism. 

4-14 

Sect ion 4 

Each time the resynduonization switch 
ls depressed and relt:cls~d, it permits 
sl~ve engines to progress another 3% 
tovard,the master engine RPM, until 
all engines are ln synchronization. 

-
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.:·hap te r 5 

f;E ICING S y:; TEM 

The propellers are protected frcxn 
ice formation by an electric deicing 
system, which consists of heating ele­
ments mounted on the leading edges of 
the blades. The elements create suf­
ficient intermittent heat to raise the 
blade surface temperature above the 
freezing point so that existing ice is 
loosened and is thrown off periodically 
by centrifugal force. 

The system is eqL)ooed with a tim­
ing device, mounted ·- the fuselageac­
cessories compartmen• that controls 
the flow of current r·'l the heating ele­
ments. To prevent ar, Pxcessive power 
drain from the ai rcrrc. '3 electrical 
system, the timer energJzes each pro­
peller deicing circuit in sequence. 

The propel~ tleic.:lng system is 
controlled by~ single ON-OFF master 
switch on the heater control panel. 
Four 2'tposltion selector switches 
mounted on the aft overhead panel are 
provided to select automatic TLMER op­
eration or MANUAL operation in the 
event of timer failure, or if it is 
desired not to deice one propeller. 
The switches are normally guarded to 
the TIMER position. An amneter with a 
selector switch is mounted on the aft 
overhead panel. Positioning the ammet­
er selector switch to the desired pro­
peller will indicate the current load 
for the propeller when the timer cy­
cles the selected propeller ON. 

For manual operation, position the 
individual selector switches to MANUAL 
and rotate the ammeter selector switch 
in sequence to the four positions (the 
amneter reading will be indicated and 
the propeller selected will be deiced). 
Unlimited ground operation of the pro­
peller deicing system is permissible 
when the engines are running at genera-

tor cut-in speed. Takeoffs and land· 
ings can be made with the system in 
operation. 

When manually deicing all four 
propellers, it is recommended that the 
deicing time period for each propeller 
doP.s not exceed 60 seconds ON and 180 
seconds OFF. Partial timer a~d manual 
deicing operaL("• !s n. ~ r£-~ommended 

as i r. :!> possir,l•: :.,, i1av, n•anually 
selected propeller and a ti :r select­
ed propeller on at the samt. Ume with 
a possibility of ovn·loadin~ 2 gener~ 

ators. (Approximatei :?00-ampere load 
per propeller is requirL1 for propeller 
deicing.) 

When the engines are not runn1n)O., 
the propeller deicir~ syst~n must not 
be left ON for lon~er than one cycle 1 

because the propeller blades do not 
have a cooling airflow. Allow a mini­
mum of 30 minutes between operations 
so that the heating eleme~ts can cool 
sufficiently. The propelit!r deicing 
system circuits are open,j and the 
system is inoperat1ve during propeller 
feathering, unfeatherlng, reversin~ 

and unreversing operation. 

Ice is allowed 
to accuTl1llate. 

_)r 
---- \~ 

efl 

Heat is turnea on. 
Centrifugal force 

throws ice off. 
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Chapter 6 

INSPECTIONS AND CHECKS 

Exterior Inspections 

Pro2elle~cer Brush Block 

Check general condition, security 
and that the brush block is bolted in 
place. 

Propeller Blades and Dome 

Check for blade looseness, pitting, 
nicks and cracks. Dome fdr excessive 
oil leaks, dome retainer nut safetied 
and for burned or charred area where 
the electrical lead enters the deicer 
bcot. Check blade switch lead& for se­
c~.;rity. 

Interior Check 

Propeller deicer switches - OFF 
Tachometer isolation switches - NOifoiAL 
Emergency propeller deicer switches -
TIMER 
Propeller master lever .. FORWARD 
Mester eng!ne selector switch - Nr 3 
i-I/.STER 
Governor limit lights - ON 

Deicer Check 

Set throttles to 1500 ~. The 
propeller deicer switch should be 
turned ON and the propeller deice 
ammeter checked for a twenty second 
cycle on each propeller. The switch 
should then be placed in the OFF posi­
tion. The minimum amperage during this 
check should be 150 ampere!' and the de­
s!red amperage la 180 to 225 amperes. 

P·.·c;~.,, 1.1 .. ,.. Check ____ .., .... ~ .. '" ' ~ ....... 

1. Place master enBtne selector switch 
in the MANUAl. posit 1 on, propeller 
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selector toggle switches to DB­
CREASE ~ and hold until 1200 + 
50 RPM is reached and the llmlt­
llghts illuminate. 

2. Move propeller selector awttchea 
to INCREASE RPM until 1500 RPM ta 
reached and the limit lights il­
luminate. 

Note: The limit lights should go out 
and come on again after approxi­
mately 12 to 14 aeconda. 

3. Place master engine select~ switch 
on Nr 2 MASTER position, pull ~s­
ter control lever to the full DE­
CREASE RPM position and walt until 
1200 + 50 RPM is reached and the 
limit-lights illuminate. 

4. Change master engine selector 
switch to Nr 3 IWTER position 
and push master control lever to 
the rull INCREASE RPM position. 
When 1500 RPM is reached, the 
limit lights should illuminate. 

Feathering Check 

Copilot checks rir 4 and Nr 3 propel­
lers. Pilot checks Nr 2 and Nr 1 pro­
pell.,rs. Push in on feathering button, 
pull out after noting a 200 to 300 RPM 
drop. 

Reversing Check 

If the propeller rever~ing system 
is checked during the preflight by 
maintenance personnel, as is the nor­
mal procedure, it is not considered 
necesaary for the pilot to repeat this 
procedure prior to flying. At enroute 
stops, or when there is a crew chanae, 
it is not conaidered necessary to aaain 
check this ayatem if reversing was uaed 

..... , 
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during landing or was checked by home 
station maintenance prior to departure. 
During the propeller reversing check, 
the aircraft should be on a clean hard 
surface. 

1. Close the throttles to the forward 
thrust idle stops. 

2. Set the reverse-unlock handle (Re­
verse Throttle Lock) to unlock the 
gate assembly for reverse operar::on. 

3. Move one or more throttles aft 
through the detent to the revr:rs,· 
idle position. 

4. Upon reversal of the propeller, the 
amber light on the propeller con­
trol box will come ON and power may 

,be applied. 

IT IS NOT NECESSARY TO APPLY POWER 
IN REVERSE DURit-C THIS CHECK. 

5. Move throttie ~o forward posi­
tion, ctmber llgnt should go out. 

The reverse-unlock handle must 
be reset each time a throttle ia re­
positioned to the forward range, lf 
other propeller reverse checka are 
to be made. 

Any malfunction of the reverse­
unlock mechanism will not prevent re­
turning the throttles to the Forward 
position. 

~i._;tel lf. a:-t e:·•8•:te is ;. ,::,perative or 
ftuthered on landing, the throt­
tle for that engine ~ust be in 
either the OPEN (full hrward) 
or CLOSED (normal idling) posi­
tion before reverRing can be 
accomplished on the remaining 
engines. 

REllER~£ THROTTlE lOLK REI ~ASE BAR 
AND THROTTlE PO~ITIONS 

\ 
\ 

~~~~·~~~ 
~-~ij,_j;~.,, : ..... :~_;\:..J: 

j 

POimON 1 POIITION 2 POII'nON ~ ' 
lar will not ,.. larwill..-.... larwill ........ 
'- wherl the allowlnt thret- •ll•wlltl tht 
...,..... II IR cwt tl•• to ~novo throttlu to 
lntorMotllott throueh dotent ••v• throu1h 
....,...... Into rnono llotont l•t•,.. 1 ,.,... .....,.... ,; 

IDIAD IHGINI ~ ~~ - - _j 
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Chapter 7 

EMERGENCY OPERATING PROCEDURES 

Propeller Manual RPM Control Malfunction 

On early aircraft, if a short cir­
cuit occurs in the propeller automatic 
RPM control circuit, an automatic con­
trol circuit breaker will trip, caus­
ing the automatic system to become in­
operative. 

Propeller manual RPM control ts 
normally accomplished by simultaneous 
actuation of the four propeller selec­
tor switches located on the control 
pedestal; however, in case a short 
circuit exists in any one of the four 
individual manual control circuits and 
the propell~r selector swt~~hes are 
toggled simultaneously, a 10 ampere 
propeller manual control circuit break­
er, located on the main circuit breaker 
panel, will trip and further RPM con­
trol will be impossible until the man­
ual ·control circuit breaker is reset. 

To change propeller RPM manually 
when a short circuit exists in an un­
determined individual manual control 
circuit, proceed as follows: 

1. Reset the propeller manual control 
circuit breaker. 

2. Toggle each propeller selector switch 
separately until the malfunctioning 
circuit is found (circuit breaker 
tripped). 

), Reset the propeller manual control 
circuit breaker. 

4. Toggle only the remaining propeller 
selector switches for RPM change. 
(Full RPM control is available for 
the remaining propellers.) 

5. Land as soon as possible. 

4-18 

I WARNING 

Do not actuate the propeller 
selector switch for the prop­
eller in \ihl.ch a ahort cir­
cuit exists, dd the ~anual 
control circuit breaker will 
trip. 

On later aircraft, the 10 ampere 
magnetic type manual controi circuit 
breaker is replaced with a ) ampere 
thermal type circuit breaker. A 5 am­
pere fuse in each of the individual 
manual RPM control circuits is replac­
ed with a 2 ampere slow-blow fuse. 

These changes permit simultaneous 
actuation of the propeller selector 
switchea, as the 2 ampere slow-blow 
fuse will open and isolate the shorted 
circuit without tripping the manual 
control circuit breaker. 

All Engines Hunting ur Surging 

If all engines are hunting or 
surging, attempt to establish synchro­
nized operation as follows: 

1. Position the master eng1r,«! selec­
tor switch to the opposite engine. 

2. 1f th 1 s does not correct the trou­
ble, place the master engine selec­
tor switch in the MANUAL poaition. 

), If the engines continue to hunt or 
surge, place the tachometer iaola­
tion switches in the EMERGENCY poai· 
tton. 
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Individual Propeller Out Of Synchroniza-

!.!.2!l 

If an Individual propeller is out of 
synchronization In AUTOMATIC and the re­
maining propellers are functioning prop­
erly, perform the following: 

1. Push the resynchronlzing button re­
peatedly until the propeller is In 
synchronization. 

2. If this does not correct the condi­
tion, actuate the respective propel­
ler back into synchronization. 

). If the propeller does not stay in 
synchronization, place the master 
engine selector switch In the op­
posite Inboard en~ ·.~ position and 
push the res ynch ro;; • z l ng but ton. 

4. If the propt:>ller wi II not stay in 
synchroniz;lt!on, pLJct· the mostL'r 
enginL' selector switch in the MAN­
UAL position and operatt the indi­
vidual propeller ~elector switches 
for ~ynchronizing and change of 
RPH. 

5. If the engine tachometers continue 
to fluctuate, place the tachometer 
isolation awitches in the EMERGENCY 
poaltlon, which deletes automatic 
operation. 

Propeller Overspeeding 

If an engine tends to seriously 
overspeed, Indicating that the propeller 
Is not functioning to reduce RPM, pro­
ceed as follows: 

1. Throttle - CLCl5E 

2. Airspeed - Decrease to 135 Knots lAS 

). Feathering button - As required 

4. Propeller selector switch - Toggle to 
DECREASE RPM 

5. Engine feathering procedt,re - A" 
required 

Note: The two most important factors 
to be considered In the event 
of propeller overspeedi ng art:> 
the true airspeed of the air­
craft And the power to the en­
gine. If overspeeding occurs 
during cruise, feather the pro­
peller, reduce all throttles 
and inr::rease the angle of attack 
(if ccndjt!ons pr:nr.lt) 1n order 
to slow the clrcc .. :r to the 
recOO"ff\ended 13) Knot: lAS i'ls 

soon as pos!> I ble. r ·' en;.: 1 ne 
feathering Is lmpossit J. re­
duce the throttle ,1ndmaintain 
RPM within limiL ''Y regulat­
ing theTAS of the aircraft. 

Airspeed may he res~d aftt•r tt;L­
propeller hecomcs stationary. In .1 

high RPM wind1nllling condition, p.ts­
sengers should be t>JUVed dl.l ol tilt> 

plane of propeller rotdtion. A high 
RPM wlndmllllng condition may be par­
tially rest'ored to nonnal by descend­
ing to a lower altitude, inasmuch as 
the propeller wlndmilling character­
Istics are a function ~f true atrspeed. 

When engine ovcrspeeding occurs, 
land at the nearest base. The follow­
Ing information should be noted on 
Form 781 and reported to maintenance 
personnel: The maximum RPM and mani­
fold pressure that were obtained dur­
ing flight, duration in minutes of 
the overspeed condition and overpower 
condition and the reason for overspeed 
if known. Allowable ~PM 1s 2800 to 
2950, while an inspection is required 
at 2950 to 3400 RPM. An engine change 
is required when RPM exceeds 3400 RPM. 

Notel Engine overspeedlng usually 
occurs after a momentary power 
loss that is followed by a re­
turn to full engine power. 

/,-19 
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}~~~1ersing In Flight 

If a propeller is inadvertently re­
versed during flight, proceed as follows: 

1. Reduce the airspeed to 135 Knots lAS 
or less. 

2. Move the throttle forward of detent 
to the CLOSE position. 

3. Depress the feathering button. 

Note: In case a propeller is reversed 
immediately after takeoff, make 
certain the throttle is forward 
of the detent and feather the 
propeller. The same pump ac­
complishes feathering and re­
versing; the~~for.e, the throttle 
must be forward C:< the reverse 
detent before power is available 
to the pump for the feathering 
operation. 

Failure of Propeller to Unreverse Dur­
ing Ground Operation 

1. If one or more reverse indicator 
lights remain on after the throt­
tles are returned to forward thrust 
position (or if failure to unre­
verse is suspected on aircraft not 
equipped with reverse indicator 
lights), check the propeller de­
icing ammeter for load. If load 
is indicated, trip affected reverse 
control circuit breaker(s) and mom­
entarily depress feathering button 
to position blades to forward thrust 
position. 

2. If propellers are believed to be in 
reverse pitch after unreversing and 
no load is indicated on propeller 
deicing ammeter, toggle propeller 
to high pitch (low RPM) and advance 
throttle to approximately 25 inches 
Hg manifold pressure. If propeller 
is in forward thrust it will be gov­
erned at 1150 to 1250 RPM; if in re-
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Se,:tion 4 

verse pitch RPM will be approximately 
1600 to 1800 RPM. 

3. If any of the above procedures 
fail to accomplish unreversing, 
secure the engine as follows: 

a. Throttle - REVERSE range 

b. Propeller reverse and feather­
ing control circuit breaker -
Tripped 

c. Mixture control lt''icr - IDLE 
CUTOFF 

d. Engine - Secure 

4. If propeller feather! :· pump con­
tinues to operate beyond usual 
point of automatic cutoff after 
unreversing (malfunctioning blade 
cutout switch), immediately trip 
feathering pump circuit breaker 
to prevent full feathering of pro­
peller. Propeller blades should 
automatically return to the low 
pitch, high RPM c;etting. If 
propeller has rerlched full' feather 
position, secure the engine asout­
llned in step 3. 

Note: If an engine has been stopped 
while in reverse, or in the 
feathered position when coming 
out of reverse, the engine 
should be restarted prior to 
servicing the oil tank. This 
will preclude overfilling the 
oil tank when excess oil (pump­
ed into engine nose section by 
the feathering pump) is return· 
ed to the oil tank. 

Failure of Propeller to Go Into Cover~ 
nor Control After Unreversing 

If the propeller feathering pump 
continues to operate beyond the usual 
point of automatic cutoff after un­
reversing, immediately trip the pro-

-------
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peller reverse control circuit breaker 
for the affected engine to prevent full 
feathering of the propeller. The pro­
peller blades will automatically return 

Section 4 

to the low-pitch, high RPM setting. 
If the propeller already has reach­
ed the feathered position, secure 
the engine. 
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STUDY Gill~E SUPPLEMB!fl' 

1951 SERIES AIRCRAF'T 
VERSUS 

a. Aux. pump starts and stope 
in reverse, 

b. Pressure cutout switch used 
for feathering. 

o, The #2 blade switch used for 
reverse and feathering. 

d. Four dual purpose o irouit. 
breakers for reverse and feather. 

e. Test swit~ e.rr :.!ghts in 
spare bulb looker. 

f. No reverse indicator lights. 

1 

1953 SERIJS .liK:IW'T 

1. PHQP!ill.IM 

a. Aux. pump runs oont inuously 
whi.~., in reverse. 

b. TiM delay relay used for 
feathering. Set fo~ 15 seconds. 

c. Th!:i #7:. 'f:.lade "!Yitoh US'JC 

~'or thE~ atr.h(!!r il;:·:;·· ~· -~ 

~;,.., f,:;;;.t· a il:c;;.•" ·.:. :..''-;.. -~ \'Mkers 
for feather, two dWll c~·cu break­
ers for reverse in:iioa.tore "-·,.,J ';,we 
dual oirouit breaker.;, /"or re¥:.. .. ae 
control. 

e. lone available. 

i. ~ber rever•• 1ncl1cator 
lighta. 
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Chapter 1 

ENG Ilfi GENERAL 

Specifications R-680Q-5?W 

Number of CyUn:!,- · ? 

Type 
18 
Radial, Two-Row, Au·.cc..cit-<1 
2804 Cubic Inches Displ.Jioement. 

Bore 5.75 Inches 
Stroke 6,00 Inches 

6.75 to 1 
Lowa 7.29 to 1 High1 ~.53 ~( : 

I 
l 

I 
j 

Compression !:L tic 
lm}:·eller .Rat! r, 
Propeller Rc•~-;.;;ti )n 
Take Off Rating, Jry 28Cl0 RPM 60 11 MP 
Take Off Rating, 'wet 2200 RPM 62 11 MP 

.450 to 1 
2200 BHP 222 BMEP 
2500 BHP 253 BHEP - -- ___ __] 

All directiorml rGferenceo for this 
engir.e are established lccking forward 

from the accessory :.<.,. t • c , , .. 
propeller end (frc~t ·. 

) ·-.;_ 
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\b,Jnrt--~~P.-15 

18 

J C:runlcsh<lft Ce .. ter Mar" Heari"g 20 Impeller 
2 lntaJ&e Vulve "'"'Spring 21 Lower Cam Reductio" Gear 
1 Hoclct!r Arm 22 Mai" Oil Su•p 
4 Pushrod 23 Rear Co,.rtterweight 
5 t .. talte Pipe ~ Roclcer Orairt Oil Martifo/d S,ctio• Li•e 
6 Prstolf Pin 25 Pi~tort 

7 Linlcrod 26 lgnitio" Hamess 
8 Tappet 27 f'ru,.t Oil Scavenge artd Torq"• Booster P-p 
9 Cam 2R Torque,.eter Pistort 

JO Superchargo!r Cuse 29 Red,.ctio• Driue Pirtio• 
11 Fuel Feed Valve JO Propeller Oil Tra•sfer Tllbe 
12 s .. percharg"r Clutch Selector Valve l/ Propeller Shaft 
lJ Accessory Drive Gear 12 Thrust Reari•g fllut 
14 Starter jaw n Thrust /Jearirtg 
15 Main Oil Press .. re f'u"'P J4 Propeller Gouerrtor Oil TriMts/er Tllhe 
16 Mairt Oil Screert 35 Reductio" Driue Gear 
17 Main Oil Scree" Cover Plug 16 D i strih .. tor 
lB lmpelln Shaft 37 Magrtelo 
19 Super< IJargt~r IJr"i" Valve 38 Front Co,.rtterweight 

CUTAWAY VIEW OF ENGINE 
5-2 
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gine J..s :J.' ;t:, .. , 
grcupl'!: 

Ji:x ms.jcr aa~fll:lbly 

2. 
). 
4. 
5. 
6. 

~ ~~ ·~~~-• :.·~cticn 

Front .1..<::'•'1"<::~-y s ... ~ti.on 
Po-wer c:"~' · ': :;~ 

Sup"r :;il'l.!' -,. - C:::lleotor Section 
Intermed.l.ii-:.,,. ?.ear Section 
Rea~ (.A~·.:cesaory\ Section 

The l''.rg;w.·. (~,;,;,;e·~ . .&Q~iQ::l is e. rJ.-;.b­
neeium casting ex:>.:"± . ou.~ee the propeller 
r_eduction ge!'..:·e /i;.. the torquemete1· 
system.. A hl.::lU::·'.:.:.~; pad fc:- the torque 
tranami tter ie '.r.et.~~ lled en the left 
side of the ::oB~ ~ ~~to~. 

The 'f'.ro.n!.i....l.;.;~Jl.'UG:r:"'~~ 1e a 
magnesium CRS"".;:.;.:.: aT.d nottseg the front 
acceescr:; i:::'~'-·u ~. :.he front oil scaveng­
ing pump and :.. '3 t,c:::-quemeter booster 
pi.U:lp. Th~r" o..· · :;:~n .. '1ti~ pads on the 
case for th~ mr:;.;r:e:.:- distributors and 
the propt3J..lr~~- w;·.·er:wr·. 

Tbe Power Sectiou is made of three 
forged aluminum alloy sections. Two 
rows of cylinders are mo1mted around 
the ciroumfe::-e!:or. of the crankcase 
aaaemblv. 

Ih~ S;r.;·;:;·~,~. '"'"4e;· .--:ollector ~!)CtiQJ4 
is a magn!"~!.,;:r, c;:~_:·~·.:!:f: a::Jd hc:uees ~he 
diffuaer, l.c;•;::c:: '.e .. 1-.1he~l and collector. 
There ar~ ::i!'1L i.rc ~..r ~ ,, pipe ports and 
six engine m::; ~rjt :-::-Ftckets around the 
case. 

Tbe loterme~~t~ Rear Case is a 
magnesium alley caating and houses the 
blower clutches and accessocy drive 
gears. The carb~~tor. ia mounted on 
top of the case. 

The Hear Segtion is a magnesium 
alloy casting and, together with the 
Intermediate Rear Case, supports the 
accessory gear trains. The pressure 
and main scavenge oil pumps are in­
stalled on the rear face of the case. 

Seotic~ ' 

·-? 
l Pront leot1on 

2 Pront Aoooooory Sect1cG6 Int~rmod1att ftaar lootloa 

3 orenkoaao 8aot1on 

II 07Undera 

7 ftoar Sootl.on 

5-J 



J }Gc.screw 
1 Cowl Flap S..pporl N"'K 
J ''""" Cowl R j "fi 
4 1-'lt>xib/e UrivP Sh<lll 

5 Load flap 
6 Electric Power u,.;, 
7 7 -Prive Support llradtcl 
8 Spri"t: Drac ... l 

9 LJo,.Js"C J wteper 
IO .'<,.bb.,, S•al 
II T-Dflvfl 

.3ect~oL ~ 
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are located in l-!:e ~c<t:-r: :,:· ·.~:P case. 
The blol.ler cl:..t::":-. ":r,jer:tcr ··.ci·:p is 
mounted on the to;:: of: the case. Other 
accessories mounted -~n tl1e re:u· case 
are the fuel pump, generator, oil pump, 
auxiliary drives. vP:>J~'ll pump, starter 
and tachometer gene:-nto:::-. 

The adjusta~le :.;.lllr:linurt-·lllc--i :::cwl 
flaps for each eng'~e Rre ope:::-ated by 
an electric mote: mc.:Lmted on the top of 
the oil cooler faidng. The fL.-ps are 
adjustable throu~h a range of -L to+ 22 
degrees. 

There are tw: ways of contro~li~g 
tl:le position of the ele:tric:1lly cper­
ated co'Nl flap:,. '::'he two methoc.s are; 
manual operaLcn ctnd remote positionin~.;. 
Both methods use the same switches, 
which are located on the aft overhea.J. 
panel. These fc~ pCJsition toggle swit-

Section 5 

ches have ~he fo~:owing positions: OFF, 
OPEN, CLOSE and ?OSITIONIN·3-. 

In the manual operation the switch 
is plqced either in the OPEN or the 
:~LOSE position. The flaps move in the 
direction selected until the maximum 
travel point is reached. 

In remote positioning the switch is 
moved to POSITIONIKJ. As long as the 
switch reffihins in POSITIONING, the move­
ment of the desired cowl Caps is con­
trolled by a rheostat control. These 
4 rheostat controls are on the upper 
instrument panel. n.b ::-heostats have a 
CLOSE and an OPEN position. They also 
are calibrQted in incre~ents of 2 de­
grees from -2 to+ 6 degrees to obta ir. 
intermediate cowl flap settings. 

For ground operation, it is iffipera­
tive that the cowl flaps be open, 
regardless of outside air temperature. 

: UPP[R INSTRUMENT PANEl 

5-5 
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Chapter 2 

LDBRICATION SYSTEM 

Q.eneral 

The R-2800-52W engine has a full 
pressure, dry sump oil system which 
uses grade 1100 oil. 

An independent oil system supplies 
lubricating oil to each engine. Oil is 
supplied under pressure to the engine 
by the engine-driven oil pump. The oil 
is returned by the engine-driven scav­
enge pump through an oil cooling system 
to the supply tank. The c-U. from the 
tank passes through an em.;. ,;f•r:.cy shut­
off valve as it flows by gravity to the 
engine. Temperature, quantity, and 
pressure indicating ~ystems, as well as 
an oil dilution system, are provided, 
An auxiliary engine cil tank transfer 
system provides additional oil for ex­
tended operation. 

on Tank:s 

Each engine tank has a capacity of 
38 gallons. A standpipe reserves 2. 5 
gallons for propeller feathering. A 
hopper in each tank aids in rapid en­
gine warm-up and in reducing oil foam­
ing. The filler cap is accessible 
through an access door on the left side 
of each carburetor airscoop fairing. 
Two oil tank vent lines connect from 
the fittings on top of each oil tank to 
the rear case vent connections of the 
er..gine. 

Q.U. Cooling SXstem 

The oil cooli~ system consists ofa 
(1) an airscoop (2) an oil cooler (3) 
an air exit door, which controls the 
flow of air through the cooler (4) an 
actuator, which opens and closes the air 
exit door (5) a thermostat aasemblJ that 
controls operation of the air exit door 
actuator and (6) an inlet bypass valve, 
which is mounted on the cooler to con-

5-6 

trol the flow of oil through it. The 
cooling system controls the temperature 
of the oil for proper lubrication and 
cooling of the internal working parts 
of the engine. 

Oil QuantitY ln41cators 

The oil quantity is measured by a 
Simmonds Pacitron gc.ge tank unit lo­
cated in each oil tank and in the ae~­
iliary oil tank. The oil quantity in­
dicators are located on the upper i~­
strument panel. A stick gage is in­
stalled near the filler neck of each 
oil tank. 

Oil fressure Indica~ 

The oil pressure is measured by a 
transmitter connected to a restricted 
fitting on the top of the rear acnes­
sory section case. The pressure is 
shown by two dual indicators on the 
center section of the main instrument 
panel. A separate pressure warning 
switch for each engine is set to close 
at 50 ( ~ 5) PSI, and operates a sin­
gle oil pressure warning light located 
below the dual oil pressure indicators 
on the main instrument panel. 

Qll...Temperatu.re IJ¥lli.~· 

The temperature of the oil as it 
flows to the engine is measured elec­
trically by a resistance bulb, which 
extends into each engine oil tank out­
let. Two dual oil temperature indi­
cators, calibrated in degrees centi­
grade, are mounted on the main instru­
ment panel. 

Qil Dilution System 

An oil dilution system is provid­
ed to dilute the engine oil during en­
gine shut-down when a cold-weather 

-
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2.. Oi1 Return fittinr: 
). \]e:~t Fittinf\ 
L.. 1-\e~suri''.r, n.od 
5. Cil ·:~un.ntitY Tank Ur.it 
6. Oil Ta.nY Filler C~P 
1· scupper Drain 8. ~ger.c:r oil snutorr vaJ.:ve 
g. Oil Outlet Fit tin"', 
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start. is ant:i..c:.;~;,,,.,, il.f, 0.l. '~~~uti:m 
solenoid valve allo;.s -::.~e fuoJ. -:_c; flow 
from the main fuel supply line in each 
nacelle to the main oil supply line ~t 
the bottom of the oil tank. Each sole­
noid is controlled by an OFF-ON spring­
loaded switch on the aft overhead panel. 
The fuel tank booster pump must be on 
LOW BOOST during the oil dilution oper­
ation to furnish fuel pressure as the 
oil dilution fuel line is connected to 
the inlet side of the engine-driven 
fuel pump. For this reason, the fue~ 
pressure indication 1.1ill not drop dui"­
ing dilution. The propeller oil system 
may be diluted by operating the propel­
lers f'rom low to high pitch three 
times, and into and c ·Jt of reverse at 
least once during th< -1.i.lution period. 

, 011 J2Mrgenoy Shutoff Valve 

An emergency shutoff valve is in­
stalled between the oil tank sump and 
the oil outlet elbow fitting to which 
the main oil supply pipe is connected. 
It is operated by the corresponding 
fire extinguisher selector handle lo­
cated below the glareshield in the 
flight compartment. 

Auxiliarx 011 System 

The regular oil system is supple­
mented by an auxiliary oil and transfer 
system. The auxiliary oil tank is lo­
cated in the left winj fillet and has 
a o~paoity of 26 gallons. The 
oil transfer system consists of a com­
bination oil pump and motor, a tank 
selector switQh, an electrically oper­
ated four-way selector valve, and a 
spring-loaded pump actuating switch. 

Section t; 

Oil can be transferred from the 
auxiliary tank to t::.ny one of the engine 
oil tanks by positioning 7.he auxiliary 
oil tank selector switch to the desired 
engine tank and then operating the PlliiiP 
switch. Release the pump switch when 
the desired amount of oil has been 
transferred. After the oil has been 
transferred, the auxiliary system oil 
lines should be evacuated by reversing 
the pump switch approx~tely one min­
ute,to avoid the possibility of oil con­
gealing in the transfer lines. 

The auxiliary oil tank selector 
switch and the auxiliary oil pump sw~toh 
are located on the aft ·warhead panel. 
The oil quantity indicator for the 
auxiliary oil transfer system is lo­
cated on the upper instrument panel. 

Engine oil tanks IAuat not be filled 
above the 150 pound oil level by use 
of the oil transfer system. It is de­
sirable that oil be transferred into 
the engine oil tank when the level falls 
to 110 pounds • 

The auxiliary oil tank is located 
in the left wing f:llet which is an un­
heated portion of the aircraft. In 
order to minimize the possibility of 
oil congealing in the tank ar.d trannfer 
lines, the auxiliary tank is filled 
with a mixture of 50 percent oil, grade 
1100 and 50 percent 100 oJtane gasoline. 
The oil and fuel should be thoroughly 
mixed before pouring them into the tank. 
The tank level should be checked period­
ically in order to make certh in tlui t 
excessive amounts of fuel have not 
evaporated 
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Chapter 3 

TORQUEMETER 

Wbat is tbe Torguemeter? 

The torquemeter is an instrument 
which indicates propeller shaft torque. 
This is accomplished by hydraulically 
balancing the force transmitted from 
the propeller shaft to the fixed mem­
bers of the engine ge~r train. Since 
the force on the fixed members is al­
ways equal to propeller torque, torque­
meter oil pressure values are also 
equal to propeller torque. On the C-118 
aircraft the dial of the torque indi­
cating instrument has been calibrated 
and converted to indicate BMEP. 

What is BMEP-? 

Brake Mean Effective Pressure is 
the actual amount of pressure in pounds 
per square inch within the cylinder, 
available for work obtained from the 
ignttion of a specific fuel air charge 
after friction and heat loss are con­
sidered. It is used as an index of 
measure to rate or limit an engine's 
performance. Since a rise in BMEP will 
normally mean an increase in actual 

cylinder pressures, structural consid­
era. tiona will dictate that operation 
be confined below certain BMEP valuae, 
or the stresses imposed may result in 
engine failure. Since high OJlinder 
pressures will normally be accompanied 
by high cylinder head temperatures, it 
follows that BMEP values also set a 
series of operationa~ limits for pre­
venting detonation and eventual engine 
failure. Thus, the torquemeter and 
engine tachometer are used to deter­
mine propeller shaft power output. 

Why Measure ProP~ler Shaft Torgue? 

If the propeller shaft torque and 
the engine speed are known, the horse­
power being supplied to the propeller 
shaft can be readily determined. 

Propeller shaft brake horsepower 
(BHP) can be calculated from the basis 
formlllal 

BHP - RfMx~ 
- K 

ACCUSOIY, INTUNAL ILOWfl 
AND PIICTION HOIIII'OWta 

INGINf 01 INDICATED 
HOUtrowu 

,.O,ILLta 
HOISI,OWfl 
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The formula compcnents are: 

RPM : Engine speed in revolutions 
per minute. 

K = A BMEP constant (283) which 
applies to this specific en­
gine installation and in­
cludes the various factors 
and ratios needed to complete 
the formula . 

BMEP - Brake Mean Effective Pres::>u.re 

read en th~ .irplahe instru­
ment 

Then What does ~~nifold Pressure Me~s­
ure? 

Engine or indica ted horsepower (HiP) 
is used to drive the propeller, inter­
nal blower, and vari.cus accessories and 
to overcome all friction within the en­
gine and gear cases. 

IHP is essentially engine input 
power and depends on the engine air 
flow. Manifold pressure, carburetor air 
temperature, RPM, and carburetor mixture 
setting are required to define IHP, once 
exhaust back pressure (altitude) effects 
have been determined from flight test. 
Thus, manifold pressll.re is an accur·" :.u 
measure of one thing on~1 the pressure 
in the intake manifold; however, when 
manifold pressure is used in conjunction 
with other readings, it is an indicati.on 
of engine input. This, in turn, is re­
lated to useful engine output. 

If Manifold Pressure is an Indication 
of Engine Input and Output. WhY Install 
Iorauemeters? 

The torquemeter is used to measure 
output power because it is a direct 
means of measurement. 

Manifold pressure, on the other hand, 
does not detect changes in engine output 
power. Manifold presaW'e is a valid in­
dication of engine output only when cor-

rections Oire I!li1de for cpere.ting vari­
ables, suc;.1 as hLUniai.y, mixture, etc., 
and when the engine is in proper me­
chanical condition. Fer example, sup­
pose fouling of the spark plugs causes 
one engine cylinder to malfunction. 
Engine output power will drop even 
though the manifold pressure is main­
tained by the pilot. 

Then all Power S';Jt t inr~.!L§hr,uld, te n:ade 
with the Torguemeter? 

Yes, but not with the ~c ~uemeter 
alone. The torquemE:ter su;:rplf,T· YJts 
rather than replaces ~b"l llli.<.nii'0id pres­
sure gage. The pror.e:: l:,'.erpret&tior. 
of the relative reaciinf:s o:~ both instru­
ments increases the accur&cy of pcwe~· 
adjustments and depenjability of eng::...-:e 
operation. 

Aircraft performance is the result 
of propeller shaft output which, in 
turn, depends upon BMEP. Engine depend­
ability and dW'ability depend upon the 
power input conditions of which m~nifold 
pressure is a primary measure. An oper­
ator who relies entirely on propeller 
shaft output, as measured by the torque­
meter, is ignoring the conJitions unuer 
which the engine is producing this power. 
Consider again the previous exar;,ple of 
fouled spark plugs. 

If manifold pressure is ir.crease:i, 
at a constant RPM to compensate ~or the 
loss in power, then every operating cy­
linder works harder to supply its share 
of the power normally produced by the 
dead one. The established in~ut to cut­
put power relationship sho~ld never be 
exceeded. 

Proper operation with the torque­
meter can thus be described as U3ing 
the manifold pressure gage to determine 
power input and the torquemoter ~o de­
termine power output. The op~rator 
should be aware of che proper relation­
ship between the tw10 and r..;cot:nize the 
meaning of fa Uure by the -2ng .JJS to 
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·.·1. en t.'·~ & in AdvantA"tt ..JJL hay in~~: a 
!Qrquemeter is to be able to Monitor 
Etiine Condition by Comparing the BMEf_ 
ar4 MP Values shown by the froper Cbart? 

Right, but the torquemeter also 
:~s several other important advantages. 

is very c~.Pirable to measure take­
t>:. f puHe:-:· just before take -off. The 
·: J:9.lli 1 • t.y •Jf fl power plant to develop 

[.,~ite-of,: power anci BHEP should 
'-· ·.,, : , .• ._•.·Jr -·ac :~a·l bef<'r'' \J--;e take-
u1 _' ; ··~ ·.- .. ,.,_,,,sd. The t<.Jl'querueter al-
~ ~~ IJB.y _, L' <,.:lends when t"'y,l fo"' long 
i'&'·:::c~ cruise c:on·u·r·'. 

:<·c · m~:udmum crui.se P.c .. ...:;:.y, m Lx-­
·~c ·~ c''-' Lt L!lGS mr '(1 prec i::e th&n those 
, 1 10 \'l I<' rl;,the c:.UtO ji';lo!l ljUEJ.di'ttJlt d6-
':.!Jr"\.. ~n-) .c.;lqui.1·ad. hnJ:·~·,·J leaning 
m·oced.ures have been established and 
~"'d 0u~lined in the appropriate air­
u:raft :'light handbooks. These proce­
:.!.!I'eS ail depend on relative torque­
lliiJ"ter :::-eadings and other allied in­
IJ~,ruments to determir.e the amount of 
. _., .. xture leani.ng required to provide 
b~st economy operation. 

L~ addition to these flight ap­
_L!.cllt'.ons, Lhe us;;isUcnct:.: of the 
\:.c:rq•J.emeter in eurly detection of mal­
L.ct ':..ons is of great wd ue. As pre­
v~ously stated, the flight crew mem­
-:;,;_~s sc·,oul:l constantly be aware of the 
:-"o_;Je_r· relationship between input and 
=~tput power as a general measure of 
;:;o\Jer plant cond it ior.. 

Several malfunctions, such as burned 
vc.lves, fouled plugs, shorted ignition 
harnes3, bearing failures, and power 
section mechanical failure will be de­
tooted by a drop in BMEP at constant 
mnnifold pressure and RPM settings. The 
o~erators should be constantly alert for 
indications of spark plug fouling during 
long r~:~.nge cruise as indicated hy a grad­
ual drop in pressure on the BMEP gage. 
In fact, proper interpretation of torque-

5-J2 
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meter readings may be a more accurate 
inQication of ignition difficulties 
than the conventional magneto check 
procedure. Detailed information is 
uvaHable in Chapter 7, under Engine 
Analyzer pattern interpretation. 

Observation of the osaillat1ng 
period of the BMEP gage hand will per­
mit an ope~ator to detect engine rough­
ness or irregular oper~tion at an early 
stage. This is onJy true, however, 
where the torquemeter gage system is 
relatively undamped and is free to re­
spond to small pressure surges. 

}he Torguemeter seems to be <> yery use­
!'4) Jnstrument 

It is. However, complete reliance 
on the torquemEter for the control of 
engine power can also lead to abuse of 
the engine. It is important that 
crews do not form the habit of ignor­
lng manifold pressure readings. The 
following are the most critical aLuses 
resulting from sole reliance os the 
torquemeter • 

1. Attempting to maintain a constant 
BMEP value in spite of engine de­
ficiencies. 

2. Attempting to maintain the same 
BMEP value while using carb~etor 
heat and MP values above recom­
mended charted limits. 

As in every useful device, the 
torquemeter has some limitations, which 
cannot be overlooked. Occasionally, due 
to wear, friction, or accumulated tole­
rances, the torquemeter mechaniam lo­
cated in the engine mse section does not 
accurately measure engine power, particu­
larly in the higher ~ower output ranges. 
In such a case, however, the torquemeter 
in question is gener~lly useful as an aid 
to cruise control and as an indicator 
which will detect a change in engine con­
dition. 



-

C-118 

0:1e other aspec~, of the torque­
meter requires consideration. Its 
acouraoy can be no better than that of 
the gage system. Proper calibration 
and maintenance of that qstem, as dic­
tated by experience, is necessary. 

Then Proper ,Aircraft Ma, intenance and 
Operation should include the Torgue­
meter? 

Maintaining all aircraft engine 
instrument reliability and accuracy is 
verr important. A reliable torquemeter 
provides the ability toa 

1. Read propeller shaft output power 

------- ------

::,t-otion 5 

directly. 

2. Ascertain take-off brake norse­
power output on all engines, 

3. Check for equal brake horsepower 
output on all engines. 

4. Improve range by using manual lean­
ing procedures • 

5. Judge engine perform<:mt.:e and con­
ditione. 

6. Detect or identi.:'y ma.ey '-< ,.:-ational 
malfunctions of thi engine. 

TORQU»!ETER (BMEP) TRANSMITTER 

5-13 



-----------------~~-~~ -~~~-

C-118 Section 5 

Cl1iipter 4 

ENGINE SUPERCHARGER 

Each engine incorporates a single 
stage, two-speed supercharger. FotU' 
two-position switches are mounted on 
the upper instrument panel for shifting 
the superchargers from Low Blower to 
High Blower. Movement of the switch 
e~ergizes the 28 volt DC solenoid op­
e~ated supercharger clutch selector 
Vhlve which results in operation of the 
c~utch. It must be remembered that 
this valve does not meter oil but is 
simply a directional mechanism. The 
s.1percharger clutch selector valve 
routes engine oil under r~~ ~sLLre to the 
low or high blower c:utch. 

The dri~ing of the single impeller 
a:. either low or higr" speed w~kes pos­
s~ble higr performance both at sea 
level and at higher ::::.lti tudes. At or 
ne&r sea level, the engine is operated 
i~ the low blower cl~tch ratio, thus 
keeping to a minL11x:n the temperature 
r~se through the supercharger. At an 
altitu1e determined by the conditions 
ill1der which the engine is operating, the 
s.1percharger clutch shift is made from 
tje low to the high clutch ratio. The 
i~creased airflow and higher manifold 
p:essure available in high ratio makes 
possible high performance at high alti­
tudes. 

Eng~ne Ground Operation 

All ground operation of the engine 
such as starting, wa~m-up, idling, taxi­
ing, and ground test checks, except the 
supercharger clutch selector valve and 
blower clutch operational checks, should 
be performed with the supercharger in 
the low blower ratio. 

Supercharger Selector Valye and l3lower 
Clutch Check 

The supercharger selector valve 
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and blower clutch oheok are part of the 
pre-flight ground test, to make certatn 
that the selector valve is supplying oil 
to both clutches and the clutches are 
engaging properly. These oheoks are 
performed as follows: 

l. Warm up the angine until the oil 
temperature is 40°C or highe!'. 

2. With the propeller governor ss•_ in 
the high rpm position, ':Den the 
throttle until the engine manifold 
pressure is eqt.:.iw:.lent to field 
barometric press~e, the tachometer 
should now indicate from 2070 to 
2170 RPH. With the oil temperature 
at 40°C and the RPM as indicated, 
sufficient oil pressure to operate 
the blower clutches is insured. 

). Move the supercharger control 
switch from "LOW" to "HIGH!' position. 

4. Observe for changLs in engine oil 
pressure, manifold pressure, engine 
RPM and BMEP. Prcper selector va~ ~ 

and clutch operat~on when shifting 
from ''LOW'' to "HIGH" position is 
indicated by: 

(a) A momentary drop in BMEP. 

(b) A rise in manifold pressure of 
approximately 2 inches as the 
centrifugal pumping capacity 
of the impeller is increased. 

5. Move the supercharger control switch 
from "HIGH" back to ''LOW". 

6. Observe for changes in engine oil 
pressure, manifold pressure, and 
BMEP. Proper selector valve and 
clutch operation when shifting 



from "1ilf,ij 11 tq 't.LOW'' poe i tion is indi­
cated by& 

(a) A momentary increase in ~. 

(b) A alight drop in manifold pres­
sure, {2 inches) as the centri­
fugal pumping capacity of the 
impeller is decreased. 

Take-Ol\ 

Take-offs, should be made in the 
low blower ratio, whether operating 
with or without water onJection. The 
use of the high blower ratio at or 
near sea level wilJ. reduce the horse­
power available tc the propeller shaft, 
because of the powe:· absorbed by the 
impeller. It will increase the ten­
dency of detonation, because of the 
temperature rise tr~ough the super­
charger. 

Technical Order lC-llSA-1 lists 
the following instructions f~r shift­
ing from Low to Hi~h Blower, 

When the critical altitude for Low 
Blower has been reached, reduce mani­
fold preeeure to approximate~ 25 inches. 

Section 5 

The blower ratio for cruising is 
selected with reference to altitude 
and to the type of operation (i.e. 
percentage of power) deeired. For 
maximum fuel econ011l1 it 1s general~ 
desirable to operate in the low blower 
ratio wherever possible. In general, 
a half- closed tr..:ottle j.n the high ra­
tio indicates the desiratility of 
shifting to the low ratio. 

Descent 

During descent from t!gh altitudes, 
the supercharger should be shifted to 
1~0~ position when convenient. If 
the need for maximum performance is 
anticipated before descending to the 
range of low ratio operation, the shift 
from "HIGH" to "LOW" should not be made 
until the shift altitude for maximum 
permissible BHP in the low ratio has 
been reached. 

Carburetor Air Temperature Limits 

Because the heat rise imparted to 
the fuel air charge by the supercharger 
is greater in the high blower ratio~ 
the oarburetor air temperature (CATJ 
limits are lower for the high blower 
operation. The operator must be care­
ful to observe CAT limits to pre";er.t 
detoDation. 

Low Blower Max CAT 38°C 
High Blower(Above 1200BHP)Max CAT 15°C 
High Blower(Below l200BHP)Max CAT 30°C 

5-15 
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Chapter 5 

CARBUREriON 

Tbeorr of Carburetion 

Cylinder head tamperat~es and en­
gine power sometimes decrease rather 
than increase when the mixture is lean­
ed. A clear understanding of the nature 
of this effect and the direction of pow­
er change to be expected should be thor­
ough:y understood. 

Cylinder temperature and power are 
sensitive to mixture strength. If at 
one extreme, we use a mixture composed 
of too much air and too little fuel the 
resulting temperature and power will be 
at a miniml)lll. At \he other extreme of 
too much fuel and not enough air the 
same results will occur. A specifio 
fuel/air ratio somewhere between these 
extremes will produce peak power. 

If the mixture strength is leaner 
or richer than at the peak, the power 
and cylinder head temperature will be 
less than maximum. The question of 
whether temperature and power increases 
or decreases with change of mixture 
strength depends upon whether or not 
operation is moved toward or away from 
this peak. 

It is well to examine the power 
and temperature variation separately 
as their peaks occur at somewhat dif­
ferent mixture strengths. 

If mixture stre~th is varied and 
all other factors affecting airflow 
are held constant (RPM, manifold pres­
sure, carburetor air temperature, su­
percharging) the resulting effect upon 
power can be plotted as shown in Figure 
1. 
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Somewhere above .040 the firet 
flicker ot power begins to ehow aDd 
increases steadil7 untU at .080 the 
peak 1a reached. Aa enriching is con­
tinued beyond .080, the power starts 
to decrease until at .125 combuetion is 
too weak to furnish a useful output. 
Above .180 the ml.xture will not burn. 

100% 

Power 

0 

.050 .065 .080 .095 .110 .125 
F/A Ratio 

Figure 1 

Transferring attention to a typioal 
carburetor setting, it can be seen how 
variations in the mixture affect per­
formance. If the engine is operated at 
an airflow corresponding to position Nl, 
P'ip:ure 1, and the miXture is ohanp;ed from 
auto rich to auto lean; the operation is 
now brought closer to best power aDd the 
output 1a increased. However 1 it the 
airflow is at position 12, Figure 11 and 
the llixture is changed from auto rioh 
to auto lean; we find that the operation 
11 moved awq trcm beet power and the 
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Carburetor Icing 

Throttle Body Icing 

There are three types of carburetor 
throttle body icing: impact icing, 
fuel vaporization icing, and throttle 
icing, Impact icing can be eliminated 
or prevented by the timely use of car­
buretor heat. Fuel vaporization icing 
is eliminated on this aircraft by in­
jecting the fuel lit the impeller. 
Throttle ice is ge:.~rally formed during 
part throttle opec·i;tion when moisture 
freezes as a result of the temperature 
drop caused by the expansion of air a­
round the throttle · ·dve. The best 
way to prevent throttle icing is to 
avoid a carburetor air temperature of 
- l0°C to + 15°C. A carburetor al­
cohol deicing system provides a 17 
minute supply of iluid to the four (4) 
carburetors, prov1ding alcohol is not 
also used for windshield deicing, 

Mixture Control Bleed Icing 

In addition to the three types of 
throttle body icing, there is also the 
possibility of mixture control bleed 
icing, This form of icing may occur 
when moisture is present in the inter­
nal carburetor air bleeds and the fuel 
temperature is below freezing, The 
moisture may have entered the system 
either through the impact tubes from 
an accumulation of snow or water in 
the induction system, or by conden­
sation inside the carburetor, 

The freezing of the moisture in the 
mixture control bleeds is caused by the 
cooling effect of the cold fuel flow­
ing through th~ regulator body of the 
carburetor, This cooling increases 
with an increase in fuel flow& conse­
quently, bleed icing conditions are in­
dicated by increase in fuel and decrease 
in torque pressure. 

The following procedures should be 
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used when mixture controi bleed icing 
is experienced: 

A. Restore normal fuel flow by manual 
leaning, This may require moving 
the mixture control almost into 
idle cutoff position. 

B. Apply carburetor heat. 

C. Observe fuel :lowmer..~• and BHEP to 
detect return to norma~ operation 
as severe lea~ing will rrsult if 
mixture contrQl Is not r~~urned to 
auto lean as reco'. ry is made, 

Antidetonatlon Injection (ADI) 

A water/alcohol system is installed 
to permit an increase in engine take­
off power, The injection of water acts 
as a detonation supressor, allowing 
engine operation with best power mix­
ture when operating in excess of dry 
limits. The fluid supply is carried in 
four tanks having a capacity of 9.4 
gallons in the outboard tanks and 10.24 
useable gallons in the inboard tanka. 
The supply is adequate for approxi­
mately flve (5) minutes operation at 
takeoff power 

Tbe ADI control switches are lo­
oated on tbe att overhead electrical 
panel. Two (2) dual water/alcohol 
qgantit7 tnaioators are located on the 
·Upper inatrument panel. These quantit7 
1D41oator• ahow the available water/ 
alaobol 1uppl.T 1n gallons • 

The two (2) c1ual water pressure 
bdloator1 are on the engine instru­
aent panel. The,. indioJ.te the pres­
lure at the water/alcohol regulator. 

There are tour (4) red water preB­
I&are tadioatln, lights on the pilot's 
tllcht S.Utrument panel. The lights 
oaae ON when the water/alcohol pros­
IUI'e at the inlet Bide of the reiu.la. tor 
d.rop1 below ll~ • ' PSI. 
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Water Alcohol Manual Control Switohea 

Water Alcohol Pr•••ur• Indicator' 
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Cru.pte::- 6 

ENGINE IGNITION SYSTEM 

Each engine has a Low Tension igni­
::-!.o::~ system. The system magneto is 
Jriven by the engine to create an elec­
~~ical current, which is used to fire 
~he spark plugs. Each ignition system 
consists of a magneto, two distributors 
&'.1 ignition harness, eighteen dual 
t~a~1sformers and an ignition switch. 
T.1e une inauct ion vi bra tor is used by 
e. -..1 of the ignition systerr.:9 d·1ring 
starting. 

The magneto creates a low voltage, 
which causes a current flow through the 
distributors to the transfo:mer tmits. 
T:·1e transformers step up the voltage to 
provide the h~gh voltage needed by the 
~ _nrk plugs. The low voltage through­
o~t most of the system reduces the pos­
sibility of flashoYer. 

The dual magneto for each engine is 
~o~~ted on the front accessory case. 
The magLeto is driven by the engine, in 
a counterclockwise direction, at one 
and one-eighth crankshaft speed. Each 
.ndgneto contains 2 four-pole rotating 
~gnets, four prirrary coils and two sets 
.;I double pole shoes, The magnets are 
~.::,tated by the engine to induce a cur­
~ant within the coils. 

Distributors 

The two distributors are mounted on 
~he front accessory case of eaoh engine. 
i:h.ct. distributor contains an engine­
criven shaft incorporating 2 nine-lobe 
·:llms, plus two sets of breaker points 
1.r.d two condensers. The number 1 cam 
(upper) opera tea the number 1 breaker 
%in ts, which control the firing of the 
rear (odd) row cylinder spark plugs. 
.am nurnher 2 (lower) operates the number 

2 breaker points, firing the front 
(even) row cylinder spark plugs. The 
condenaors prevent arcing and burning 
of the breaker points. 

In the base of each distributor are 
2 rings of contact blocks. Carbon 
brushes pass ovAr these block:: in mak­
ing the proper distr ibut ior. of current 
to the cylinders. 

The designations R-1, R-2, L-1 aJ~ 
L-2 make it possible to identlfy the 
spark plugs each circuit will fire. 
For example: R-1 will fire the ?RONT 
spark plugs in the ODD row, wh1.le 1-J. 
will fire the REAR spark plugs in the 
ODD row. 

Dual Transformer Unit~ 

The 18 duul transformer lffiits ure 
mounted on the top baffle of each cyl­
inder. At the forward end of the unit 
are two connections. One connection 
receives the current from the primary 
coils while the second connection de­
livers the high tension current to the 
front spark plug of that cylinder. The 
rear end of the transformer unit has 
one connection, which carries high 
tension current to the rear spark plug 
of that cylinder. 

The two transformers of a unit re­
ceive the current from the primary 
coils. By having more windings in the 
secondary than in the primary of the 
transformer, .the voltage is stepped up 
until it is strong enough to fire the 
spark plugs. 

lgnition-Switc~ 

The four ignition switches, one for 
each engine, are mounted on the forward 
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1 Rigbt-Ha .. d Dist"b"lor 4 lg~itio• Har11ess 6 Low· T e•sw11 :...sad 
2 Mag•elo 5 Hi~:b- Te..sioPI Lead 7 Traufo,.,er U•il 
3 Left-Ha•d Distflba.tor 

IGNITION SYSTEM LOCATIONS 

INDUCTION VI3RATOR 
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CURRENT TO HIGH 
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OPERATING IN THE 
LOW- TENSION CIRCUIT SPARK PWG 

THICK LINES DENOTE HIGH -TENSION CURRENT---­
THIN LINES DENOTE LOW- TENSION CURRENT---­

(NOTICE THE VERY SHOAT HIGH-TENSION LEAD I 

OPERATING PRINCIPLE 
LOW TENSION IGNITION SYSTEM 
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c..verhead panel. These switches have 
the following po~itions1 OFF, R, L, 
and BOTH. If the switch is placed to 
"OFF" both magneto primary circuits are 
grounded and neither the front nor the 
rear spark plugs 'Will fire. Moving the 
switch to "R" will grou..'ld the left hand 
magneto circuits, but the right hand 
magneto will fire the FRONT spark plugs 
in the cylinders. 

S:1ifting to the 111 11 position will 
erounci the right hand rr.agneto circuit;;, 
c.llow:.ng the left ha:.1d magneto circuits 
to fire the REAR spark plugs in the 
cylinders. Movement to. 11 BOTH 11 allows 
both magnetos to become operative, and 
the FRONT and REAR spark plugs in all 
cylinders will fire. 

Induction Vibrator 

The induction vibrator is installed 
behind the forward o'rerhead electrical 
panel, which is in the flight compart­
ment. The purpose cf the vibrator is 
to supply ignition voltage during the 
starting. The unit is necessary as the 
engine rpm is too low to produce a 
strong enough spark from the magnetos. 

The induction vibrator switch is 
marked BOOST and is located on the 
forward overhead electrical panel. The 
Boost switch is used in conjunction 
with the Engine Selector switch, which 
must be moved from the OFF position, be­
fore the Boost circuit will operate. 
The Boost switch will return to 11 0FF 11 

whenever it is released. 
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Qp(;rational Check-Engine Igr:.itigr. Sxsteljj 

This check is mace during engine 
runup, when the engine manifold pres­
sure is equal to field barometric pres­
sure. 

The procedure is as followss 

1. Move the Ignition switch from 
"BOTH" to "R". 
Observe the EPA and BMEP drop. 

2. Return the Ignition wwi tch to 
"BOTH". 

3. Next move the lgnit ion ;:_ tch 
to 111 11 • 

Observe the RPM aud BMEP drop. 

4. Return the Ignition switch to 
"BOTH". 

As step 1 through ~ are being 
performed leave the Ignition switch 
on the single positions long enough 
for the rpm to stabilize. Single 
ignition operation as long as one 
minute is not considered excessive. 
Tap the tachometer indicator rim to 
eliminate possible indicator pointer 
sticking. 

The normal RPM dro~ is ~;o to '/5 RPM. 
The maximum RPM differ<Jnce t Lowed be­
tween the left and right magneton is 
40 RPM. The maximum R?M drop is 100 
RPM. The normal BMEP drop is 6 PSI., 
while the maximum BMEP drop is l2 PSI. 
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Chapter 7 

ENGINE ANALYZER 

Introduction 

The analyzer is a versatile unit, 
which can be used on the ground or 
in flight. It is limited in its use­
fulness on~ by the operator's ability 
to analyze patterns 1 One does not have 
to be an electronics expert to operate 
the analyzer 1 Anyone following a 
simple checking procedure can pin­
point the trouble to a specific spark 
plug, ignition lead etc. 

Sample analyzer patterns are pro­
vided for comparison against actual 
scope patterns. These sample pat­
terns define th~ actual mechanical 
defect. 

In flight, this provides a means 
of evaluating the extent of the engine 
malfunction. Using the analyzer, the 
flight crew can report the trouble more 
effectively. For example, without the 
analyzer, the write-up would be: 11Num­
ber one engine ran rough at 10,000 
feet 11 • In this case the maintenance 
man must trouble shoot, system by system 
and unit by unit, until the cause is 
found. However, if the pilot uses the 
analyzer, the write-up would be specific 
as: "Number one engine has the following 
shorted spark plugs, front #3, rear #? 
and front #2. Now the ground orew have 
a known trouble, and can clear it up in 
a short period. Furthermore the flight 
crew can report troubles detected by 
the analyzer Ht high altitude, which 
may not occur during ground operation. 

~ngine Analyzer Power Switch 

The engine analyzer is controlled 
by an OFF-ON toggle switch on the engine 
analyzer panel. The engine analyzer 
panel is located to the right of the 
flight mechanic's jump seat. 
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Turning 11 0N 11 the power switch 
sends 115 volt, single phase AC power 
to the engine analyzer amplifier. The 
power comes from the RADIO-ELEC in­
verter through a fuse in the right 
hand annex of the Main Junction Box. 

Engine Analyzer AmPlifier 

The erJ.f;ine analyzer ampHfier is 
located at station 69 next to the 
analyzer panel. It contains the cir­
cuits for triggering, amplifying and 
controlling the indication. The ampli­
fier also acts as a power source for 
the indicator. 

The amplifier has several controls 
to be used in obtaining better patterns. 
Turning the INTENSITY screw controls 
the brillance of the pattern. The 
FOCUS 11 u1ed ' to 
obtain a 11 sharp11 pattern. The HOR POS 
adjustment iJJ used to start tba lead­
ing edge of the trac~ line at 
from the left hand side of the ind1-
cator, To set the horizontal sweep 
length to .the desired 
len~th, use the control marked LENGTH. 

\Ill en 
using the vibration pattern, the m 
GAIN control can be used to obtain the 
size of pattern desired, 

Engine hnalyzer Resistors 

The box containir~ the resistors is 
in the ceiling at station 69. These 
3000 ohm resistors are used to isolate 
the engine analyzer from the engines. 
Thus an electrical malfunction in the 
analyzer will not cause a malfunction 
of the engine ignition system. 

-
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Engine Analyzer Generators 

Each engine has an engine analyzer 
synchronizer generator mounted on the 
right side of engine accessory section. 
The generator is driven by an engine 
tachometer drive, and provides the ref­
erence voltage for the system. 

Engine Analyzer Vibration Pickup 

Euc~ engine has a vibration pickup 
;:.,~~.;-,ted on number 5 cylinder. The vib­
:-a-vion r'ickup converts the mechanical 
v:.trati :;ns into electricr:l signals. 

Condition Selector Switch 

The Condition Selector Switch is 
::Jaunted on the engine analT~ur panel, 
~his switch is ~sed to select the engine 
and magneto to be checked. This switch 
is also used to select the type of pat­
tern to be analyzed such as ignition, 
synchronization, or vibration. 

Cycle Switch 

The Cycle Switch is mounted on the 
engine analyzer panel. This switch is 
used to select the individual spark 
plug and the desired portion of the en­
gine cycle, 

The push button at the center of the 
Cycle Switch selector knob may be pulled 
Gu~ or left IN. If the button is pulled 
OUT, the analyzer will show simultaneous­
:y all the patterns for ~11 of the spark 
~lugs in a row, The patterns will start 
with the cylinder selected by the rotary 
selector knob of the Cycle Switch. Push­
ed IN the button will cause the analyzer 
to show two patterns only, for a more 
thorough examination of the patterns. 
The numbers on the Cycle Switch dial 
identify the particular spark plug and 
thus show the location of the trouble. 

The Cycle Switch is also used to se­
lect vibration analysis. Only # 5 cyl­
inder can be selected for this operation. 
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Engine .Aoolvzer Jnd,icator 

The indicator is mounted on the 
engine analyzer panel, It presents 
its data in the form of patterns or 
voltage waveforms on the screen of a 
3 inch cathode ray tube, 

Ignition Analysis 

The correct procedure is as follows: 

l. Turn the engine analyzer power 
switch 11 0N 11 • 

2. Wait 1 minute for the analyze1 
amplifier and the indicator tube ·to 
Wtirtn up. 

3. Place the Condition Selector Switch 
index line at 11B11 in the ignition sec­
tor of the engine to be checked, This 
indexing determines that the patterns 
displayed will be for both distributors. 

4. Move the Cycle Switch until the IGN 
index line is aligned with the number of 
the cylinder desired. This cylinder will 
be shown first in the pattern series. 

5. Next pull the button on the Cyc" 
Switch knob IIQIJT 11 • This obtains a 
"slow sweep 11 indication showing 720 
degrees of crankshaft rotation. The 
cylinder selected by the Cycle Switch 
position (see step 4) will appear first 
on the left side of the engine ~lyzer 
indicator, followed by the other 17 
cylinders in the magneto firing order. 

6, Check the patterns, if all 18 pat­
terns are abnormal, the trouble is in 
the circuit common to all 18 cylinders. 
This indicates either magneto or dis­
tributor trouble, 

7. If only part of the patterns are ab­
normal, use the Cycle Switch (see step 
4) to bring the abnormal pattern to the 
left side of the indicator. · 

8, Then push 11IN 11 the button on the oycle 
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Switch for 11 fast sweep" operation. In 
this position a careful check of the 
pattern oan be made to pin-point the 
trouble. 

9. The above steps should be repeated 
with the Condition Selector Switch be­
ing .-··oved to the 11L11 and 11R11 positions 
for individual checks. If possible all 
patterns should be checked in "fast 
sweep" for possible malfunctions missed 
on the "slow sweep" check. 

When the check at 11 B11 , 11LII and 11 :.1." 
have been completed, move to the next 
engine and repeat the above process. 

Distributor Syncf4onization Check 

' This check is made to determine 
that both distributors simultaneously 
fire the two spark plugs in a cylinder. 
The distributors are timed to #l cylin­
der, ther~fore this check should always 
be made on #1 cylinder. 

The check is made as follows: 

l. Engine analyzer power switch IIQNII, 

2. Wait 1 minute for the amplifier and 
indicator tube to warm-up. 

J. On the Condition Selector Switch 
set the index line under 11B11 in the 
ignition sector of the engine to be 
checked. 

4. The Cycle Switch button should be 
pushed nmu for 11fast sweep". 

5. Next the Cycle Switch knob should be 
moved to align the IGN index line witt 
#l cylinder. 

6. The ignition patterns of the left 
and right distributors are now super­
imposed. If the distributors are synch­
ronized, the patterns will coincide and 
appear as one. On the other hand, if the 
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distributors are ou.t of synchronization, 
the patterns overlap. The pattern ap­
pearing to the left is advanced in re­
lation to the other pattern. 

7. By measuring from the point where 
the trace line begins and where the 
breaker point opening 11pip11 appears, 
the amount of synchronization error 
can be determined. This is accomplished 
by figuring l/J~ of an inch equals one 
degree of crnnksha ft tre.vel. The normal 
distance between tht:se pcints is 15/32 
of an inch. 

8. Repeat the above procedurv vn each 
of the remaining engines, 

To determine which one of the d~s­
tributors is out of synchronization, 
use the following method: 

1. Leave the Cycle Switch with the 
IGN index line aligned with #1 cylinder. 
The button should be pushed "lli". 

2. Set the Ccndition Selector Switch 
either to 11L" or 11 R11 for the engine 
being checked: (Example: L). If a 
small magnitude activity is observed on 
the pattern ahead of breaker point open­
ing 11pip11

1
the opposite distributor (Ex­

ample: R) is out of synchro~izntion. 
The activity is cacued b~r 11 induotive 
pickup" as the opposite (R) distributor 
opens early. 

J. Now move the CoLditioli Selector 
Switch to the opposite position. That 
is to 11R11 if 1'1 11 Wa3 usea firs~- or to 
1'111 if 11 R11 was used fir:;t. The activity 
should now disappea~. This ~ill confirm 
the fact that it is this distributer 
that is out of syr.cnronizat~o~. 

4. Repeat the process 1"t ur.y engine, 
where the analyzer shows th~t the aistri­
butors are out of synchronization, 
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RPM Synchronization Analysis 

In compuring the engine rpm of 
different engines, number 1 engine 
is always used as the reference. Make 
this check whenever the engine rpm 
synchronization system is suspected of 
malfunctioning. The check proceeds as 
follows: 

l, Cycle Switch &t any position. 
The button is "IN" for "fast sweep". 

2. The Condition Selector Switch 
is set to align the index line in the 
SYN sector at the nurr.ber of the engine 
to be checked. 

3. Check the pattern on the indi­
c~tor. It should be stationary, indi­
Ctcting that the engines are synchroni­
zed. If the patterns shift to the 
right, the selected engine is in an 
underspeed condition in respect to 
number 1 engine, On the other hand, & 
shift to the left, shows that the en­
gine being checked is overspeeding as 
compared to number 1 engine. 

4. Continue the process of moving 
the Condition Selector Switch to each 
of the remHining SYN positions and 
checking the pattern as described above. 

Synchronization l'imi:ng Che~ 

Synchronization generator timing 
should be checked once during each 
flight. The proceJure is as follows: 

1. Set the Coruiition Selector Switch 
to VII3 l.'or tile desireJ engine. 
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2. Pull "OUT" the button on the 
Cycle Switch to obtain "slow sweep". 

3. Turn the Cycle Switch until 
E.C. is aligned with number 5 cylinder. 

4. Check the pattern. The E.C. 
event should be approximately 1/8 
inch from the start of the trace line. 
This indicates the synchronizing gen­
erator is properJy tined to the crank­
shaft, and that during ignition analy­
sis the correct cylinder pattern order 
will occur. 

Yibration AnalYsis 

For engine vibration analysis, the 
engine analyzer is operated as follows: 

1. On the Condition Selector Swi tel: 
ulign the index line within the VIB 
sector to the number of the engine to 
be checked. 

2. The Cycle Switch button shoU1d 
be pulled 110UT". 

3. Next move the Cycle Switch to 
nlign the E.C. position at the number 
5 cylinder. 

4. Check the indic3tor for a com­
plete vibration pattern. 

5. For an expunded vibration pat­
tern, push 11 IN 11 the button on the Cycle 
.Switch for "fast sweep". Then index 
the Cycle Switch dial to the desired 
portion of the engine cycle to be in­
specteJ. 

1 -~ l"l I t1 •'•.itl!~ 
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STUDY GUIDE SOPPLDG'JIT 

19Sl SERDS AIRCRAFT 

1. EIGilfE UP ,6,CCrBSO&JJS 
lfo d itterenae, 

2. llfGIN! ANALYZER 
Anal7zer equipment looated on 

the lett aide ot the a iroratt on 
the radio raok. 

VERSUS 

l 

1953 8IRIIS AIIC.R.U'T 

l. RGIQ A'P ,6,CCIMllJlW 
lo d 1tterenat. 

2. !jHGIQ AIAI.YZIB 
A.na~ser equl)Dent looated or1 

the right aide ot ~,r,·~~t·t 'lt. t!"• 
navigator 1a atation. 
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Chapter 1 

HYDRAULIC SYSTEM GENERAL 

Hydraulic units which operate on 
main system pressure are; the landing 
gear, wing flaps, nose wheel steEri~g, 
brakes and windshield wipers. All of 
the above uaits plus the forward and 
rear cargo doors may be operated on 
auxiliary pump pressure, 

Hydraulic Reservoir 

The hydraulic reservoir, located 
in the hydraulic accessories compart­
ment, has a capacity of 5,4 u.s. gal~ 
lana. Of the total fluid capacity, 
2,9 gallons are available to the two 
enslne•driven hydraulic pumps, A 
supply of 2,5 gallons is reserved in 
the reservoir for the auxiliary (emer­
gency) pump. A foamtns apace la pro­
vided above the filler neck. A paper 
diac~type filter is located in the 

bottom of the reservoir, It filters the 
hydraulic fluid as it returns fro~ the 
system, The filter 1~ retalr;ed hy a 

spring, which allows th~ reLurntng fluid 
to by-pass the filter (at 3 psi), if it 
becomes clogged, 

Fluid level in t!1e resc::rv.Jir ls in­
dicated by a sight gauge on Lhc side of 
the reservoir and i.i rernoLe qu . .ll1::1ty in­
dicator on the upper instrume;1t pi!nel, 
This indicator is .3ctuat(;d lly a l !quid­
ometer float-type tr(lnsmittt::r in til..: 
reservoir, It is calibrated HEFILL, 
NORMAL FLIGHT, and FULL-ZI::lm Pl\t:SSU ru;, 
With the engines operating, th~ fluid 
level should indicate NORMAL /LIC!IT. 
A relief valve on the hydraulic rc~~r­

voir maintains un nir pres.::.ure uf i'l psi 
to supply fluid to tilt: ~llbine-t!rivc:,, 

pumps, 
J- l 
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Firewall Shutof( Valveij 

An emor"~ncy !ihutoff val.v~t 1~ ln­
stulled in the supply lin~ of each of 
the engine-drivan hydraulic pumps. 
Th&lh! shutoff valv~s are located In 

each inboard nacelle aft of the f: re­
wall., Tha valves are operat:ed by 
thelt· re:~pectiva ittbourd engine (: re 
sele~tor hilndte. 

HIIW~;;;l 
I 

Hrflrtwllc I' luirll~~tero•ncr S#ultoH 
Yoln ' 
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I HYDRAULIC RESERVOIR) 

EMine-Driven Hydrau11c Pumps 

Press\ll'e 11! supplied to the hydruu­
He system by two engine-driven pumps, 
on~:~ mounted on the accessory '~uae o£ 
ehch inboard ena ine • Each pump bas i1 

noirual output o£ si.x &allons per minute 
1:1.t. ;!~00 rpm. Failure o£ an eJliine­
driven lq'd1•aulic pump will be bxUa11ted 
by '3 reduced 1·11 te or system pressure 
buiJ.dup during hydrtlulic systam oper~:~.­
tiorl. Thtt pumps 11re il'lter:nu.l:q lubri­
c~ t.ed by hydraulic !luid. Bot.h pumps 
supp~ f'luid to the S.Ystam IIILlii'old and 
t,hf:l.re is no means or 3eleotini one pump 
o~ the other. 

A no111 ~pener ~imilar tn oon­
utt•tJot.ion to a prtiiiiU't acouaulat01• ia 
mcHUlttd on thtt t'i.rewall to Qulpen tne 
~ot ot tho hldr&uliu pump pulau­
t1.ona. 
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Check YH.lves 

One way check valves are installed 
in the pressure lines between the en­
gine pumps and the manifold to preveut 
reverse flow of fluid into the pumps. 

Hydr4ulic ~tem BYpass Valye 

A slide-type, munually operated 
bypass V!llve permi tn the tiydruulic 
fluid to be byp;.ssed directly from the 
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engine-driven pumps to the reservoir. 
This reduces wear on both the pressure 
regulator and the engine-driven pumps 
when pressure to the various units is 
not required. Placing the hydraulic 
system bJpass control lever in the 
OFF {system inoperative) position 
opens the bypass valve. The bypass 
handle is located on the lower right 
corner of the pedestal. 

The bypass valve nay also be used 
in the event of pressure regulator . 
failure, since continuGus fl0w through 
the system relief valve will result in 
excessive heating of the fluid (indi­
cated by excessive pressure on the 
g11uge) endangering the openition of the 
engine-driven pumps and other units of 
the hydraulic system. Place the hy­
dr.'lulic system bypass control in the 
OFF position whenever operation of hy­
druulical~ operated units is not de­
sired. However, during take-offs, 
lundings, or ground operation, the by­
puss control must be in the ON posi­
tion. The bypass valve: does not re­
quire positioning for uper:1tion of the 
auxiliary pump. The Vfclve is installed 
on the hydraulic powf~I' mn.nifold in the 
1'u:1elllp,e ucccssories compartment. 

Pressure Regul~tor 

A pressure regulator maintains 
pr~ssure in the system between 2650 PSI 
and 3100 PSI, hypnssin£ hydraulic fluid 
from the pumps to the reservoir when 
the system prBssure exceeds 3100 PSI. 
rhe pressure regulator ls installed 
on the hydraulic power mdnifold in the 
fuselag~ accessories compartment. When­
ever the pressure builds up in the sys­
tem, the regulator is 1>aid to be "clo­
sed." After the pressure reaches 1100 
PSI, the regulator "opens." This.causes 
pump output to go directly to the res­
ervoir rather than to charge th~ system. 
The pres.sure will now either remain at 
3100 PSI or drop slowly due to internal 
leakage. When the pressure drops to 
2650 PSI, the regulator will close and 




