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(118 FLIGHT CREWS

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

NOTE

Technical orders and other official directives
supersede this handout when the information
conflicts
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Chapter 1

LTHOGUUCTION

The aircrett is a long range, low
wing monoplane, equipped with a re-
tractable tricycle landing gear. The
cabin is pressurized and air condi-
tioned.

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

proximately 60 litter patienis with
proviasions for 6 medicsl attsndants
when used &s an ambulance trenspcrti, or
diversified cargo when used as & .argc
transport,

Accomodations are provided for 4
crew membera: pilot, copilot, flight
mechanic, &nd navigator,
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™e designed gross weight is
107,000 pounds with & landing gross
weight of 88,200 pounds. Fuel dumping
provisions are for the expreass purpose
of reducing the landing gross weight.

Airframe Conatruotdon

The fuselage structure is all met-~
al, It is semi-monoocoque acnstruction
having transverse frames and iongitudi-
nal stiffeners covered with alluminum
alloy. The nose and tall seotions are
removable. The fuselage 1s permanently
attached to the center wing with pres-
sure sealed oonnections.

The outer wing panels and tips are
detachable. The center wing has at-
tached engine nacelles.

Leading edges of the wings are of
double skin construction to permit
thermal anti-icing. Access doors are
provided for wing interior inspection,
except in the integral fuel tank areas.
The leading edge of the center section
between the fuselage and the outhoard
naocelles are provided with asccess pan-
els.

The airplane is soundproofed to
attain a minimum interior noise level,
A flexible mica shest 1a cemented to
the inside skin of the fuselage, over
which a layer of fiberglas batting ia
added. A final lining of laminated
fibarglas completes the inatallation,
These materials also afford a maxinum
degree of fire resistance,

Control Surfaces

The ailerons and elevatars are of
all metal conatruction, excapt for the
plastio impregnated fiberglas trailing
sdgea. They are sealed to reduse the
entry of water and have drain holes and
vents in the lower surface. The rud-
der and its tab are of fabric ocovered
metal frame oonstruotion,

Section 1

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

oase, oontrol is acoomplishe. by vary-
ing the epring load. The elevatiors

are oontrolled similarly, except that
ssparate tabs are provided Ior control
and trim, Inflight, movemeat of any
of the controls sctuates thos cpring
control tabs for that systeu in an op-
posite direoction tc the intended move-
ment of the surfaces.

With no airloed on the surreos,
movement of the caontrols fron tie
flight compartment will mov: “he mein
surfaces only until thet surfacsc meets
its stop. Further movement of the oaon~
trols will then deflsect the tabh in an
oppoaite direotion to tne ma.: surfece
against the apring load in ihe¢ tab,
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Doors ard 7xits

. "The main careo door is on thse left
side of the fuselage aft of the wing
and provides an ovening 124 inches wide
b 78 inches “1igh. The door is divided
into two sections. The forward section
opens outward (passen-er entrance) and
swin»s foward. This section may be
used independently of the aft section.
The aft section is hydraulicallvy oper-
oted from the emergency hydraulic sws-—
tem and orens upward., This aft door
opens to a maximum of 172 decrees. A
hold-onen rod is provided for support
whe:. the door is openad to its normal
rosition of 105 degrees. The passenger
entrance door mav be jettisoned by un-
loctines and pulling the hinge pins.

The aft section cannot be raised until
the forward sectiori 'is latchied in the
Open‘position or is jettisoned.

The forward cargo door is also on
the left side of the fuselage but for=-
ward of the provellers. It is opened

EMERGENCY EXTTS
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upward by the emergency hydraulic sys-
tem. This opening is 91 inches wide by
67 inches high.

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

The lower cargo doors open ocutward
and down, providing an opening of 37 x
51 inches. These doors are located on
the right side, one forward of the
leading edge of the wing and the other
aft near the trailing edge. Rubber
hungees are used to assist in opening
and closinrs the doors. Safety latches
ara installed to permit restricted open-
ing of the doors for gradual depressur-
ization in the vent of primary latch
fajlure. iHatches are installed in the
main cabin floor to provide intermal
access to the lower compartments,




Five smergency exits, all operiing
outward, are provided. Two hatches are
located on the left side and thrse on
the right side of the main cabin, Each
hatech has s standard cabin window. The
lower part of each exit contains the
release handle and 1ls 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.

Groung locks

Main and nose gear ground locks
should be installed after landing and
should remain installed while the air-
plane 18 on the ground.

Gugt j.cckg

The surface controls are locked
from the cockpit in a neutral position,
as follows!

1, Place all flight zontrcls in the
neutral position.

2. Lift the gust lock lever, on the
floor inboard of the pilot'!s seat,
to a vertical position.

Equipment
A 20 man 1life raft for the crow

Section 1

(standard cargo aircraft) is stowed
inside the cabin on the left side just
forward of the forward cargo doar, Om
passenger, troop or litter airoraft,

in addition to the life raft for the
crew, four 20 man life rafts are stowed
on the left side just forward of the
rear cabin door,

Five hand fire extinguishers are
located ss follows: one by the navi-
gator's station; one on the left side
of the crew compertment aft of the
radio rack, one farward of the rear
cargo door, one in the rear of the
cabin on the right side, end one on
the forward bulkhead above the crew
bunks.

Standard AF tie-down fittings, ar-
ranged in a 20 inch grid pettern, are
installed in the cabin floar,

The crew'!s toilet 1s located in
the forward cabin on the right eide,
aft of the navigator's astation, . Addi~
tional toilet facilities are provided
for othar configurations in the ex-~
treme rear of the main cabin.

There are two folding bunks for-
ward, on the right side, for crew mem-
bers and & portable bulkhead 1s in-
stalled aft of the bunk.
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Chaptir 2

OXYGEN SYSTEM

Descrigclon

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.
Three 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 are installed inthe
flight compartment for rechzyging the
portable cylinders.

Fixed Oxygen Syst.:

*

Two supply cylinders 4are installed
in the wing center 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

1 lLining Pane!
2 Filler Valua
3 Chain

4 Valve Cap

3 Name Plate

10 OXYGEN
CYLINORRS

/
Oxygen System Filler Vaive

1-6

cylinder on the right side is 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 me-
chanic positions. One additional
asgsembly is installed above the crew
entrance door for the navigator.

Litter Patient Portable ngggn Cylinders

When the aircraft is used to trans-
port litter patients, a rack containiag
six portahle high pressurc oxvgen cyl-
inders is installed on the right side
in the rear of the main cabin. Each
of these cylinders is secured in the
rack with a quick detachable strap
assembly. The rack 18 secured to the
fuselage floor by using four cargo
tie-down fittings and adjustable strap
assemblies.

Litter Potiont Olﬁon




CXYGEN DUFEAT7ION, HOURS (UNPRESSURIZED)

GAGE PRESSURE (PSI)

ALTITUDE

CREW MEMBER(PILOT)

OHE TYPE D-2 CYLINDER
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Caerpurstor Aleohol [:- oing wiolLetors is available from 16 gal-
' . vrovided alcohol i3 not used for
Iscpropyl aleshsl 9o A-11iinad oo ~+ ~1ahield de-icing system.
der pressure *c a spray manilold i:n
each carburetor for the eliminaii . o. Windshi oh -
ice in the carburetor intake fthroszt.
It 18 supplied from the }# gullcr e Tre exterior of the windshield is
located in the right wing fillat »rd 19 ‘~=3 from the same system as the

routed through a pump, filter, =r co muretora, It has 1ts own ON - OFF
solenoid shutoff vaive tc amch o oo - sh operatos the pump and a
ter. The system 1s controlied T ..ol shutoff valve, A metering
apring -lcaded switches on tin niw i valive L5 located to the right of the
control panel., The alcohul uo - olig silct to ;ontrol the flow. When the
system pump is energized <. . oo 3. tag valve 1is in the full open po-

responding shutoff valve . 20 [ 1, & supply of 16 gallons will
when any one of the oar: e Lie o arprusimately 48 minutes, provid-
switchaes are closes, 2 - . < v =lcohol 1s used for the carbure-
minutes. continucus flow ;0 L7ing system,

¢ homs g o TS 4,
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Solemoid Shutoff Valve
Fluid Line

Carbutretor Airscoup
Jets

Filter

Cuarburetor

Windshield Spruy Tubes

Aioohal Dedeing teie

Section 1

8
G
10
11
12
13

Windshield Alcobol Comtrol Kmob
Windshield Alcoho! De-fcer Switech
Supply Tanmk

Pump

De-lcimg Fluid Quantity Indicator
Carburetor Alcobol De-leer Switches

“mponent Locetions 1-9
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The fuel tarny inatrnlistion extenns
throughout the length of the wings.
It consista of both integra’. com-
partments and bladder type fuel col':
The integral tanks aro built into the
wings between the center and front
spars, The cells are arranged be-
—“ween the main and rear spars and alsc
aft of the rear spar. There urg i
integral compartments and twenty-:.uw:
celils arranged and interconnectsd s
as to form a total of eighv te..wns.
These are identified ag ferir muin sa:
four alternate tanks, or &« zuin avg
alternate tank for each «:..  :n#.
following table shows ti:-
fuel capacities of thg v=r. Soie
Serviesanis lides

Gal.. liseable

Tanks * Celicng
Nos. 1 and 4 Main T o
Nes. 2 and 3 Main TS g
Nos. 1 and 4 Alter

ngto iisBl ¢O 1(:.;
Nos., 2 and 3 Alter-

nate 1. 1524

Total 2 5404

The Nos, 1 and 4 aslin tank
large integral comparimenty. The Nos,
2 and 3 maln tanks consist of one
irtegrel compartment and three ce.ls.
Trhe Nos. 1 and 4 alternate tanks con-
alst of one integral ccmpartment «
tWo cells, The Nos., 2 and 3 =iterrate
tanks are made up entirely of aeils,
six to each tank.

Tank Selectoxr Valve:

There are four main selector
velves which control the flow of fuel
to the individual engines and uwhich
select either the main or alternate
tanks of the respective engines.

These valves are of the three-positicn
type and are controlled by lsver:, one

1-10
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Section 1

eqcit vaive. Tney are located on
il forward face of the control
redestal and are marked with the fol-
uvositions; "Main On" (forward

LEES

[

LAt

(S

-, green band), "Alternate On"

+ sitiong, red band), "OFF®

. onsition, white band). Selector
ve controis should be in the "OFF®

i
L

mowhensyer tHe engines are in-

v

MAIN AND ALTERNATE FUEL TANK

SELECTOR VALVE LEVERS

SN DR (Me:in rank suppiying 7=spective
3 [a3 Sl
[AEEES1) (Anercate tank supplying
{ eroeCTive enganc)
]
¥ (Both main and slternate tanks
e ofF
e e m e R e
wisea-Feed Jalveg

-

roaa~feed valves are placed at

Tl

B

5 points In the crcsa-feed system,
“are installied in the fuel supply

un the engine side of the fuel
s 2lechor valve, providing a link

-feed valve ¢

s ali tanks wnd erngines. Two

[e]

ntrol leveras (which
Lhe three-position cross -feed
ira iceatsd on the control

g

camiaedl to the rignv of the tank se-

b e

FL

gR

levere, Tneir vcsitions aret

LEFY CROSS-FEED LEVER

thete wirg cron-leed system closed)

i (Eapines M and Noo 2 being supplied
Peovw samic it wang fucl tank)

T 52 hos fuel from right side of airceaft
sy svadable to deft engines when right
cros-ieed lover i3 10 same position)
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siec.rioal motor,
SR : .. =2 irelde the tank
OF e : ~wwmerged.  All
i ctnes ol poewvar pupps are of the
| syiprre ] “oa . 00n the pump motor lo-

ENG. 5-4 (ageres No Tam? Moot qun citad oz cia tha tgank,
i phied foncy vame Tl R ow w
Ve trizelly driven fuel boost-

r %
cemtrolled by individual
inon switcheeg, grouped on the
ecison panel In the cockplt,
.o oS =-HICH,  The pump
: - S {'s gpeed boost

Boogter Fumps Scnge e oo oenmoer B0N Yenst is pro-
widad oobieridy tery use in the event of

Electrics? oy TR . cvzing Arvver vuor fellure. It i3 rec-
pumps are us¢.d oo oooopaament o0 “u o ogiliez be started with
ine driven 1umus soetdra T ; s ;;V boost except
driven pumn fr.s¢” : v ooxd wWeather,
the cavitat: on [

¥
All ENG. TC iMakes tuvi from ol suly o7 P 14
CROSS-FEED avariabic o fieht copaae s v .

ceossford levees ge e sain. o

i ce. resgares With booster pumps
One booster g

* the bottam 7 ruo- wulp lank.
an integral =~ -~ uriesad of o

1200 RPM=-=-.1/ D37
-~ -

AliowRL g~ - R Y

RYERS AL PUMP

a=li
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A warning iigbt
time the fuel D“Gﬂ‘m & Orons DeiIOW
18%1/2 pPsI,

A recomumended use of fuel booster
pumps in low boost ared

= 1, For engine start,
~ 2, For take-off.

3, During climb after reaching
10,000 feet to oruising elti-
tude.

- 4. When selecting a new fuei sup-

Ply. ,

5, For 1-1/2 hours on :ne seleoted
fuel tanks after vu=shing
cruise altitude,

6. Any time the fue’ rnrsssure dropa
below 22 psi or 7. - .avews.

7. For oil dilutioes.

—= 8, Landing

*

Tapk Shut-Off and [7:cis Valves
Each tank system (s~ & mANUA.LLY

operated tank shut-c:{ and drain valve.
Eaoch valve 1s acoesvible through an
access door in the under side of the
Wing., When the valve handle is in any
position other than "TANX TO SYSTIM®, a
ocurved rod, which is linked to the
handle, protrudes through the access
door opening to prevent cleming «f tis
door, This safety deviocs is dasigmpu
to prevent take-off with a shut-off
valve in the "TANK OFF" position,

Zhermal Reliefl Yalve
A thermal expansion relief valvs,
preset to open at 65 to 85 psi, is in-
stalled in the left crosa-feed valve

junotion to relieve the thermal expan~
sion of fuel in the orogs-feed system,

Fuel Stralners

Four fuel strainers, ore mounted
in the lower aft section of each na-
celle, trap sediment and wuter in the
fuel coming from the tanks. The

1-12
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zogt nsouseized deily to re=-
ENROIES ¢ e watsy.  Perlodi-
anily. the sirsinscz are rezoved and
sisanad of sedimsnt accumuiation,

Firzvald Shut-0ft Yaives (Bnargengy)

k fue! emergency shutoff valve is
?~aated iis the fuel supply line and on
« &£t aide of the firewall in each

huﬁe*le‘ Its purposs is to shut off
‘e woreis of fusl %o the engine in an
The smergensy shutoff vale
ver are oable operated Uy four f{ire
extinguisher selector vaive handles.
These handles are located at the top

of the main instrument pans’l, below the
giare shield. The valves ars closed

b welling the respective handlies.

.WM ": [ p

A positeove dispiacemsnt vane type
#nel pump driven by each engine is
uwand te pamp fuel from the tanks to
tra erginea, Faon pump has an adjuste
sbie =i el vuive 1o vegalate fuel
prescure and o bypass vaelve to permit
fuel, under pressuwre from the electrioc
beosiar pump, to flow through the pump.
Since oavitaticr 1z possible under cer-
vhi* ,ciditicna, auch as decreased pump
&7, pressurs {increassd al*itude) or
115 sl tenperetires, it zay become
necessary tc assist the engine pumps
v use of the elecirically driven
LoogLer DURPR.

RS A A

Vapor vent raturn lines &re ocon-
necited o each engline carburetor. The
sanopr vent lines from the Ho. 1 and No.
2 carburetors ars routed baek to No. 2

main fuel tank; ths vapor vent lines

frae ko, 2 and No. 4 osarburetors are
routed bask to ¥o. 3 main tank., The
return flow wili normally be less than
2 geilrps p2r sngine per hour. It is
rfaaibLe %o obtaln & maxisum flow of 20
to °7 zsxllong par engine per hour, be-
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SEUNTE

cause of caro
vent floatl siiuvkl Ll v

the fuel level of the
main fuel tanks socuxd be checked pev-

VoL o« oand Ko,

lodically to avold cveriililing.
P
Ihermad Bxanaion Llier
valre

Aslde from the previously men-
tioned thermal relief valve in the
cross-feed system, all fuel chac: T
valves Installed in ine fueli &1 &
tem have a thermal expansion hisesd °:
corporated in the valve. SRR

Iank Ventc

All fuel tanks are -~ & to o the
atmosphere through & wi..: o
which prevents fuel {ftvs 5.
board as a result of excassive
Some of these vent Pinenta
contained inside i sroper,
others are outslar TETX . vant,
compartments are nartitioned horizon-
tally with a vert liue leading into the
lower portion from the iank area and
another vent line extending from the
upper portion of the outside atmospherse.
A hinged flapper valve in the vent coamn-
partment partition swings open under
normal conditiona for venting and el:
auatomatically to pravert laakage oo
surge conditions,

BUTKE .

T The

If the internal pressure of a fug
tank should increase abunormally, wvuon
pressure will be limited to 2.5 psi,
which is the opening static pressurs .
a welght loaded relief valve. When the
relief valve opens, it aliows exces
pressure to enter the upper port iwn ol
the vent tank and exhausl overboasd.
However, in a sharp turn, the same can-
trifugal action that forces the fuel :»n
an outboard direction, increases the
downward force of the weights on the
relief valve, thereby making it un-
likely that the relief wvalve will eve:
open under such circumstances.

1-14
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5 - L. B8 Are Tl
& ﬂme’érArv Jetilsoning
Saght Lo dscrease the a

wely Each main and

0

ht.
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-

ir-

‘e tank ls fitted with a sump
5banup; e 1s installed in
anin tark that when all possi-
OB N i1 level Ilight,
vl Uoonoue ~eumain in the
: oo imatelr 49 min-
' L ,cwe*, or
: Iognt ratet power.
4 mped svert 3 from au ax-
shate n¢ tho oo =f each ng-

DQusn ¥nvee ind chutes are con-
2 rigges control
A eosath the floor plate,
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£ § - e T . . e e e e
aft of e oo cenering, o

handle conlorni e
dunp valves

HIG

d UPEN,

CLOSED-LRAIN~ end LDREL Wl Lot LY LpEL
sition extends the dump chute and {5 meinoand
opens the two dump valves in rne . pel- zal operaticn,
ation., After trne dumplog operation row from ot

is completed, move the handle tco *ho e engines,

DRAIN position and allow five minutes noone

for residual fuel to drain. ihen - BECP U B SR

tract the chute by returning the . aniie Tias rninaies
to the CLOSFD pecsition. oeine L

s Tt W

Ly i P .k

The maximum speed at Jhilon o
be Gumped is 185 k.. ;
gear and flaps mus . we Ul
ing operations. -
456 gallons per =i. :

Fuel System .

Various tank to englne crmbineation:
of fuel feeding cay ‘e obtoired by ro- e S
" fees s
Vo RV Q7 ATE N
MAIN ON DIRECTION OF ARROWS
WHERN LEVERS AN
MOVED AFT
LEVERS IN
ALTERNATE ON RELATION TO VALVES
- r
OFF ‘
i
NUMBER } NUMFER 2 4
TANK SEL NUMEER 2 ; NUbAEER J
ENGINE ECTORS T Noing

ENGINE

CROSSFEFD

e ECTON
CALYE e

T SELECTOR
VALVE

»lternate tanks, F

When a trunsfer is
tank to another, turn the hoox-

tre nsw

R 0,1 R i R
5

Sectlon 1

IZ oiCh engins on betn
or
tukecff 1s made with i
the resye
made

scurce 4o LOW.
flow tc the

o Jesti-
rect Lonx
' Select
cpening that
G odirest Do
ired Ly ;o-
roms-lend valves for
SRS HAUE
OFf OFF
X-FELD X FEET
BETWEEN BETAWEEN
TOAND 2 3 AND 4
Ay v ALl PN
fe I N33 2> 0 K68
canisiegp EMBL
ENCINE
CRUASHELL
WALVE
N
A3

SELECTOR
waLvE

NUMBER | nUMBER 2 | | Sl umpEn L mumseR 1 [ Numser o | | NumBER 4|
MAIN MAIN LA A EETSIS IV I AN ALTERNATE | MAIN
L AR oS e U L -

PR PR e ,1 N jJp——

i ! | ; ki ’

Lo o __J__l_,J i
NUMBER | ALTERNATS LEFT-HAND WING PIGHT. HAKND WING RUMBIR - ATURNATE
TO NUMBER ' AND 2 T3 NUMBEX « AND &

ENGINLS ENG
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Trhe 1 anti i
piied from No
heater is saup: .
tank. A cross-feed nrranpement maken
1t possible %o cperate sl hexto
from either tank. Opovaiion ot
cross-feed system is contralled eler
trically by a tagele swli-h oo 77
heater control panel,

The heater fusl doisir 70
valves are manua’ly
selencid~cpersted fusl ~totod
operate simultanecusiy - GRS
fuel pump.

AUXILIARY BCRAFD 0% s
\ (Teart,

i
“LOUENOID-OPERATED
SHUTOFF VALVE

AIRFOIL ANTLICING
HEATER FUEL PUMP

SHUTOFF VALVE

Tmﬁf::{

FUEL CHECK YALYE i
FROM
NO. 3 FATER ACCHSORITS
MAIN_TANK CONTAINEE

ANTIICING HEATER

Meater wmd Auriiinen 0 a
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FRE EXTNUSHER SELECTOR VALVE HANDLE POSTIONS —Typicd
{POISIYION '3 % PO:ITION 2 } {POISH'ION 3 ? LPOllﬂON 4 ? f TﬂﬂONI :?
— = | — =

l 'F_L

——

FULL OUT CLOSES AlL RLUID SHUTOFF VALVES

¢ AT HREWALL, OPENS COy VALVES, AND SHUTS
OFF AIRBLAST TO GENBRATORS AND TO EN-
GINE DYNAFOCAL LORD MOUNTS.

Main Fire Extinguisfer Selector
Valve Handleg

Eight fire extinguisher selsc-
tor valvs handles arse mounted in a
row on the main fire control panel
immedietely below the glareshiseld. .
The handles are identifled from left
to right, atarting inboard of the
left CO2 diascharge handle, as followat
FWD BAG, HYD ACC COMPT, engines 1, 2,
3, 4, HEATER COMPT, and AFT BAG. Each
hendle selects the area for CO2 dis-
charge but does not discharge CO2.
The engine selector valve handles al-
so operate the emergency shutoff val-
ves at the firewall,

Main Fire Extingulgher CO»
Discharge Controls

Two CO2 discharge handles, one
for each bank of CO2, are.mounted on
the outboard ends of the main fire
control panel and are identified as

1-1R

=

MANUAL RETURN 10
SPRING STOP POSITION
PARTIALLY OPENS O
SHUTOFP VALVE BUT
DOES NOT CLOSE €O,

VALVE ¥ €Oy, WAS
KOT DISTHASGED,
ALOWING AR BLAST
10 MACH GFI2ATOR
AND ENGINE DYNA.
PFOCAL LORD MOMNTS,
AND OPENS ALL "LisD
SHUTOR® VALVES AT
PREW SiE,

AUTOMATIC CLOSING
OF CO; VALVES ONLY

& = LS
DISCHARGHD.

VALVES IF COs WAS
NOT DISCHARGSD.

HAS BEEN

followa: LH CYL and RH CYL.

Main Fire Extinguishing Svstem
Indicators

Dual warning lights, mounted in
each fire extinguishing selector valve
handle and CO2 discharge handle are
illuminated by action of thermal firs
deteotors inatalled in the oritlcal
areas or by actuation of the respso-
tive fire deteotion test switches,
Dual lights are installed to insure
indication in the event of failure
of either bulb, Thermocouple-type
fire detectors are mounted in eash -
nacelle area, forward and aft of the
firewall, and thermal switch fire de-
tectors are locatsed in the lowsr fuse-
lage ocompartments. If a fire is detec-
ted in an area protected by CO2, the
light on the appropriate selector val-
ve handle and the lights on both CO2,
discharge handles will illuminsta., In
the event ¢f a fire warning in Zons I
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of a nacelle, the ilignt on the rosu-
pective selector valve control hana-
le will illuminete, but the lights
on the discharge handles will not
11luminate, since no COp dischargs
is provided for Zone I,

NOTE

Each nacelle 13 divided intc
three zones: Zone I, the powsr
zone} Zone II, the engine accesscr-
les sections; and Zone III, ths
arsa aft of the firewall, Zonse 1
has fire detectors only, while Zones
IT and III have both fire detectors
and CO2 protecticn.

Santlon ]
sooeddivion Wohe main Uire oo
ting isher panei warning lighis, @

topierily locatad fire cetsctors wi.
acturte fire warning lights on ths
heater control panel. A dual red
warning light, on the heater fire
control panel and on +the auxiliary
;ower unit panel, will both 1llumin-
ate to indicate a fire warning from
the GTPU,

Fire Letector Test Ssitches

rire detecior test switches,
mounted on the heater fire control
panel, provide & m«ens of tssting
the detector circuitaz,

 HEATRR FRE
CONTROL PANEL
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Windshleld and Radome Antd-Ioing

Hot air supplied to the windshield
from the cabin heater is routed up the
center post of the windshield and for-
ced between the inner and outer wind-
shield panes, The air is exhausted to
the ocurved corner windows through the
cornar posts of the windshield, It ia
then exhausted either into the flight
compartment or beneath the floor by
the windshield exhaust valvas on each
side of the cockpit,

In addition to uupylying heat for
anti-icing, this system aiz: n“pn‘ian
the necessary heat to na* * i1
vinyl layer of the wimdshicld in &
aufficiently plastic state to retain
its impact-resistance, Vi:yl bscomes
soft when too warm and rrittle when
too cold., The desired farparature
range is 80° F to 120° ¥,

X

Gontrolg. The control switch on the
heater fire control panel is qgrked
OFF ABOVE 10°, DEFOG 10° to O

to -40° and ANTI-ICING & RADOME The
temperature selections are in degrees
centigrade and the switch should be
positioned to correspond to the out-
side air temperaturs,

In the 10° to 0° position, heated
air is supplied from the cabin super-
chargers only, In the 0° to -40° pos-
ition, heated air from the cabin heat-
er 1s supplied providing the cabin
heater master switch is ON. In the
anti-icing position, the anti-icing
control valve opens fully end the mix-
ed air duct damper in the cabin mix~
ing valve creates a back pressure to
ircrease the cabin heater air flow
to the windshield,

Radome anti-icing is controlled by
the Radome anti-icing switth on the
heater control panel, This switch con=-

1-20

ETUUR b ;
calldlN e sl

trols a solsrola shut-afy valve in the
windshield arti-izning dust which ecan
direct heated air through ducts to the
Tiberglass ncas, This shutoff valvs
i8 locats 4in the ness wheel well.
Plaoing . control switch to RADOME
AdI-ICING opens the valve and allows
iskted air to bs distributed through
the fiharglass noss

Windshisld Heet Selecta: Switch

The leading sdgs ¢f ihs wing and
stabilizers are kepi ice {ree by thres
combustion heaters. These heaters re~
ceive their normal fuel supply from
No, 3 main fusl tank or their emsrgen-
oy fuel supply from No, = maip {uel
tank, The normal fueli consumption sof
sach heater iz approximately 3 to 5
gallons per hour, The syatew iz con-
trolled by a group of switches cn the
heater control pamel, In flight ths
heaters receive ventllszing and com-
bustion alr frem the sirscoops. During
ground oparstiona the wing haatars are
supplisd with ram sir for ventilation
from No, 2 and No, 4 propeller blasts
and combustion esir from the ground
blowers. In the tail anti-icing ays-
tema both vaﬂtiiating and combuation
alr are supriies by s hiovaer fop
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ground operation, Wired through tha
left landing gear strut switch, the
ground blowers are automaticallv in
operation whenever the airfoll ds-

icer switch is ON and the welght <.
the airplane is on the landing gear,

A group of cycling and overhest
thermoswitches in ths heater air
ducts regulates the temperaturs of
the air leaving the heaters to a
maximum temperature of 219°C., Thess
temperatures are indicated on ths
heater ocontrol panal temperaturs
gages.,

Controla A single ON -~ OFF awitor
controls the anti-iocing heaters ana

is mounted adjacent to the cabin Les*
switch on the heater control panel.
gang bar is mounted above both switch-
es for simultaneoualy shutting OFF
both aystems, Adjacent to theas

PR r;uk‘ iu: R

EAE Vi .

awilehss &re ogges owitcheg for sel.o-
ting elther dual or single ignitioc: a:n:
No. % or No, 7 fuel systems, Zach ig-
i Zval system 13 irndependent
. L5 neatsrs in the «-
11y oparation or faliurce of
rirels, A hamter Tuel eys
siLed at the extrame ..
saa%irol paiel operates
“oel arosa-fead valva.

i naster is locoted in
amter crongsorien ccmpa‘.“u“ . Ll
ta prodecel by apraying fuel into i
sombuation air anag igniting the fudl
aie mirtura, Cis arsbusation elr oo

sme from o eithar e Wing combaniiorn
2:x ntake, locater on the lseading
wige of the fus&luge or from the
grownt oodaer. The combuastion flan. oa

b vryed s S e e Y ire e e
Lepydy &R Lo o tLoE ienguho o T
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shamber heating the venli.stling allr ss
it passes through the outer chamber of
the heater,

The ON - OFF cabin hesxter master
control switch is mounted adjacent to
the heater ignition selector awitches.
The OFF position shuts off{ the heater
ignition, fuel supply and the cabin
heater fuel pump, regardless of heat-
er fuel and ignition selector switch
pusitions, This switch should be op-
erated ONLY when the heater must be
turned OFF as a result of erratic
heater operation or to meintein a
consistent temperaturs :iur g manusl
control of the heaters,

A cabin heater drop-+v  =sfaty
switch 1s provided in #&- - «tar aym-
tem to prevent the heats: combustion
chamber from exceediry #« #sfe tempera-
ture, :

1 i8 raretion of
the temperature control syatem is
automatic after the tsmperature has
been manually selected by the cabin
temperature rheostat located on the
temperature control panel. The rheo-
stat control is marked with a range
from 60 to 85 degrees Fahrenheit.

Cabin Temperaturs Contrel Pome!

A manual temperature control door
on the cabin temperature control panel
de-energizes the automatio control
circuit when 1t is opened, Cloeing
the door returns the syatem to auto-

1-26

-bridge airouit, A ol

RS S RPN UTIURTN S S SRR P, Bl £ o
the oot aonls Lo who soeltlon of the
cabin temperaturs mixirg viive, One
pushtutton will olices Fort A (Cold)
erd cpen Port O (Het), To prevent
cabin tecperaturs cvershoot, move the
csiin tsmperature mixing valve in
amall i crements and wait for tempera-
turs oh. zes., A gege showing the pos-
' the mixing valve is adjacent
L menual conirol deor,

O RN

T ceerpit tempeosturs 13 normal-
Cv conglstent with nczhin Lampera-
ture, However & rhecsis® ou s hester
fira control penel percits menual teap-
arature variaticn withis o cockyd .
Hoat 18 delivered through ¢ distri-
tuting dust when the cockpli .apera-
turs control is pimced in the "WARMER®
pomition and when the wiisdshield heat
awital iz dn the anti-icing posltion,
sithough the hnt 2ic axhaust rom the
winganssud mey be diveried nlo the
mroaath the fiom ap dealr-

‘:k,jQE.‘,v.“ - -~ oo

%&'}

Witn the windshield anti-icing

heat ON the 2ockrit temperature con-
trol should he in the NORMAL poasitionm,
The cockpit mixing valve movement is
asontrolled by tha cockpit temparature
aontrol rhecstat. 4 40-degree clock-
disze rotgtion o7 Vi roscetat is re-
quiraed to turn tns heatsr ON which will
ey bk okl Ss . To receive

, tha corkpit from the cool-
wirbine, the cockpit temperaturs
Lhed ghould be { NORMAL pog

The thermis s~ is a special temp-
arature sensitive reuistor used in the
“ablin temperatuw-s Wicsl sontrol
sister blower
draws the air ovar ihe thsrmister while
the airplane is on the ground, A small
venturi accompiishes this in flighs,
The thermister senses sny change in

Lensarzture snd ssuses (o: csbin mix-
CgoVel ot ha o o sreardingly,
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s STEON . AIR CohL T COAED BTN
cenerad sirad cabin tampazature. From the tem-

p&ratxae conditioning equipment, the air
is digirlbuted and ciroculated throughout
tha aircraft by a cystem of under-floc:

The aircraft ls sguipped wii*
heating and ventilating system

to keep cabln air temperatures wi f”L‘ =1 wall ducts and is eventually dis-
comfortable limits for passengers «ni ¢iarged overboard through a cabin pres-
creWw. The equipment consists of = ¢ gure 2ontrol valve in the side of the
engine—driven guperchargers, installed fuselage.

in the outboard racelles, which ciorrlo

pressurized alir to the tempersi. Lo fiy an automatic and/or manual sys-
ditioning egquipment i the fuse.age, tem of control, ir pressure can be

An automatic tem
regulates the

maintained so th » the alrcraft can
travel ot varying s=ilitudes p to ep-
by means of a «« p“oximate;y 25,000 iaet without discam~
mixing valve. nl Torisin the cabin., e fugselage cean ba
from a corling: conentoody ey ve.pldly depressurized, in case c¢f emer-

an afterzcolesr oottt oade Fronos ¥orey, by moving e emergency cahin
capln heeater, silves any two of tlam in ~ltitude control tc the extreme ccocun-
the proper v ~*icns to glve o de- ‘erciockwise positicn., This opens the

220 23

it

; i X W|Pressures based on use of Kollsman ratio limit switch,
46 bl ! i “iModel 1008 BX-02
: ijValues should be within 0.5 inches Hy. of the

34
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emergency relief valves and the dump
valve,

Heating and 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 sufficlently as it is compressed
to naintain the cabin temperature with-
.n comfortable limits. When both
superchargers are inoperative, a bypass
check valve in each outboard nacelle
will allow ram air to enter the cabin
for ventilating purposes.

Adjustable cold air orifices are
located at each crew station and in
tae toilets for individusl raguire-
ments of air that is coaler than that
supplied by the conditioning system.
All of the temperature controls are
located on the heater control panel
in the cockpit.

CABIN VENTILATING
AR DUCY

-

Section 1

The basic unit of the cabin tem-
perature conditioning system is the
three-port mixing valve, which receives
cold air from the cooling turbine, cool
alr 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
nixing valve mixes the air from any two
ad jacent ports in the proper propor-
tions to maintain cabin temperatures
within the limits of 65° to 85° F. The
cooling turbine has a limited capacity,
but 1s capable of holding cabin tempera-
ture approximately 15°F below outside
air temperature, provided excessive
humidity is not encountered.

The ventilating system also oper-
ates on the ground with engines shut
down. An automatic ground ventilat-
ing blower 1s operated electrically
from external power or the auxiliary
power plant, supplying air for the cab-

COMBUSTION Al DUCT
FRE EXTINGUISHER PIPS

ELECTRICAL WIRING AND
CONNECTION TO CABIN
HEATER DROP-OUT ANC
RATE-OF-RISE SWITCHES

Cabin Heater

1-28
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‘n hecter und/cr vertilation wher on
the ground. The grcand blower 1s 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 1t enters the fuselage to prevent
eir 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 eontinue
to supply alr sufficient 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

Outlet Duct

(

1 %

Ventilating S

Asr Duct Valve %/A‘

eclion 4

vt the prosanrs sortrol valve to er-
<t.e the air ¢ circulate. Should c¢ir-
calation be lnadegquate through the rre:-
sure control valve, it may be necessar;
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 (1) an
alr cooling radiator, known as the af-
tercooler, (2) the turbine which is al-
so a cooling unit, (3) the mixing valve,
(4) the combustion heater and (5) in-
ter-connecting ducts necessary to con-
duct the air through the conditioning
gystem. These units are grouped in
the heater accessorles compartment,

The aftercooler conslsts of a num-
ber of tubes through which air from ths
engine-driven cabin superchargers passes

Inlet Air Duct Vaius

Cobin Heater Ground Blower Inlet and Yentilating Air Ducts
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TO MIXING VALVE
PORT A .

CABIN COOLING TURBINE
AND AXIAL FLOW FAN

AFTERCOOLER-TO-TURBINE
DuUCT

TO MIXING VALVE

AXIAL LOW FAN
EXHAUST DUCT

A

Z

\nom CABIN SUPERCHARGERS
AND AIRSCOOPS

TO CABIN HEATER

CARIN AFTERCOOLER AFTERCOOLER EXHAUST

Cabin Aftercooler and Cooling Turbine and Axic! “low Fon

g1t-0o

T uoT3deg
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to the cabin temperature contrel Lixing
valve. Outside air enters througi -

scoop on the lower surface of the fuse-
lage and flows over the tubes, cooling
the heated alr from the cabin super-
chargers. At full coolant airflow, the
supercharger air is cooled to approxi-
mately outside air temperature. After
flowing over the tubes the cocling air
is routed through an axial flow fen and
exhausted overboard through en electri-
cally-actuanted exhaust flap in the under
surface of the left wing fillet.

The degree of cocling accomplished

H
]

A 4

> /'Z \789‘0'

/‘|’

r\”‘\

20

21

Cabin Temperature Cowtrol Panel

Asrscoop

Cabin Supercharger

Cabin Supercharger Bypass Alr Duct Check Valve
Coolamt Airscoop

Cabin Supercharger Delivery Air Duct Check Vaive
Cabin Pressure Comtrol Valve

Cabin Thermister

Cabin Aftercooler

Cabin Heater

Cabin Temperature Gontrol Mixing Valve

0NN -

[

1

Tt 4 ey
SHCL LG

sitercoorer i varied f,r

re exnaust flap. This

automaticelly cortrelled by & cir-

operated by the mix‘ng valve., Du.:
ground operatlon cooling air is drawn

through the scoop by the axiel flow {2:.
which is mechanically driven Ly +tu=
nrooling turbine. The work required - -
drive the fan relieves the heat energ-
from the warm compressed supercharger
air,

A ground heating end cooling access

opening through the skin to the floor
ducting 1s used for supp.ying heated
or cooled air from s ground scurce.

/.

12
13
14
15
16
17
18
19
20
21
22

\44
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Cabin Heater Accessories Container

Cabin Heater Ground Blower

Coolant Air Exbaust Duct

Cabin Heater Combustion Airscoop

Cabin Cooling Turbine and Axial Flow Fanm
Flight Compartment Tempevaiure Control Mixing va.. =
Windshield Anti-Icing Comtrol Value
Heater Fire Comtrel Panel

Windshield Amti-Icing Air Exhaust Dwcs
Footwarmer

Heaier Control Panel

Heating and Ventilating System, Component Locatione R



Cabln Pressy

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 meintain 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-off, but at a
much slower rate than atmospheric
pressure outside the airplane.

The differential between outside
pressure and cabln pressure increases
to a maximum of 4.16 psi as altitude
is gained and then 1s autc.. wically
held there. Hence, as the airplane
climbs to 15,000 feet, pressure will
decrease slowly to the squivalent 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
preasure altitude reaches 11,300 feet,

HAPPER IN

-t OPEN POSITION
e

FUSELACE
PRESSURE

SEAL Casing

Section 1

the iimiting pressure differential of
4.16 psl is decreased to prevent over-
loading of the cabin superchargers.

Ram air for cabin ventiiation en-
ters air scoops 1n the leading edges of
the wings between the nacelles and ia
ducted to the cabin supercharger. The
impeller Increases the ram air preasure
forcing 1t through ducts to the alr
conditioning units located beneath the
main cabin floor. The air conditioning
devices cool or add more heat to this
sir a8 needed before it enters the
sabin,

An air flow valve or regulator on
each supercharger detects the rate of
air mass flow coming from the impeller.
It 1s 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 camplete change of air
in the cabin every three minutes, with
both superchargera operating.

RAPPER IN
CLOSED POSITION

Cabin Superchorger Delivery Air Duct Check Valve

1-32
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The air ls continuously taken into
the airplane, pressurized, conditioned
and circulated through the fuselage
section, It is then exhaueted over-
board. Ii ia ihe gontral of ifhia airx
exhauat, rather iban any sentrol of iha
aupercharger which determines ihe de-
gree of pressurization.

Such control is completely auto-
matic, although there are standby de-
vices which permit manual control.
There are five fuselage valves for rag-
ulating cabin pressure, Four of them
provide for release of air pressure
from the cabin, The fifth valve pro-
vides an air inlet to prevent outside
pressure from exceeding inaside pres-
sure.

There are several cabin pressure
controlling and indicating instruments,
The controlling units enable the flight
orew to set up in the system the ex-
pected altitude conditions at which the

Seoticn &

afrpiane wiil be flown and to pre-
determine tne rate of cabln Weclimh! and
"descent!, the cabin-to-outside air
pressure differential, and the altitude
at which the cabin will be maintained
throughout the flight.

These controlling units make or
break eleotrical circuits which ener-
glze 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 supercharger systems are
practically identical. Each consists
of an air intake scoop and ducting, &
cabin supercharger with allled spesd
controls, and ducting to the fuselaye.
Both are normally operated at the saus
time, although each may be operated in-
dependently of the other. The pressure
ocontrol system of valves and instru-

Ceabin Supercharger Trenamission Assembly

1-35
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ments is common to the coamplete pres-
surization system,

If one supercharger falls, the
other can provide adequate pressuriza-
tion under most conditions, If neither
supercharger 1s operative, ram air en-
ters the air scoops and flows through
ducting to the air conditioning equip-
ment and cabin for heating and venti-
lation,

Power Take-Off and Supercharger Drive
Assenblies

Each supercharger absorbs from 10
te 25 engine horsepower, depending on
atmospheric conditions and back pres-

Mixing Valve Acisa.or
e

A
(PN

Camshaft Cover

Mixad-Air Duct Dampey

PORY A
(COLD AR FROM
COOLING TURKINE}

Section 1

sure in the air ducts. ke power for
driving the supercharger is derived
from the right hand accessory pad on
the rear engine ocase, then continues
through a quick disconnect clutch and
a drive shaft to a gear box on the
supercharger assembly behind the fire-
wall,

The supercharger drive shaft
clutch is contained in a housing which
is bulted to the right hand drive pad
on, Lhe rear engine case, Th: coupling
between the engine drive pad and the
clutch is splined at both ends. A
shear section 1s provided to protesct
the engine acceasory gear train in the
event of olutch shaft beariz: failurs,

PORY §
COTAI0 A FROM AFTERCOOLER)

PORY C
(HOT AIR FROM HEATER
OR CABIN SUPERCHARGERS)

Mixed Air Duct
Damper Actamior

AR 10 CABMN
Butierfly Valve

1-3, Cobin Temperature Control Mixing Yalve



ks

WARNING

The clutch mey be dlsengaged in-
stantly while the engine 1is running,
but must not be reengaged until the
engine 1s stopped.

The supercherger must maintain a
selected cabin pressure. Since alr
cdensity, ram air pressure and enginr:
speed are variables, it is necessary
for the superchargsr to compensate for
these variables, The planetary gear
system, acting as a tranamission, in-
creases and decreass: «unarcharger
speed to make thils ru.iille,

Super flow Cont 3

The airflew control system detects
varlations In supercnarger air mass
output and changes the position of the
variable dispiacement pump to control
impeller speed accordingly.

It is possible to build up back
pressure in the delivery air duct down~-
strean from the impeller to the extent
that the impeller will "e«tall cutt.
such cases, the load under which the
impellier is working is so great that it
fans air without being able to move the
air along., This is indicated in the
cockpit by the alrflow rate indicator,.
1t fluctuates rapidly, indicating thai
& decrease in airflow through the dif-
fuser has occurred.

There are two units in the air zon-
ditioning system which, when operating,
increase the back load on the impeller,
One is the expansion turbine and the
other is a butterfly vslve located in
the mixing air duct outlet, which im-
poses a restriction on airflow from
the superchargers for windshield anti-
icing.

2 Aug 1965

sacticn o

wve & cenaition of this na-
+w~a, @ wowpression ratio limit awit&
ocated in the lower right hand side of
4 nscelle, is incorporated in the
alectrical circult. This switch is de-
signsd to reduce the restriction in-
vo w3 by elther closing the turbine
miii.g valve port, or by opening the
butterfly damper, whichever the case
may be, This conditlion is sensed
through a lirs from the supercharger
cirfuser.

L,

n
9]

The ocabin supercharger aseeuply
contains its own oll sup;ly. The main
supply is conteined in & sump at the
tottom of the planetary gear box. A4n
sailiary supply tank is mounted an the
“awall fc.ward of the supercharger
e v and is connected to the
sunpy DY & nose. The supply is replen-
ished through & filler neck on the aux-
iliary tank., Not only does the tank

srment the reserve of fluld avallable
t< the system, but it provides addi-
tional volume for expansion. A drain
hole has been drilled et the base of
the tiller neck., F111 the system un-
111 oil runs out this drain hole. A
spring-leoaded valve attached to the
Tiiler cep seals off this hole when the
a3 tnstalled. The oil capacivy of

o d 4
g f e

L is

snch supercherger le

All cabin pressure instruments and
controls are located cn or bvehind the
cabin pressure control pane. in the
£light compsrtment with the exception
of the supercharger cll presz.re and
temperature indicators.,

Twoe of the ihree pressure control-
ling units are mounted on the panel and
look like instruments, They are the
’Lqpxn Pressure Regulator", and the

‘Cabln Pressure Change Limit Contrel®,

26 quarts, 5 ounces.
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The other controlling unit, the ®"Cabin
Pressure Limit Control", is located in
the celling above and slightly aft of
the copilot'’s window.

Four instruments on the cabin pres-
sure control panel are pressure indi-
cating instruments for checking oper-
ation of the pressurization system.

Two of the instruments aras the air-
flow rate indicators, one for each su-
percharger, They msasure 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
alrcraft, and the differentinl pressure
between the two is also installed on
this panel,.

The cabin rate-of-climb indicator

1-36

1s used as anocther general cheox over
the pressure controlling system., It
will indicate the rate of cabin pres-
sure change in terms of feet per min-
ute.

The automatis pressure control
system operstss only vhen the Marual
Control Door is clesed. This door
is located on the cabin pressure con-~
trel panel in the flight compartment.
Opening the door astwites a switch
which breaks the sutamatic cirouif
and complstes a manual sontrol oir-
cnit, This latter clrcuit snsrglzes
Upen and Close pusnh buttons, i{located
behind the door) which control the
Pressure Control Valve directly, If

the automatic contrsl malfunctions,
the fiight crey may ass Lhe manval

buttons to adjust ihs control wvalvs,

The Cabin Pressure Control Valve
consists of a oast aluminum cylindser
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Cabin Pressure Contro! Valve

and a bubtte; 7 mounted on = vertionl
shaft. The yiinder 1s mounted later-
elly at the forward right hand corner
of the hestsr campartment, Alr on

its way out of the airplane enters the
flared inboard end of the valve. The
outboard end is flanged and bolted to
a stainlesgs steel diffuser.

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

The anticipator bulb systan ls in
effect a minature cabin designed to re-
flect cabin pressure changes immediazte-
ly for the benefit of controlling in-
struments, Withcut it there would be
a lag between cabiin pressure changes
and detection ¢f them. The bulb is in
& small T-shaped chamber located z2bove
the flight compartment entrance daor.

The piping system introduces tuo
pressures to the enticipater builb,
high presgure from the mixed air 4.t
and a lower pressure (witih some ven-
turi effect) from the pressure contrct
valve. The two tend to balance eacn
other in the bulb, A sudden change,
such as a surge or drop 1in either line,
will immediately show up in the bujb,

Tt

while elfects of these changes w!'
coms avident in the cabin sametin«
ter. Thus, pressurs corditions in t--

cebin are anticipated in the buldb be-

fere they become evident in the cahir

The two comtroliing instruments con
up these &

cipated changes promptly and react

nectad to the bulb pick

them with minimun lag.

Gabip Pressyre Regulstys

The tun pninters oi the
sure regulatsr sre fixed at an ang

107 deg

represents the 4..& psi

rees Lo e other,
operating
sure differentisl, &s vell as the

calbin

SRR

ference in feet betwesn fllght el:
of the cebirn znd mircraeft.
pointers iz lskelag "Flightt and

other "Cabin®. Trey are ro

knob msrked "Haoio® ot

+
|

he

corner of the insziruwsent.

The pointer marked
Justed velore taks-
plamnned flight 27 ltu
pointer will then
pregsure altitude Wil
by the prazsure sogals

altitude,
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JLATCLE WY GTC 0T miTad neotor §n
soves around the rim of the dlal.
‘Srart Marker“setting is the altitude at
whiilch pressurization begins on ascent

" the alrplane, and at zh depres-
sirization is complei=d o dsscent,
During automatic contirol, the cabin op-
erates unpressurized at all altitudes
below the setting of the “tart Marker'

Before starting descent to a Jand-
ing fleld of an elevation different
’“um tne take-off fleld, the'Start M. &

r"must be reset to the
altitude. Resetting is necnssary to
ootaln the proper ratic rvei:=en the
rate-of -descent of the ca!ir und the
airplane, so that the «1: . -~ w11l
land fully depressuriza:

1 IRV
FATHITE LG
&

The "Cabin Pressurs Ulmnge Lixit
Control” controls the -« ol change
of cabin pressure wul:. sriain operat-
ing conditlons. Stating it another way,
it limits the cabin's rate-of-climb and
rate-of ~descent of simuisied aitlituds.

- - “‘"ﬂ‘ / —
! -

-~ T Nambur 2 é-bln Presswre
"7 - - Busegency Relief Valve

There snre four cebin pressure e-

mergency - .ief valves on the airplane,

Thres of  »m release cabiln alr pres-
alding the cabin p"asagre eon-

; in der“w>r reassurs dif -

18 The fo;:‘n 8-

o e cida
eETRer LT pues Son s wn

toexueeds cabln slr prescorn. slen

rapid depressurization of the airpi: e

13 required, the cablin pressis con:
irel valve may be inadequate, Carther-
wose, in cage of actias 7

Cailiire on Lo LthLD* vEive, wi Lo
cass the valve hutierfly has been
tripped eod closed, a standby method
of pressurs control 1 nseded.

Tre samial ekergency melisi #alve
# 1 is located st six o'eloek position
in the aft. pressure doms and consiste
of & 242t alaeinum housing, & sirsy
cover plats, rod and spring,

Control Cable ”K
/;/

L Henber i 0 abis Priaeewe

Limesivgamey by

igf Vedoe

Cabln Prossure Emergency Relief Yaives
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asgembly and

At approxiretely 4.2 psi, the vel-
lows will contrect encugh to let ithe
pllet wvalve dise move up o the opon
posltion, thus discharging air ;.-

sure coverboard. Thies eubtowsilc amor
gency relief valve operaies $ud. 2

ently of any other walua
ever, & lever aso o anT Iothe
valve houging =2 2wy will opsn *‘ 2
valve manually. rod covmscte the
bellerank on ths mmw? reliefl valvs
to the aulamst ’ sy et
valve.

Both velves «u ol pe full
46T psl an?
an emergenty
control orar: o
of the go-rni ('

CPeN ot

crouhe m,,uqvit. Thx
nounted 8t the pip

CONTROL CARLE 3¢ § V-
LEVER LOCATED TG MiGe:Y \
OF CO-MOTS SZ4T |
IN FLIGNT COMPARTR 25T ou !

tawin Pressurs Lworoe

relver,

cpened manuslly in

“ha pwss‘** ’i
f the wabl It 1s a

ai:; ie Tlapper btyoo 'fmve held closal

oy ite own ueigh* and cabin preea: s

1 opens i_nwardly should outside r:sa-

:re exceed the inside pressure by L

=

]
in sabin pressure durr
TS =d hals s “‘*e flight e

c¢. vhieh perfo.w_
{wnetion & tzy ¢ of the rss.
=nd 1lg cperated v the same
vigglng as the ro - velver. (ne msi:
differance, howevser, =xists between
whia wilve snd the roo. valves: It
under sxoesglvs ¢
"v.."t;. Its maln payos
rgency dumping of 8o
s to s upid\,lf ale.y
frmes wr.,cz; imay find thelr ws
2lizht oo

ALY \’my
fnte the faeward oshin zm:‘
r.msm

L ek R RS Y
PZIE% 3
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Cabin Lresmics wunr s

4, Green evy v adss for piln
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3, Oenerator cutout oiroui:.

o A .
- A
: et U EOTTLVE,
i ; SE UBGQ,
Tl ameeow sl o N TR UL L
n el pegial s 6o



SN EA T ALK

&, Unlvus 34 or Solvieg 200
Coennot he mived with Ziodeal)

b, Turbine switoh on senter
warhead @lentviss! paps’l

o, Separats instrumacie fow
asubin altitude and cabin pressurs.

ALR_CONDITIONING

No de-fog valve or du-foy wmelsc-
iiom on the windshield hezt awitel,

4. HEATERS
No differsnca.

o KUl SYSTEM

Ten tank syétesm (dw wiv
waft),

o QUL SYSTEM
No differens:.
Vo ELIRE DEXRCTIGN iﬁﬂ_ﬁﬁﬁ
a. Four waraim ?jgkiu g

“trs detsntion raral Frow gmlipn-

s \-.AL [ A

PR
03 One dwi&ﬁ@ﬂ; UL e
b, Four repsater ,'.i;,_‘
tlow of so-pllotis faslremaat
canel.
i, Nv")nﬂf

[S3N R(;Allfi

. Dlsclurge ﬁ:gﬂ ¥ rve %n@
A in benks of bottlss
sxternally on the noke ~¥ the pir-
raft.

i

&

8, dkydrol {(carant be mlisd
with Univus 8. or Solvias 200%,

b, Turbine switoch wu praas-
urisation panel.

5, Dual instrument used for
cabl sltitude and oabin pressure.

sma & dg-¥y valve and has

ds~tog nelactiops np the wipd-
@i gt Ewlosi.

; oy

¥a diffevonoe,

Ll

F AN LR T
wifd&u : w M e

kight tank syeisn (All &ir-

s diifsrence,
7. mnmum.&n,

a. Five warning lights on fire
dsteantion *:a*n‘ fiva selector nins

gl ed Lﬁh;
L. Kons.

fe viillsad: loceled formass
so=~piiot on the main

G.0 Flve feelstion o itohey o
iized with the master mmtm .‘m
thay are looatad on he flog salwss
ion panel.

¢, Disohares cizeap for Lhe main
Thikie oF DOLLiee ok osdesd 104 ios
the pose Wwheel veili of vae alrarafs,
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The two sourves of ix
energy on the C-1184 arw
and the batterlses.

s LT 08 4
LEIOrELOYe

The batteries provide s aucgs

chamber for the generst:r syatsm end

re an emergency sources «f DI
The 12 volt, 88 amperc .
are attached to srrling
elevators which icwsr o, :
doors aft of the noss ge. s...
batteries are commecied 5 Lo
deliver 24 volts, 88 ampe . ~curg o
the DC Bus.

OVEr .
e Lter

Thesne

The batter i«
IC bus by a reisy ..
battery comparitment e
tery switch lows:.
overhead switch pan- .
tiong, MOFFW and wog
500 ampere curre.

protatte

the batteries ivlﬁ.;x.:ymuioad‘
The battsries must be rezmcved for

& capacity check every 120 dayws per
7.0, 1C-118-6, 'I'ho vater level muat
be waintained 3/ of ai iuwh above the
plates., A speaifis gravity resding of
each cell and water leve] chack is re-
giulred every seven dasvs and at eaoh
periodic imspsoticn. 1Y ihe spwoific
gravity, after temperatuis sorrection,
exceeds 1.310 or im below 1 240 on any
cell, or a variation exists yreater
than .020 between the highest aell and
the lowest cell, tis baiiery must be
replaced.

PUIICAS Il
CAUTIOR

B

The sulphuric acid in the eleciry-
lyte is extremely injuricus to the skin
and to clothing. If acid Is spilled,

2=2

i

neutralise it i once with sodium bi-
oorbonats {baking soda) and wash with

watar.  sh aluminum or saluminum-

alloy gu: - «oes of the airoraft that

bosn uuﬁt&ﬂi“ﬁt@d with battery

2ith woap and watb er oy sTgienia and
L0 D ‘t*‘al Lan kol

Wa a1

Exlarpsd. Poxar

', -8 volt DO externmal power can be
sonneoted Lo the airoraft slectsieal 00
bhus srstex through & three-prong recen-
tanls aft of the noes wheel well. 1¢
is oovered by a flush mounted spring-
oeded door, Externsl pover ls cone
?Uﬂuﬂd to the bus ber oy mesns of &
Jrourd poWsr relay, and controlled by
s+ #uitoh located on the Cordard over-
naad awitah panal with "PLANE BAT® and
RO R ?$¥ER“ pos it ion Thia switar
ﬁumw-nwxuw
war 4o the
Hard YR

n in the PGROURL

o aonneot tha axtearnsl po
tus. A red light on ths
nesd avitch gnnmz illumzuu
tarnsel noder s sonnsclss
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Chapber 2

GENERATOR SYSTEM

Primary power for the slsstrical
eysten s supplied by the engine-driven
generators. REach generaicr 1s connect-
od to the maln bus thrcugh a reverse
surrent relay and reverse ourrent cir-
cuit breaker, The aircraft totel load
demand is such that normal operation
pay be maintained with itwo generators.

Voltage ocontrol s wo ... aved by
four oarbon pile-typs wuiilsyge regula-
tors installed in the ¥ai= Junotion Box
laft Hand Annex. The ve, Cars main-
tain a oonstanl geneweis: -wifuge of 2B
volte el approximateiy 1200 engine RPM,

When tuo or move geuavnlors are
operated in paralliel vwhe voliage regu-
lators through the sqeliser ciroult,
asslat esach generaicr in assuming its
proportionsel share of the total load,
This is accomplished hy veduoing the
voltage of the gensrators sarrying the
alghest current sand lnoreesing the
voltage of the gensralore ocarrying the
leagt current. The ogqualivar clroults
ars Wit 1 curough the generalor swit-~

chos,

The voliage roglinles Sualing 8ye-
tem conslats of small sir Jsts ducted
frow the alrplane coid alr system, If
this vooling system fails to maintain
the proper tempsrature in the voltage
regulator campartmsnt, A red warning
light, adjecent to the inverter switohes
will illuminate, When this happeus, the
voltage regulator compartment panel must
te cpened for incoreased ventilation,

Reverse Current Relay

Each generator siruuit {moorporates
& reverse aurrent relsay lucated in the
Main Junoctlon Box, The relay sutomatio-
ally ocounects and disocaneote tise gemar-~

AR o}

ator from the bus, The reverse ourrent
relay will close when generator voltage
is approximately 1/2 volt above bus
voltage, provided the corresponding
generator switoh is in the ON position.
A reverse current, oreated when bus
voltage is higher than generator vol=~
tage, of approximsiasly 20 to 35 amperes
v»ill cause the reverss ourren: relay to

P,

Generator switches are i oated on
the forward overhead switch penel.
Tuese switohes completes a circuit oloe-
ing the reverse ourrent relay when
generator voltage is higher than bus
voltage. A master shutoff bar is pro-
vided to turn off all gensrator switohes
in the event of an emsrgenocy.

The generator field circuit break-
srs are located on the main cirocuit
breaker panel, Each cirouit breaker is
rated at 15 smperes and will trip under
a load of 18 or 19 amperes field our-
rent flou,

Four reverge-~current cirouit
breakers are installed in the Main June~
tion Box to dlgoonnect a generator sys-
tem when a heavy surge of reverse cur-
rent flows in the oircuit, The genera-
tor fleld is also de-energised when
this eircuit breaker is tripped.

A tripped reverse surrent sircui:
broaker is identified by an orange dot
appearing in a window adjacent to the
mane plate, This olrouil bresker will
not be reset in-flight.

The generator airouits are protes-
tead hy four overvoltage relays, mounted
in the bottom laft side of the Main
Junation Box, RBach relay serves to 4is-
somnesat ite respsctive gensrator fros
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the bus when i ooisl Veinage ol Lhe Four smmelers, oue for eash g»m.--
generator bowiiies winwimaiasy high. nor, &rs icoated on the ammeter vol:
meter panel, and indlcate the ourrsen:
The reset zpschaaisms are manually output of the generators, A voltmetsr
operated and cen Le resst if emergency mounted on this panel and controlled i:
conditlons warrant, by sotuatlog the & five-position ewitoh connects the
push button on the top of the relay. vulimeter to MAIN BUS (normal positic:
This relay can be reset just once, if or to any one of the four generators.

the relay tripe again, leave the syslem
"OFF" for the duration of the flight.

; *yerse
Current i
Cirouit .
Breaker g
i
. Raverse X :
Mnlid ‘ Current : L 2
¢/ ‘\\ Re lay c:) 5 |
t_:l.'_ 2 ' 3
Generator L :
Reset Bwit
B
T & -
o

{Over
Vollugs
Re lay
b, A wamnwnd

TYPTUAL QENRRATOR QIROUIT
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Ghapter 3

AVEILIEARL JOWRR URIT

Ganersd

A gas twrbine saxd linry power unit,
complete with tws 350 -ampere gensrators
and two voltage roguisnters, is instal-~
led in the taill comperiment of the alr-
oraft af't of the progsurs bullkhead ,
This unit its fully =i L-sex‘ art in-
cludes s ll noowdae > s
connedtione. Iasl s
1s suppliled to ths o..

: "iEE BIel
‘*ut‘riml power
o the eir-

oraft, The unit wil. s iver up to B4
horsepower &t &aprve.’ . =l 6000 RPN,
Norpal rated ’p( Wi ¥ S RETHOWET

with fuel comss,
97,5 zr\)unrls psr

An instrons
nounted in the Gre.

trol pansl ia
sy iasut ad-
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jacent to the navigator's station. In-
strumeonts indicate turbine engine RPM,
oil tsmperature, and cambustion chamber
temperctures. A warning light {llumi-
nates whenever oll pressurs drops be-
low a safe operating range. Gensrator
output is indicats? by two ameters and
= roltester. Control awitehus are pro~
vided Zor stsrting and slopping the
unit,

Queration

Sontral of the unit lg sutomatic,
Instrimentetion is limited to & min-
imime end should be closely monliored
while atariing the unit and cheoked
periodically during operation,
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Prepavatl i

[UESIGY: SPUg IS BRI

The CTFL

o the fordard ov

mist be {n fhs 07

§:art1ng

1. Check that
switches locsayr«4

head panel avs ¥

the alrioil ds
cne heatear oo

sition the barve:.
BATTERY, OF fuv LR i
ternal power oo

[{ Vi s

exXCept

LG U

Do not arr .
Li{ary power o

{cer swlooh 12 oy
ave Operating ~i-

spaed,

2. ther!
Lreakergo

ATl oo
APU fTiiw wan
Heasces an.
Maiin bhesi o,
Afrtvs b
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The life cf the baitery, when
operating the emsrgensr inverter is
approximately two and & half hours.
All AC operated engine instruments are
inoperative,

Sizcuit Bxeakers

Three 15 amperse olrouit breakers
are located on the bulknsad Lahini the
pilot and protect the 4. output of
such main inverter, Tuhe Lwo olroult
breakers in the DC input asircuit
of the emergenty invert=- svs looated
in the emergency inves-

fugen

A fuso pansl 12 .»¢% in the AG

A JCT N BOK
‘n~m AN Y

e TN AR WA e g

e

iy

o a—— am;

Sevtion 2

power system sudi L& © <o 5 vhe
right hand gwwtian Do ARGER .

Iransformers

Two transformers located in the
main juwstion box are used to reduce
the 115 wolts, 400-gyole AC power, to
26 volts, LOO-cyole AC power for oper-
ation of the 26 wolt lucirumentas,

A ‘household ~ outlet s Lisial-
led in the thres latrines for elasatriocal ’
shavers, A vibrator-iype pover su,; iy
furnishes pover to the rasc: sutlets,
The pover supply olrouit to tie vibra~-
tor is gontrolisd by a relay in the
Main Junoiion Box lsft harnd annex and
is snergised by pilugging in the elesiric
ragor whioch complstes ths ground sircuit

’3’&»

MAM JUNCTION 800

— e o

- SO e gt e ——
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Haver dmverter, Simpiiitnd Clrcuis
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Landing Gear Warnin. =

The landii
consists of a
éach gear, a red
itght and & waiiinse

S

TR,
f

The three position

iocated on the main insi::

sren the landing gear 1.
MATKEr &ppears on tha in
cating the positicn of
gear, When the landi:
the word "UP'" will appza-
year 1s down and imuok:

an extended gear wil)

the time the gesy
position, & striped
"Barber Pole" pnsitic

Whenever aav
tnnan intermedt s
tight will 11luw:

{3 located on tho
panel, below the .. :
perature indicators.

e

5
HEEa
G i

P

ine dorn and Cut-Off

Z o ng norn mountec back of the
4, automatically socunds
o oLarustie ds setavded and the
suar troin any positinn other _oen tull
S che event opgy -

G0 e o L ORTENmn . wai Dl oo InToLLiE

c o Pl s b eieovs ks
Ao TR BT U e

et by wsing cthe landing geex wer. Loy
rorn cutr-off switch on the control ped-

red dndiceror lighos dn
Canin PUEssure cont rol
ftey belly compartiment door
CuoeL These doovs are: (1) Lower

Pe g ¢ {7: Fuaelege Accesanry
T e Vo ier fmagay - s

pob dagpage . e other

wsies cabln and cockpit
tion. These doors are: (1)
ived Tevyo, (2) Upper Rear

s a0i 1YY rhe iwo Entrance Doors.

RE CONTRDL PAtCL

S s G "*:*‘:;-aﬁ%“"‘ N



Landing Lights

A velraclangs aiii.ad
stalled in the underside o
wing panel nery tie !

extension and retractian and an OFF.
ON filament switch. " ;
be turned on in the
position if doivs
maximum alirspeec
lights may be 2wx:t s e

Navigation } ggﬁ 3

The navigatic. - HPREAF A
(1) & gresn ‘igzns oo L ;
tip, (2} & rved (0.
tip, (3} &a ambe. Light on
the tatl cone .o Lo a wintle
Ttght on the 1 srt g of  tha
fuselage. e 2wt & Bre Conlrodled
by a three yox:i:ne suiteh on the fov-
ward overhesd swizch panel. Theswitch
positions ave STEADY, OFF and FLASH.
When the switch is piaced in the FLASH
position, the wing tip {ighra and the
white tsil light flasi ON ond OFF to-
gether Th N e £

Wi

el wing

and th ambe ;- il
ON and CFF topeither, b
from the other 1iohis vovided the
white fuseliage :igti -, ich ta 1o the
ON position.

Artormately

NOTE
Regardless of which {ight sequence

is flashing, 3 faii..c o Ao Fiashe:

mechanlsm motor will resuit in = steady
tip fiubro oavd

fllumination of the
the white light 10 T 13ty o

Taxi Lights

A sealed hesm
on the nose et stoin . 18 Con-

" ‘; 5{},;\

OFF-ON switch located
coo the forward overhesd switch panes .

vt ted

Wivo ijumination Lights

ding illhwmination 14 v wve lo-
sted e the fosarlage just forward
: of earh wing. The
w56 1Y v s

mingt ton from

T Lowing foe an veneCl
nacelie arsaz., The lighta ar. con-
':u};eﬁ bg sy OFF 0N swgitich oo vre

Sk r-? ol t emergency dome i,
iwd in the cabin ceiiing.
ave Cawirﬁlled by an jimpact
swiroh on the aft right side of the
B wngEriment partition A 7.0

S dry ell power supply la located
e rlght main junction box annex.
A test switch is located on the main
cablin switch panel for checking the
system.

Anri-Colltston Light

rotaline ved goti-colitsiar

vighs 1a locaved on the top of the

cevrical atabilizer for better night
seeogunition.  This itight operates on
78 volts DC power snd 18 controlled
hy the navigation !ight switch which
should be in the STEADY position for

[ SRS TR e e i

Stave, Pryme sed Bo

St ing loaded stavier and st
~fwi-“‘*"‘»s~e aye meunicd on the
cward pverneed panel. fhe engine

i LOY ﬁwihfh must be set to the

oy ine heing started.  The staerter
: starter swioln

fyoogwitol and o

ne depresved simuitopesusly oo

w47
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the gtarvier will fuaciion,

The starter, prive and ignition
hoost contrsl civmiits are protected
by one control clrcuit breaker on the
main circult breaker panel. In the
power clirculit located within each en-
gine nacelle “I* box, a 200 ampere
current limiter protects the starter
motor and propellier deicer circuits
for each engine, The entire power por-
tion of the circuit, including the
propeller auxiliary pump circuit s
protected by a 500 ampers curvant lim-
iter.

In the ignition boost :treuit, one
{nduction vibrator for «:! four engines
is located behind thas v switch on
the overhead switch pams |

The engine prime esivcuit consists
of one prime swictch o 21l four englne
primer solenoids thruugh the selector
switch,

N,

STRUT FULLY
COMPRESSED

{
[4
Sl) 19 1712 wNCHES

ARJUST SWITCH

P
Vo8 e P
STRUT RALY

IXTONDED

Adjustment of Hain Landing Gos: Sufoty Switch

1-20

TEax, T
Jection 7

Landing Geay Control L

A safely aolencid prevanis the
landing gear contral lever from beling
moved out of the DOWN position while
any load remains on the right landing
gear. When the alrcraft leaves the
ground, the safety solenoid is ener-
glzed al'owing free movement of the
tanding gear control lever. A Fin-
ger hole in the control pedestal cover
permits manual re!leaze of the solenoid,

Landing Gear Stiui Salsty Swilionas

These switches provide an automstic
maans of controlling circuits,

The left gear strut switci: controlat
(a) ground blowersz, (b) anti-akid brakas
and () aliows uninterrupted airfoil
heater coperation in flight.

The right gear strut switch controls:
(a) the landing gear locking solenoid,
(b) door pressure warning, (c) cabin
pressurs control valve whenever the
cabin presaurization aystem control is
in the AUTOMATIC position and (d) the
anti-collision light,

NACEUS

Moln Landing Goor Ssfoty Swisch



L. ALRCRAFY APt

a, Locared $o vid 1
compartment, Ueilizcos ane generator of
175 amps, Generaror control awitsh
on the APU contral paansi. Not
destgnad ro operate

im flight. el eer fuel from
#2 tank,

ugEagE

2. ENGINE DC GEHERA:u-.

a. HRated av -
b, HMay b
53 sertes.
c, Raverse .. .vi¢ii relay set
to trip st 33.%°

3. INYERTEMS

a, Thred w:in snd one emergency
three phass inwverters,

b, A armd C phases are conductive
with B phase grounded,

c. Mve DC power input circuit

breakaws {3 yower sad 2 control) locat-

ed on the mbe cirriic breaker panel,

d. 3ix & powor cotput clreudt
breakars, on inverter clrcuit breaker
panel.

e. Voltags ehzcky 115 + 3 volts
on C phase.

f. Two ganged together inverter
switcher, %Yhe awitches heve three
positions.

RS AN

RAFT
VERSLS
1955 IPRLES ALRCRAFRT

ba LRCKAFT GTPU

gl Lovaled in the ta'l of atrcrat:
ilriltres two generators yeoed at 350

amps,  Generas~r control switches in
oeal adhieoan coengzine senerator
pantynl goliteokeg Nestpner L osnerats

St sy sivizudes, Eeceiwven S0 L from

#3 main tank,

2. ENGINE IX' GENERATORS
8. ERered at 350-400 amps,
4 ta dnterchanged with $i
€ e
o, Koverse current relay set to
trig gt J0-3% amps.

3. LINVERTERS

a., Three main and one emergency
three phase inverters,

b. A and C phases are conductive
with B phase grounded,

c. Five DC power input circuit
hreakers {3 power and 2 control) locat-
e¢d on the main cirouit breaker panel,

d.  Six AL power output circuit
breakers (3 switch type and 3 push but-
ton type} located on bulkhead behind
pllot's seat,

e. Voltage checkj 115 # 3 volts on
A and C phases,

f. Trequency checky 400 ¢ 20 o
vies, al. main Inverters. @mergency it
verter frequency check with selecter
switch in RADIO position,

g. Two main inverter switches., Th«
RADTD awiteh is the gangbar type, Thre
MAGAR swilch 18 the 2inple topple Lyor

Aot switoches have thyee pusitions,
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S, PHASE ADAPTHIS

a, One used for the avtoptlor,

b, Located tn the right hand annen.

c. Can be interchanged with the 53
series.

5. LIGHT SWITCHES

a, Anti collision light switch
located forward of #3 and #4 propel-
ler feathering button.

b, Tax! light switch located fur.
ward of #3 and #4 propelier festhering
but cae,

v. Wing Jumination * wheel well
Tght switches located fuiward of #1
and #2 propeller feathering buttons,

6. COCKPLT LIGHTING

Flood type used for al} instpu-
ments and panels,

AFS1-3818 THROUGH AFRI-J833,
AFS1-17624 THROUBH AFS1-1744),
AFS1-17647, AND AFS1-17668

Section £
Ao vilAnE ADAPTLRS

a. One used tor the autopilot.
' tocated {n th2 right hand annex.
van he interchanged with the 51

RIS BN RS

5. LI

S+ SWITCHES

a, Antl colli-ton light automatic
with navigation tfehte {n steady po-
sition,

Tuxi tieh: switch locsted ad-

Jaovat woomect el oand ac-smoiing
light switches,
c. tng lumination and wheei well

Iipht switches located adjecent Lo
seat belt and no-smoking lig~t switches,

LIGHTING

G, LJICRPL T

Conaale type used for all instru-

ments gnd panels,

AF33-3223 THROUGH ArS3-3223,
AF33-3230 THROUGH AF33-3239, AND
AF33-2241 THROUGH AF33-3203
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Chapter 1

INSTRUMENTS

fanels

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

In the celling is the upper ins-
trument panel, The upper instrument
panel is primarily a liquid quantity
Indicator panel. To the left of the
upper instrument panel 1s the heater
oontrol panel, which contains the
heater temperature and fuel pressure
indlecators. To the right of the upper
instrument panel is the oabin pressure
control panel, which has the instru-
ments used during oabin pressurization.

Still in the ceiling but above the
copilot is the AC-DC voltimeter panel,

which allows checks to be made of the
AC and DC power systems. On the upper
portion of the AC-DC voltmeter panel
are the two indicators which ire used
durlng cabin temperature control. Just
aft of the AC-DC voltmeter punel is a
small bracket oconteining the super-
charger duct pressure gage und = {re-
quenoy meter,

A small instrument yanel is located
on the right wall ‘ust forward of the
oopllot's seat. This penel sontaling
the hydraulic pressure, emergency air
brake pressure and oxygen pressure in-
dicators.

Aft of the craw entrance dcor ls
the navigator's stetion. asbcve the
navigator's table s the nevigator's
instrument penel with ar aircoeed in-
dicator, eltimeter, compas:z and outside
air temperature gage. Also loocated at
the navigator's station 1s the GTPU
control and instrument panel,



VAN INSTRUNIENT PANEL
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Section 3

Olokrs

bils

\9/

J. ADF RADIO MAGNIETIC INDICATOR (2) 22
2. COURSE INDICATOR (2) 23.
3. VOR RADIO MAGNETIC INDICATOR (2} 24
4. A-12 COMPASS HEADING SELECTOR 2
§. TORQUEMETER 2.
6. Ol PRESSURE INDICATOR 27
7. RANGE INDICATOR 28
8. RADIO CALL PLACARD (2) 2%
9. COMPASS CORRECTION CARD (2} 30
10. INVERTER WARNING LIGHT (2 RED) n
11. AMSPEED INDICATOR (2) o
12. DIRECTIONAL INDICATOR (2} 3
13. ATIITUDE INDICATOR — N-$ (2)

14. CLOCK (D 3.
15. MANIOLD PRESSURE GAGE 35
16. CARBURETOR AIR TEMPERATURE INDICATOR 36.
17. O TEMPERATURE INDICATOR 37
.. ouuwusutuumunounutuum 3
19. ALTIMETER (2} 29.
20. TURN-AND-SLIP INDICATOR (2) 40.
2. VERTICAL VRLOCITY INDICATOR (2} /

G LERTERENRE Gt PR

AMMETER

VILTMETER PANTL

l:ll
/T T NS

. AUTOPILOT FUNCTION SELECTOR

TACHOMETER INDICATOR

. CYLINDER HEAD TEMPERATURE INDICATOR
. FUEL PRESSURE INDICATOR

ELAPSED TIME CLOCK

. RADAR SCOPE
. RADIO ALTIMETER (2)

MARKER BEACON SELECTOR SWITCH
AD| SYSTEM WARNING LIGHTS IRED)

. ADI SYSTEM PRESSURE INDICATOR
. GEAR AND FAP POSITION INDIiCATOR
. LANDING GEAR WARNING LIGHT (RED)

OUTSIDE AIR TEMPERATURE INDICATOR

. FUEL LOWMETER

FUEL PRESSUKE WARNING LIGHT (RED)

. WARNING UGHT DIMMING SWITCH
. AIRSPEED CORRECTION CARD

COMPASS CONTROLLER PANEL
TRUE INDICATED AIRSPEED PLACARD

. ANTISKID SWITCH AND INOPERATIVE LIGHT




C-128
-Stat

The two pitot systems supply ram
alr pressure to the alrspeed indi-
cators, The pltot tubes are mounted
on the left and right sides cf the
fuselage forward of the windshield,
The left pitot system is connected to
the pllott!s airspeed indicatecr. The
right pltot system supplies the co-
pllot's and navigator's airspeed in-
dlcators,

There are two static systems in
the C-118 that provide the normai
static pressure, Each static system
has two static vents; one on each
side of the fuselage, forward cf
the f{light compartment. The two
vents of a static system are inter-
connected by a "bsalance line" to
minimize the "turn error.”™ The
normal static systems supply static
or still air pressure for operation
of the alrspeed indicators, vertical
velocity indicators and altimeters,

The lower static system 1s con-
nected to the pilot's instruments.
The upper static system supplies the
copllot's instruments, navigater's
ingtruments and pressurization units.

An alternate statlic source is io-
cated inside the fuselage aft of the
rear pressure bulkhead. The alter-
nate gystem can be used in the event
of failure of either the normal plict's
or oopllot's system by operating the
proper static selector valve _ocated
to the left or to the right cf the
main instrument panel, The autopiict
altitude control unit is always con-
nected to the alternate static sourcs,

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

Seoticn 3
.+ the pltot-static heaters are turned
0 inflight they should be left on
2z the remainder of the flight as this
n=-oedure prolongs the life of the

The airspeed indicators use both
=itct and static pressure. The pilot,
the acpilet and the navigator each
have an airspeed indicator,

The three airspeed indicators are
.Zentlical and are known as maximum al-
icdatle airspeed indlcators. The red
:nd vhite striped pointer indlocates the
zoxizoem allowable alirapeed at all altl-
<“udes. This striped pointer iz re-
siricted by an adjustable mechanical
ctsr to a maximum of 330 knots and is
autcomatically governed by an aneriod
w72 ilnkage to lower the allowable air-
sreed 1imit with increased altitude.

: feature is known as the MACH set-
On the C-118

wing end is adjustable,
the setting is .625 MACH,

7¢ show indicated alrspeed the in-
dicstor has a white pointer supplemen-
+ed v g horizontally rotating sub-
Zlw.. The sub-dial is graduated in two
snct increments for a finer reading of
wiie airspeed. The sub-dial m.:ies one
conplate revolution for eaoh 100 knot
chonge of airspeed.

_Alimﬁ.m:a

The sltimeters use static pressure,
Three are installed cn the C~1i8, cne
each for the pllot, copllot and navi-
gator, After the correct pressure set-
ting has been selected on the harcmetrio
sacale or Kollsman window the pointers
wilil indicate the altitude of the alr-

crsft.
One setting used is called the
"altimeter setting" and is local bar-

smetric pressure reduced or corrected

=3
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C-11i8

to sea jovo,

meter sersioc”
barometric ~:nlr, c 0 nnnt
dicate helght shove sea
cated altitude," Normaily t
will use "indicated altitud

AL SN |
PP

e i
PO

The second setting is 29.92" Hg.
When 29.92" Hg has been set intc cthe
barometric scale, the pcinters wiii
indicate "pressure altitude," '"Pres-
sure altitude" {s the helght of the
aircraft above the standard reference
datum plane., '"Pressure altitude'" la
used for cruise control work, aver-
water navigation and nressure osatzer:n
flying.
Note: The maximum allowable altimetar
error is plus or minus 75 fee:
indicated,

Differential Pressure Gage

On the cabin pressure control canel
i{s a differential pressure gage, which
is two altimeters in one case. The
YA'" pointer {ndicates the altitude of
the aircraft, and the "C" pointer shows
cabin altitude, A scale fastened to
the "C" pointer and calibrated in PSI
is uncovered by the movemen:t ¢f the Ma¥
pointer to indicate the differentiai
pressure exlstirg between the sutside
and inside of the alrcraft,

Vertical Velccity Indicatcrs

The pilot and copllot have verticai
velocity indicators, The Indicators
use static pressure, and indicate ver-
tical movement cof the alrcraft {n faet
per minute, An adjustment screw Zor
zeroing the pointer is located in the
lower left corner of the {ndicator.

A third vertical velocity indicator
{s 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,

Sectior

“ariiold Pressure Gages

Two direct reading dual manifoic
~rengure indicators are mounted on th=
rznter section of the main {nstrument
senel. The gages indicate the abso-
lute pressure in inches of mercury
within the engine intake manifold.

Four purge valves, located below
t~e main Instrument panel, provide a
means of clearing the manifold pres-
gure lines of foreign matter. Purglnz
showid be accomplished at preflight
{or et ieast 30 seconds., The engire
thould be at low RPM and the marnif-'.
n~egsure less than the static press.v
1n the cockplt,

An gbnormal manifold pressure i--
dication for any given RPM may {rdi-
engine trouble, gage trouble cr & lea:
in the instrument line., A cross che.x
with the torque pressure, fuel flou oo
cviinder head temperature indicatar:
wiil assist in determining which {s
defective., If the other indicators are
indicating correctly, a malfunction ol
the manifold pressure indicator or a
leak in the line is probable.

Tachometers

The two dual tachometers are mount-
ed o1 the center sectlon of the mairn
‘nstrument panel, The tachometeis ave
osperated by four heavy duty tachometer
generators, one on each eunglne., The
tachometer generator outpul varles vl
engine speed thus contreolling the indi.
cator motor speed and the indication,

Each tachometer generator su;plies
power to its respective tachometir in-
dicator and to the propeller synchro-
nizer, 7Two guarced ON-OFF isolation
switches are mounted in tpe bulkhead
aft of the pllot's seat, The isolatiun
switches are usec to disconnect the
tachometer generator output from the
sropeller synchronizer in the event of
tachometer system trouble,

[P
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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 call-
brated in percent of RPM. The two
dials and pointers allow the indicator
to read up to 1107 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'’s panel and
the navigator's panel, The elapsed
time clock is on the copilot's panel,

Direct Reading Gages

The hydraulic pressure gage is
mounted on the hydraulic and oxygen
instrument panel. It 13 connected to
the hydraulic system downstream from
the relief valve, Normal reading is
2650-3100 PSI.

The emergency air brake pressure
gage is mounted on the hydraulic and
oxygen instrument 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 pressure gage
is also mounted on the hydraulic and
oxygen instrument panel. This 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 small
bracket next to the pilot's interphone
control panel, The charged system pres-
sure 1is 400 PSI plus 25 minus Q PSI,

The two supercharger ailrflow rate
indicatnrs 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 indicator shows the pres-
sure existing in the pressure alr ducts.
This gage is mounted on a small bragket
aft of the AC-DC voltmeter panel, fé:

Thermocouple Type Thermometers

These indicators use thermocouples
to produce the electrical current nec-
easary for operation, A thermocouple
is a junction of twe dissimilar mate-
rials which when heated produces an
eleactrical current. The current pro-
duced {s very small, and no current pro-
tection is necessary,

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 dual GTPU combustion
chambers temperature indicator mounted
on the GTPU instrument panel,

28 Volt DC Thermometers

The thermometers which require 28
volts DC power for operation aret

cylinder head temperature
carburetor air temperature
engine oil temperature

outaide air temperature

cabin air temperature

cabin supercharger gear box oil
temperature

1 GTPU o4l temperature

NN

The cylinder head temperature in-
dicators are on the center section of
the main instrument panel, The tempera-
ture bulb i{s 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 1s mounted in the carbure-
tor air inlet,

(W8}
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The engine oi! tempera.:rc ivc
tors are on the centrr sec.ion of too
main instrument panei. The lemperature
bulb 1s mounted in the "Tee' fitting be-
low the oll tank and measures the tem-
perature of the oil going. inta the en-
gine,

One outside alr temperature indi-
- »r {c mounted on the center section
of the main instrument panel. The
second outside alr temperature indicu-
tor is on the navigator's panel, The
two temperature bulbs are mounted out-

board of the battery compartment on bhai™

sides of the alrcraft, The left buln is
connected to the main instrument panel
indicator and the right bulb to the
navigator's indicator.

The cabin air temp. siure indi-
cator {s mounted on the cabin tem-
perature control portion of the AC-DC
voltmeter panel, The cabin air tem-
perature bulb {s mcunted next to the
thermister.

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

The GTPU oil temperature gage is
on the GTPU Instrument panel. The
bulb 1s in the oil system of the GTPL.

These indicators require 28 volos
DC power for operation., Whenever power
i3 lost they will automatically move to
an "off scale cold" position. Vecltage
nigher or lower than normal does not
affect the accuracy of the indication.

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

Section

fonnecied Lo the adjoining clroult
soand o cagline oil tempeay-
cture indicetors, 3 and 4 carburetorn
aly rvempsrature indicators and both
supercharger gear box oll temperature
{indicators,

doa e O

{onnected to the next circult break-
er are 1 and 2 engine oil temperature
ndioators, 1 and 2 carburetor air tem-
erature indicators and both outside air
emperature indicetors.

L e o6 BN =t

"he cabin air temperature indicator
ts connected to the cabin neater control
circuit heater,

The GTPU oil temperature gagz is
connected to the GTPU fire warning cir-

cuit breaker,

28 volt DC Liquid Quantity Gages

These are often called '"Liquid-
et érs™ and have float type transmif-
“«r+ mounted in the various tanks. lne
operational power is 28 volt DC and the
entire group is protected by 1 circult
breaker on the main circult breaker
panel,

e suti-leing fluid guantity in-
dis oy is on the upper instrument
panel. The transmitier is located In
the 16 gallon alcohol tank which is
maunted in the right wing fillet at the
tratilng edge of the wing.

The hydraullic quantity gage is on
'he upper instrument panei, The trans-
mitter 4s located in the 5,4 gallon
hedraviic fiuld tank mounted in the hy-
draullc compartment,

There are 2 dual water-alcohol
(ADI) quentity indicators on the upper
tnstrument panel, The transmitters
are lncated in the four 10 gallon wa-
ter-atcohol tanks mounted in the en-
gine nacelles,

w
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canding Gear and Wing Flap Position
Indicator

This indicator requires 28 vole
DC power, It has its own circult
breaker on the main clrcult breaker
panel, The indicator {3 on the center
section of the main instrument panel,

The landing gear portion of this
ind!{cator consists of three drum type
.nd.cators, These are actuated by the
.anding gear up-lock and down-lock
swiiches as the gear is moved, When
:he gear is up the word UP is visible,
If the gear is in the down position a
WHEZIL is displayed, Anytime the gear
is not up or down or instrument power
i3 not applied a striped area called
the "barber pole" 13 shown,

The wing flap portion of this {ndi-
cator {s a single flap-like device. The
flap indlicating device is actuated by a
iransmitter located in the left flap
well, The transwitter is connceted me-
chaunically to the tlap, When DC power
1s lost the flap device disappears and
the word OFF appears,

26 Vo)}t AC Ilnstruments

These are often called the May-
nesyn instruments, The AC power for
operation is supplied by either the
AADLIO-ELECTRIC or the STANDBY inverter.
As the inverters produce 115 volts AC
power, transformers are required to
step the valtage down to 26 volts,

The two transformers, a NORMAL and a
STANDBY, are located in the MAIN Junc-
tion Box. A switch on the forward
overhead panel must be used to select
the desired transformer, There are

two fuses on the right hand annex of
the Main Junction Box which protect the
115 Volt AC power input circuits Lo the
transformers,

The 26 volt AC instruments of the
C-118 are:

3-10

Section 3

4 eagine fuel pressure Indicators

4 engine otl pressure indicators

L watcr-aluohol (ADL) pressure
indicators,

4 turque (BMLP) pressure indicators

4 fuel flow indlcators

2 cabin supurcharger oll pressure
indicators

4 heater fuel pressure indicators

1 mixing valve position indicator

The engine fuel preasire indicators
are on the center section of Lus main
instrument panel, The transmittuers are
on the right side of engine accessory
section on the engine mount, They ara
connected to "E" chamber of the carbu-
retor.,

The engline ol pressure indicators
are on the center section of the main
instrument panel, The transmitter is
on the engine mount on the right side
of the engine, Lt i3 connected to the
outlet side of the maln otl pump.

The water-alcohol (ADE) indicators
are also on the ceater sccetion of the
maln tustrument pancl, They are In
the engine accessory section on the
tight hand engine mount, These are
counectued to the ADL regulator. With
ADI switches OFF a pressure reading
of B-12 PSI is normal, A rapid drop
to ZERO pressure indicates a leak in
the system,

The fuel flow indicators dre on
the center section of the main instru-
ment panel, The transmitters are on a
bracket above the generator. The trans-
mitter is in the fuel line between the
fuel feed valve and the fuel control
unit, The system indicates the amount

of fuel going to the engine.

The torquemeters (BMEP gages) are
on the center section of the main in-
strument panel, The transmitters are
on the left stde of the engine nose
section, The transmitters are connected
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to the torque oll pressure pump, The
indicators 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 box oil
pressure indicators are on the upper in-
strument panel, The transmitters are
located on the rear firewall of Nr ! and
Nr 4 engines. The pressure indicated is
that within the low pressu:. bridle.

The cabin temperature mixing valve
position indicator is on the cabin tem-
perature control panel of the AC-DC
voltmeter panel. The transmitter ls
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
are 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 moved
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

3-12
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by f£licking the wesster punp Lov (he
affected engine 9N and OFF whiie ob-
serving the fuel pressure indicator.
Other methpds of checking for power
fallure are changing a power setting
and observing fuel flow {ndication, or
changing the mixture control and ob-
serving .fuel flow indication.

weotroalc Quantity Indicatir, Svstems

-

cantiny ine

e Simmonds elecironic

Sizating 8ystems are. used Licate
fuel and oll quantity., A f.oi tooailzer
shows the total fuel load.

The systems use.ll5 vol:. single
phase AC power from etther ti. 7ADIO-
ELECTRIC pr the STANDBY inverter. The
systemeg are protected by fuses on the

t

15
main fuse panal In the right hand aanne
of the Main Junction Box. ur of the
fuses protect the MAIN and ALT fuel
quanti:v indicators and the OIL quantl-
Ly tndicatcr for each of ithe engines.
The FUEL TOTALIZER has an individual
fuse and the AUX OIL quantity indicator
has an individual fuse,

The advantages of using this type
of indicator are:

: The “nuscanion o nounds
2, There is very it o error o
the indication due to remper-
atuve, changea,
3, Theve are no movin, parts ia
the rank wnits Lo stick or lan
4. There iz a minimum of pointer
movament due Lo the liguid
i

sloshing or changes of &

attitude,

The indicators are mounted on the
upper instrument panei. There are 9
fuel quantity indicalors sncluding ool
fuel totallzer., There are 5 oll quan-
tity indicators, The indicators are
calibrated in pounds, Inside i3 an
electric motor, turning in response to
signals from the vank units, The motor
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drives both the indicating pointer ard
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 1s placed
to TEST, the bridge clircuit is changed
to correspond to an empty tank, The
pointers then move counterclockwise -o-
ward empty, If the switch s returned
to NORMAL the pointers will return to
the normal reading. This is an opera-
tional check and not an accuracy check.

There 1s a bridge calibrator for
each indicator. The bridge callbra-
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 | and 4 main tanks each have 6
tank units. The remainder of the fuel

‘totalizer bridge,

tanks hawe b oldank unrllos auo.ue

each i tho il taress is Tk i
The tank units are cariasic oonuense
and are sometimes called preobes, Two
concentric cylinders preofiied to ths
particular tank extend from the lop o
the "nttom ¢f the tanb and form tne
plates of the cordensor,

As the dielectric counstant of Tuel
or oll is gre:: of air,
the capacitance vaiue ol 5iolondenscr
varies witn the amuoun: 0! oot or ol
in the tank, This unbilances The dDricyg

I
circuit and causes & ~urrent . ins Lf

the ampliﬁiér The oot 2nt 1= 0w am-

plified and applied U- tadiz r
motor. The unbalance ¢ s end
current flows until ¢ -e L4

moves La give the <ccr.ed

As the ‘rdicator motor oaves ool
dica*inu polnter a wingr 5 atsao worod,
holancing the bridge ocircait uatil the
next L}dﬂap in fuel or oll level, wae
the above process {s agaln ropested ons
the bridge circult balanced,

The TOTALIZER system uo..nuist:
an ampliiter arad o
indicator. The system reics (he Lota.
fuel aboard in pounds. The sign is

BRI+ ¢

P It i A 1 T
from the individual oteetrn

to the totaiizer systum BB
result., The operating toue
same as the {ndividua (70 otin

tems,
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Flight Gzros

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 STANDBY inverter, 1In an emergency
the power can be obtained from the
EMERGENCY inverter,

The three phase output of the {n-
verter reaches the Indicators through
two fuses for e ch tndicator. These
fuses are on the matn fuse panel in
the right hand amex of the Main Junc-
tion Box.

The H-5 attitude gyro indicator is
self erecting. The erection time is 7
to 13 minutes. When up to operating
speed a "winking" flag that "winks" 69
times per minute is visible on the in-
dicator face, The I1-5 attitude gyro
has a heated bezel or cover glass,
which is hot to the touch., The purpose
of the heated bezel s 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 INSTRUMENT POWER AND INSTRU-
MENT LIGHTING 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 IXC
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 EMERGENCY in-
verter, The gyros will operate for

3-14
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approximately two and onc-half hours,
on fully charged batteries,

S§-2 Compass Systems

The C-118 has 2 separate S-2 Com-
pass Systems., One system supplies the
pilot and the navigator with a direc-
tional heading, while the second system
supplies the copilot with a directional
heading.

Both of the compass systems require
115 volt, 400" cycle, single phase AC
power and 115 volt, 400 cycle, three
phase AC power, In addition 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 cither the RADIO-
ELECTRIC or the STANDBY inverter. If
there ts a fatlure of the normal OC
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 5-2 Compass System is
supplied 115 volt, single phase and three
phase power by either the RADAR-ELECTRIC
or STANDBY inverter. It cannot be connec-
ted to the EMERGENCY i{nverter.

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 fuses aplece
in the three phase power supply, These
fuses are on the main fuse panel in the
right hand annex of the Main Junctlon
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 copllot's
system {s 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 turn with the air-
craft, so these magnetic flux lines
pass through at different angles,

Thus, for each position of the alrcraft
relative to the north magnetic pole, a
definite and different signal is cre-
ated, This magnetically induced sig-
nal {s sent to the Amplifiers,

The 2 Amplifiers are on the main
radio rack, Each Amplifier recelves
the magneticall~ 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 Directional
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 agalnst the gyro.

At the time the system is first
turned ON, the "slaving" rate 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-1s 3 to 6 degrees per minute if a
large misalignment occurs, For small
misalignments the rate s smaller to
give a smooth compass indication.
Mounted below the gyro {s a second
signal device connected tc the Repeat-
er Indicator. This device sends out

a signal corresponding to the positiun
of the gyro,

The pilot®s S$-2 Compass System has
2 Repeater Indicetors, one on the pi-
lot's section of the main instrument
panel and one on the navigator's {nstru-
ment panel. The Repeater Indicator for
the copilot's S-2 Compass System is or
the copllot'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 Compase
Controller Panel, which are mounted on
the lower edge of the left and right
sections of the main instrument panel.
If a magnetic heading i{s desired, the
toggle switch on that panel should be
placed in the SLAVED GYRO positicn, 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 i3
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
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desired heading while the switch is in
FREE GYRO position, use the SET HEAD-
ING-FREE GYRO knob on the Controllex
Panel. To go up-scale place the knob
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 has synchro-
nized to the correst magnetic head-
ing, place the toggle switch to FREE

Section 3

GYRO. Next use the SET HEADING-FREE
GYRO knob to move the Repeater off

the magnetic heading a few degrees,
Then set the toggle switch back to
SLAVE GYRO. The Repeater should "slave"
back %o the magnetic heading. Repeat
the above process except for moving

the Repeater off the magnetic heading
in the opposite direction.

On the Controlier Panei is a SYNC
SIGNAL meter, The meter indicates
whenever the gyro is being "slaved”
and so acts as a "quick" operational
check of the system, When in FREE GYRO,
if the SET HEADING-FREE GYRO knob is
moved to INC the meter hand moves to
the right and i{f set to DEC the meter
hand moves to the left,

3-18



C-118

Section 3

Chapter 2

THE £-4 AUTOMATIC PILOT

General

The Alr Force E-4 (Sperry A-12)
Autopilot will automatically maintain
a desired flight attitude, The Auto-
pllot Gyrosyn Compass System through
the E-4 Autopilot will keep the air-
‘craft on any selected heading., Ths
E~4 has a barometric pressure altitude
control which will maintain, within 20
feet, any selected altitude.

By using an elevator trim tab servo,
in addition to an eli<.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 minute to
the bank angle is automatically coordi-
nated for all airspeeds,

Automatic app.vach equipment is
connected to the E-4 Autopilot, When
this equipment 18 used, the autopilot
responds to radio signals and main-
tains an on-course flight path con-
trolled by the localizer and glide
slope radio beams,

Power Requirements

The E-4 Autopilot uses both 115 woit
single phase and 115 volt three phase
AC power. The single phase power can be
obtained from either the RADIO-FLECTRIC
or the STANDBY inverter. While these in-
verters produce three phase power, in
this case, only "C" phase (single phasc)
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
4i, power in the Autopilot Compass Direc-
t2onal Gyro Control and in the Autopilot
Vertical Gyro Control for gyro stability,
[herefore the single phase AC power is
converted to three phase AC power by
the autopilot phase adapter, The auto-
pilot phase adapter {8 located in the
right hand annex of the Main Junction
Box.

The E-4 Autopilot also uses 28 voit
IX. power, The three autopilot clrcult
breakers are on the main circult break-
er panel, These three circuit breakers
protect the TUBE FILAMENT, INTERLOCK
SERVO GENERATOR CONTROL circuits.
The interlock system will prevent
turning ON of the autopilot unless
proper power is available.

and

the
rhe

Location

The Vertical Gyro Control is in the
hydraulic accessory compartment. This
electrical gyro controls the allerons
vnd elevators when the autopliot 1s en-
gaged,
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The aileron, rudder, elevator and The B-6 Amplifier, on the main
elevator trim tab servos are in the hy- radlo rack ts the autopilot amplifier.
draulic accessory compartment, All The B-6 {s also used to connect the
servos, except the elevator trim tab Autopilot Compass System to the auto-
servo move the control surfaces. pilot. The B-9 Amplifier (Approach

Amplifier) on the main radio rack con-
nects the automatic approach radio
equipment to the autopilot.

SERVOS

AUTOMATIC APPROACH
ELEVATOR TRIM TAD SERVO AMPLIFER
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The Servc Scntrcs Motor Gensritor
is in the iuverter compartment. The
signals from the B~5 Autopilot Ampli-
fier do net have sufficient power 4o
operate the servos. The Servo Ccontrol
Generator acting as a power gensrator
delivers the required power to the
Servos.

SERVO CONTRCL
MOTOR GENERATOR

&
-2
s Oy

©
/@

AUTOMATIC APPROACH
SELECTOR

Secticn ©

All of the E-4 autopilot control
units are in the flight compartment on
the pedestal, An Autopilot Controller
turna ON and controls the autopilot.
An Automatic Approach Selector switch

48 used to connect the automatic ap-

proach radioc equipment to the auto-
pilot. The C-118 alrcraft have me-
chanical engage-disengage levers. The
levers are spring loaded to both the
engaged and disengaged position,

~“Or=vOon<o

MECHANICAL ENGAGING
CONTROL LEVERS
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Autopilot Compass Systeus

For directional control, the E-4
autopilot uses a compass system. The
Autopilot Compass System operating
principles are similar to the §-2 Com-
pass Systems discusaed earlier in Chap-
ter 1. The Autopilot Compass Flux Valve
1s in the right wing tip., The Direc-
tional Gyro Control is in the hydraulic
accessory compartment. The Autopilot
B-6 Amplifier is used to amplify com-
pa8s signals, rather than s saeparste
amplifier as in the standard $-2 Com-
pass System. The Autopilct Compass Sys-
tem signals are used to concrol the
rudder servo,

The Autopilot Compass Systéem uses
both single phase and three phase 115
volt AC power, plus 28 volt DC power,
The three phase powar is used for gyro
stability and the singis phase power
is used in the senxing circult., As re-
lated under autopiist power, the AC
power comes from either the RADIO-ELEC-
TRIC or STANDBY inverter. The AC power
comes through the AUTOPILOT fuse and
the DC power from the AUTOPILOT FILA-
MENT circuit breaker,

Anytime the DC powsr is ON and the
inverter i8 ON, the Autopilot Compass
System will operate. The Autopilot Com-
pass System operates ragardless if the
autopilot is engaged or not.

Besides furnishing the E-4 Auto-
pilot directional control, the Auto-
pilot Pilot Compass System is also used
as a reference source for the Radio-
Magnetic Indicators., There are fivs
Radio Magnetic Indicatorsj two for the
pilot, two for the copilot and one for
the navigator,

The compass heading from the Auto-
pilot Compass System is sent to a C-1l
Compass Signal Amplifier located on the
main radio rack., The compass signal is
amplified within the C~-1 Amplifier and
sent to operate the “cards" or magnetic

3-22
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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
pilot's panel via the C-1 Amplifier,

Tk« C-1 Compass Signal Amplifier
uses 119 volt, single phase power ("C"
phase only) from either the RADIO-ELEC-
TEIC or the STANDBY inverter., The power
1% fad 1o the C-1 Amplifier through the
i s1FASS REPEATER fuse located on the
# fuse panel in the right hand annex
cf the Main Junction Box. This COMPASS
REPEATER fuse and the AUTOPILOT fuse
comprise the two autopilot aystem fusea,

In the event that the COMPASS
REPEATER fuse should fail, the
ertire Radio Magnetic Indicator
will be inoperative as the C-1
ampiifier furnishes the power to
both the "cards" and the "hands™
of the Radio-Magnetic Indicators.

Noles
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Cne festurs -7 the E-4 Autopilot le
the Interleck syetem. This gystsn pre-
vents tha turning OR of the sutepilot
unless the correct procedures havs
been followed. The system will aisun
turn the autopilot OFF, if imprope-
procedures are attempted during au. .-
pilot operation.

To turn CN ihe autopllot.
lowing condlticns ~o.at exial:
1. Proper power : .:i be awailsil: 1o
the autopilot.

2. The power musi avn Befa oo o o
least 2 minutes.

ievers should be in
=i%icn.

3. The engag: -
the DISENGA..+ ;=

Le The rurw
tered.

cuonuiod kneob must be cen-

5. The automatic approach switch must
be in the AUTOPILOT positioen.

Section 3

Fer autopllot operation, first
check that the conditions listed under
interlock System have been met. Second,
im the alroraft to fly *hands off®.
»=rt move the autopllot control switoch
tc "ON". Then check the autopilot signal

zaters for less than one (1) needle

1dth deflection, Finally place the me-
-nanical engaging levers into the ENGAGE

nosition.

When on autopilot, the aircraft
piteh angle can be changed by rotating
iLher of the pitch control wheels on
sides of the autopilot controller.
ste towards the nose for ncse down
rotate away from the nose for nose
: These pitch control wheels are in-
~,«rative when the altitude control
rwitek is "ON" or the automatic approach
~4.tch is on "APPROACHW,

To turn the aircraft with the auto-
pilot, use the turn control knob on
the top of the autopllot controller. A
coordinated turn is produced at all air-
speeds.

Pitch Contrcl Wheel ~—

Pitch Control Wheel

Trim Meters

Dl Knob
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The aileron trim control knob be-
tween the two switches of the auto-
pllot controller is used to trim the
aircraft when on autopilot.

With the autopilot engaged, move
the altitude control switch on the
right side of the controller to "ON",
The autopilot will then maintain a
constant barometric pressure altltude.
If the autopilot is dlsengaged, the
altitude control switch switch will are:
to "OFF" at the same time.

CAUTION

The altitude ocantrol switeh must
be turned "QOFF" prier to changing the
statlc source seleotor valve switch
to the alternate pos‘ili-n, Failure to
do so will result !n an abrupt change
in the attituds to tue limit of & de-
grees.

The three autopilot signal meters
on the autopilot controller indicate
by the deflection of the pointer that
the autopilot is correcting. 4 con-
stant deflection of more than one point-
e width indicates an cut-of-trim con-
dition. The proper procedure is to
disengage, retrim maruslly, and re-
engage.

The autopilect servos are mechanic-
ally engaged by manual engaging levers
on the control psdestal. The thres
levers have two positions, "ENGAGE® and
"DISENGAGE" and are normally operated
as a single control. An interlock
system prevents turning the autopilot
control switch "ON" when any servo 'is
engaged. Disengaging the slevator en-
gaging lever while the altitude control
switch is "ON" will automatically return
the altitude control switch to the "OFFM
position. .
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" AJTOPLOT WECHANCAL ENGAGING | FViRs
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The first disengeging procedure is
tec move the mechanical levers to "DIS-
ENGAGE". The servos are disconnected,
but the electronic urnits continue to

operate.

Another way to disengage is to preas
either the pilot's or the copllot's
autopilot release button on the aircraft
oontrol wheel. The autopilot control
switch will snap "OFF", but the engaging
levers will remain ENGAGED. Manually
move the levers to "DISENGAGE®".

The lsst 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.
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Pricr to attempting sutomatic zp-
proach, the piliot should ohesy for.

1. Autopiles -

2. Altitod

3. Actoms!
sWitch ~ AUTOFPIL

4. The instru
- ON

5 . The .U)PH,U,&& BN
automatic appron -

ending resocic.

De net av o
matic aporenon o7 b

iomarRear outo

When over the ruls

reduce airspeed to 140 mots, One ~:-

ute after crossine =ns antar marke-
bound make & atar.n:. S oprocedyrs
using the autopiict urr centrol knowu.
The altitude shksuld e sppraxivetely

1500 feet above ihe runvsy. The spesd &

held at 0 kpots, wngine EPM iz 2100,
2 ]

Section 3

oo taw Llaps are ab 20

stuer s standard ILS procedurs
s, tne ipbound heading is normally
=gresp from the localizer heading.
er the automatic approach equip-
+1lows the aircreft to approach
;+ uealizer beam at any angle up to
grees Irom the landing heading,
“ing the irbound heading the pilot
st automatio approach selector
, v LUCALIZER when the vertical
s1s o the Courge Indlicator leaves
stops. As the alrcraft approaches
" venter of the lcecallizer beam, the
»eadla will continue to the center,
srahneot, and then retursn to center,

; CAUTION

-upting to correct for this
o ornnt by using the turn control
=on will slectrically dlsengage the

Touidct,

Wher: the aircraft is steady on the
eralizer, watch for the glide slope
5y mesns of Lthe cross pointer indi-
2z %7,  When the horlizontal bar 3hows

o vun dots above center, turn the
entrel switch "OFF", Next use
control wheel to bring the
t onto the giide slope. The
< :re dropped to 30 dezrees, the

vz lef't up, the engine RPM set at

~nd the elrecraft retrimmed. The

#e7 should be maintained between
o 2AD ¥rots TAS.

ts alternate mathod us2d is to wait
ihe nororaft - is centered in the
tzsr veoam,  Then set up the ap-

- ai oonliguretiion. Next turn the
ehyLudae controlk switch YOFF", Use the
.eh contrsl wheel to set a nose down
ttude equal to the glide slope angle.
18 uauully 2.5 degrees down from the
ral £1light sttitude. Finally return
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As the glide aln“” 1w cey
lower the gear. Reir LH% aﬁre 54
and check the ?ﬁd'”&ta; 7o omakn sure
the glide slope is belng heid. When
steady on the glide slope, turn the
automatic approach selector switeh to
APPROACH. If the altitude control
awltch 1s "ON™ at thies time, it will
automatically snap to ®UFF", Continue
flying cn in, maintaining the 120 ime-
airspeed with small pouer crangen

If visual contact of i:« rununy, is
wide before the descent - cw wltitude
{3 reached, the autopils? - OXSENGAﬁgﬁ
and the approanh is
when visual contsci ia
tne descent minimm sit’ . v
the autopilot is DISEE.: £l apd <he
pllot flles a starder’ o !s2esd-amyvprosch
procedure manual.’

oleda: SN

HIRI

HEL 7 B

in anmy ceds oo L. pi0T e LS
ENGAGED within - siouids of the Lims the
aircraft passes over the middle marker
to avold passing over the glide path
tranamitter with the autoplilot engaged.

This egquipment cruser
<o respord to VOR, VAN,
range beam signals. Fr. “hi
the pllot uses the Auuxmgfi
Switch, and ths daud,wg
deading Selevtor 3 £
pllotts geoticn of

panel "

Lhe eﬁ‘f ingty

ALVUBATH,
APPEGATH
SELRCTOR

Saction 3

BeVES &8 &
v anpdifier for

vhic systsn. The powe¢ source for the
arplifier Y8 the a tcpilot power systenm,
Tna Repsaier ampilifier is mountied on the
inoyndin raok,

A «-‘\‘

“rz tomatic range operation the
iet Y9 moves the Automatic Approash
th tg the RANGE position., Next the

LEYRT/RIDE RIGHT switch is set, The

; position is used for OMMI
et ion sitﬁﬁl the BIIUE LEFT
G is selected for VAR

ceanion depending on the direction of
£1ight. Then the Heading Selector must
s s3t to the desired heading. In set-
ting the Heading Selector ths mob in

Feoawmr laft corner is rotated untll

nie nesdls fa 0n the desired
ngle needle on the Head-~
shows the magnetic head-
saraft ae it is connected
.iowi ot Gyrosyn Compass System.
*ungs operation is desired the
+ *nust elso sst the Course Selector
v wne pilotis Course Indleator to the
deaired (MMl heading,

imee the above procedures have been
coapieted the airoraft will turn to and

stay on ths desired heading The maxi-
e iaxing tha turn to the heading
P& ’an"ae&ﬂ

Hedsy arosswind conditions the auto-~
{inn may "hupt® from side tc side of
=mg to the OMMI e tation, To
foothm Fromting® align the double
¢ the heading selector with the

asd iy

CEETRES *ﬁading ahown by the compasa
ainter,

saading

i RIPKAYER
ANPLINER

| Vummtoy
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£8iES AIRCRAFT

H-5 utilized.

warning light will come on
.=sa3 of any phase,
felsyn gear indicators,

#lown H-5 Gyro fuses will not
inverter warning lights to come on,

EORINOT

»iux valve located in the
ing tip.
Selector switoh located on
‘#% instrument panel,

Py

. Flux valve location:
1. Pllot's in left wing tip.
2. Co-pilot's in right wing
tip, approximtely 18 inches
from autopilot flux valve.
Two mester indicators.
TWo controller panels, lo-
on pilot's and co-pilot's

iment panels,

Ho pre-set knob on indicator.

Switch located on pilot's and
int's controller panel.

231 indicators have two cards:
1. Stabiliged magnetic head-

g, or gyro heading if selected.

2. Reciprocal heading.
4. None,
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PROPELLER DESCRIPTION

Each of the four engines is equip-
ped with a Hamilton Standard, three
blade, full feathering, reversible
pitch, 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 Blade Asgembly, Dome Assembly, Low
Pitch 8top Lever Assembly and the 0il
Transfer Housing.

Constant «ngine RPM can be main-
tained automatically or manually
through changes in propeller blade
angles. All four propellers are main-
tained in tomatic synchronization
by an ele~ ric synchronizer system.
The pilot is provided with four in-
dividual selector switches, a master
engine selcctor switch, a master RPM
control lever, a resynchronizing
switch and four feathering buttons.
Reversing 'is initiated by actuating
the throttle micro-switches, after
the reverse arming bAr is moved to the

4-1



C-118
aft position.

A propeller feathering system
transfers oil from the engine oll tank
to the propeller feathering pump and
then to the propeller governor.

An electrical master RPM control
system controls and synchronizes the
RPM of the four engines,

The propeller has an elactric de-
icing system, Electrically heated
elements are attached to the leading
edge of each propeller blade, Power
is supplied from the starter bus to
the de-ice brush assembiy attached to
the engine nose section and is then
transmitted to the rotating propeller.

The two forces that . .utrol the
propeller are the centritugal twisting
moments on the propeller blades and
the oil, delivered under pressure by
the pump, in the governor assembly
(constant-speed control). The cen-
trifugal twisting moment is a com-

ponent force which acts on the blades

of the rotating propeller tending to

move the blade toward low pitch, Thg

Section &

oll pressure is directed as required
by the governor assembly (constant
speed control) to either the increase
or decrease side of the propeller
piston,

Blade angles specified for this
propeller installation are:

Lows Pitch +30 Degrees
Feather Pitch +96 Degrees
Reverse Pitch - B Degrees

The governor RPM Control i.imits are
set to control the engine FPM Letween
a range of 1200 + 50 RPM and 280¢ + 25,
Normal continuous range of operation is
1400 to 2600 RPM. The range betwes
2600 and 2800 RPM is termed -he limited
range of operation.

Feathering the propeller !n flight
is accomplished by deprecssing the feather-
ing switch. A normal feathering cycle
should be completec {n appreximately
12 to 15 seconds. The mechanical stop
rings limit the blade angle to a +96°
for feather. The maximum indicated afir-
speed at which the unfeather operation
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Chapter 2

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 1s the governor oil pump,
high and low pressure rellef valves,
and the selenoid selector valve, This
selector valve 18 electrically ener-

glzed. Open for reverse and un-
feather, When the valve {s de-ener-

glzed it is spring loaded closed for
feather and unreverse,.

The governor flyweights are driven
by a shaft coupled to the veduction
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 angie changes, The
speeder spring holds the pilot valve
down and the flyweights tend to pull it
up. By iIncreasing and decreasing com-
pression on the speeder spring, the
engine RPM can be varied,

During normal fiight, 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 otl to flow to the forward
side of the piston increasing blade
angle and decreasing RPM until the com-
pression 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 is
holding the pilot valve down and oil

bty

will flow to the inboard side of the
plston, decreasing blade angle and in-
creasing RPM until once more the cen-
trifugal force acting on the flyweights
and speeder spring compression are in
balance.,

The oil for the governor oil pump
comes under pressure from the engine
nose section. The ;recsure is boosted
by the governor oifl pump to the re-
quired operating pressure of the pro-
peller, Normal operating pressure is
limited to 90 PSI by the low pressure
relief valve.

During feathering, unfeathering,
reversing, and unreversing, the pilot
valve {s 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,

Propelles 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,

PROPELLER CONTROL PANSL
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2 Electrical Recepracle 10 Pilot Valve
3 Low RPM Adjusiment Screw 11 Drsve Shaft Coupling
4 High RPN Adjusiment Screw 12 Drive Shaft
5 Speeder Spring 13 Siepmotor Comtrol Head Clamp Ring
6 Flyweight I4 l.ow-Pressure Relief Valva
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8 Selector Valve 16 High-Presswe Relief Valve

Propeller Govarnor
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- PRESSURE OIL

" RETURN OIL

B cquaL PRESSURE

On-Speed (RPM Remains Steady)

This condition exists when the air-
speed, altitude and engine power of the
aircraft are constant. The speeder
spring has been set by the pilot for
the RPM desired. The flyweights moved
the pilot valve which directed oil to

the piston in the hub. This, in turn,

4L-6

moved the propeller blades until they
found a pitch that absorbed the engine
power at RPM selected by the pilot.

When that moment of speed balance
occurred, the forces of the flyweights
balanced the speeder spring load and
positioned the pilot valve in the neut-
ral or constant speed position.
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feather and unfe.thor o3t o

When the switch is
circuit is established
trical bus through the switch holding
.::11 and the propeller timer, located
it a relay box aft of the pilot's sta-
tion.

depressed, a
from the elec-

The timer operate:s t.o rorninate
feathering. As lcn»: circult
remains closed the .o . sii keeps
the switch in the dep .ss. sosition.
Closing the feathcring swi “» ~ompletes
a circult from the ‘cciric: -—us to

the feathering pump m: "or. The feath-
ering pump picks up oii rom the engine
oil tank and supplies {! under pressurs
to the propeller governnar where {t ¢am.
bines with the oil output from the gov-
ernor pump. The ofl is then directed
into the forward, or increase pltch
side of the propeller dome piston.
Movement of the dome piston satops asg
the blades reach +96~ ~r tne feath-
ered position. The redtheving timer
will continue to overate 12 to 15 sec-
onds, after the sw:tch is depressed,
then the timer will break the circuit
to ground, de-energizing the switch
holding coil and allowing the switch to
pop out to neutral, thus siopping the
feathering pump.

the fsathering switch
zrid held momens

To unfeather,
is manually pulled

tarily (A maximum <f ruc -eoonds). This
completes the circuits to enoryize the
feathering pump and hi: gov.¥ior re-

verse unfeather solencid valve L(apen).
Feathering pump o0:1 pressure is ther

exerted against the decyoazc.pitch or
aft side of the prove:

Y YR TON IO Ul
ler b.ades to &
lower angle. At the fir.t landication

of propeller windmillinu, the feathering
switch 18 released, unieathering stops,

5

feather or change prore!
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and normal constant-speed governor
controlled operation is resumed. 1In
case the feathering switch {s inadvert-
ently held out too long, the propeller
blade control switch on #1 blade will
break the circuit and de-energize the
governor solenoild 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 mechanism con-
sists of a ball bearing detent voller
attached to each thruttie lever on the
throttle quadrant; - gate assembly,
pivoted from the pedestal structure,
which blocks the thrnttles from the
reverse range durir:. rusl throttle
operationj and a rewverse-unlock handle
(Reverse Throttle Lock), between the
pilot's and copilot’s throttles, which
must be operates to vnlock the gate
assembly for reverse operation, The
mechanism {s sequence-interlocked so
that the throtties 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,

Reverslng Qperation

Reversing is initiated by movement
of the throttle intoc the reverse por-
tion of the quadrant after the Reverse
Throttle Lock has been positioned, This
action energizes the governor solenoid,
opening its valve to direct governor
pump oil to the upper positioning cham-
ber in the pilot valve sleeve, and also
starts the propeller feathering pump.
The pilot valve {8 moved to the under-
speed position, where it directs gov-
ernor pump and feathering pump ofil to
the aft side of the piston, forcing
it forward. At the same time, pressure
is exerted against the servo piston
valve,

Section 4

When the pressure is sufficlent the
valve opens and the pressure i{s exerted
against the servo piston, moving the
piston and the servo piston shaft for-
ward, As soon as the stop lever wedge
is pulled beyond the stop levers, they
close in rapidly, out of the way of
the piston sleeve, 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 sieeve has
moved far enough to allow the high-
pressure oil to dump through the slots
in the aft end of the piston s!2eve to
the forward side of the piston, Four
amber lights on the pilot's control
pedestal 1lluminate when the propeller
is in reverse thrust,

Unreversing Operation

During the unreversing operation,

which 1s {nitiated bv moving the throttle

into the forward portion of the quad-
rant, feathering pump oil is directed
to the lower positioning chamber thus
positioning the governor pilot valve
for overspeed operation. Feathering
pump oil is delivered to the forward
side of the propeller piston to move
the propeller blades toward positive
pitch in the constant-speed range.

—=<"As soon as the blades reach an
angle of five to seven degrees abowe
the low-pitch setting, the control
switch on blade No., 1 closes to ener-
gize the unreversing termination cir-
cult, The governor (constant-speed
control) now assumes control of the
propeller in the constant-speed range.

4-11
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PROPELLER SYSTEM CONTROLS

The components of the propeller
control swvstem are a propeller syn-
chronizer, master RPFM control lever,
master engine selector switch, individ-
ual selector switches and resynchroniz-
ing switch. Other controls are the
throttle actuated reversing switches,
“achometer isolation switches and
feathering switches,

The Individual Selector Switches

The selector switchas are toggle
“ype, one for each engine. They are
mounted on the propeller control panel
and have three positlons. The center
position is spring loaded OFF, forward
48 INCREASE RPM and aft is DECREASE
3PM.

These switches provide RPM varia-
“ion for any engine independent of
other engines and can be used with the
Master Engine Selector Switch in either
the AUTOMATIC or MANUAL position.

While the individual selector
switches can be used to vary the RPM of
one or more engines, the engine being
ased as the MASTER should be controlled
v the MASTER RPM CONTROL LEVER, druing
automatic operation. If an individual
selector switch is used to change a
slave engine RPM more than 37 away from
master engine RPFM, the master cannot
ll the slave back into synchroniza-
tion because svnchronization is limjted
to 3% of the operating engine RPM. For
more than 3% corrections, the limited
»ange mechanisms must be reset by de-
pressign and releasing the synchroni-
zar switch.

A blue light is mounted adjacent to
zach individual selector switch and
illuminates when the corrdsponding

governor reaches the high or low RPM
limit setting.

Propeller Master RPM Control Lever

This lever adjacent to t:ia propel-
ler control unit operates all four
propeller governors sinultaneously.
Fforward movement of the synciirenizer
lever causes an increase in RFi. Aft
movement causes a decrease in RP¥. The
lever is used in conjunction with the
automatic propeller synchronizing

Propeller

Muster L?et'

. Amber Propeller Reverse Light:

Manual RPM
Contro; Switches

Throttle Sequence Gate
Reversing latoh Handle
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system and is operative only when the
propeller automatic control switch is
in the Nr 2 MASTER or Nr 3 MASTER posi-
tion. When the master lever is put in
he 11 forward position, it actuates
ayswitch which cuts out the synchroniz-
ing circuit as long &s the master lever
isin that position. Thus, failure of
the master engine on takeoff will not
affoer 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
jusc forward of the nrward baggage com-
partment. It provides a means of con-
trolling and synchronizing the RPM of
the four engines. Either Nr 2 or Nr 3
engine may be seleci. ° for master RPM
ref2rencn. Fach propeller is under
governor control! at all times so that

2

2-

SETL

constant speed operatio: is retainsd
in event of fallure of the syachrouix
tion system.

Synchroriization of all engines
is available throughout the entire
operating range and is limited to
3% 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 ls availabie.

Propeller Auto Contro! “witch

The automatic propeller = +xchron-
izing system is controlled by a three
position switch, marked Nr 2 MASTER,
MANUAL, Nr 3 MASTER, on the propel-
ler control panel. When the switch
is in the Hr 2 or Nr 3 MASTER posi-

i THE PILOT SELECTS MNo. 2
ENGINE AS THE MASTER,
No. 1.3 AND 4 BECOME

F Na. 3 1S SELECTED, No. 1, AN
2, AND 4 BECOME SLAVES. )
THE OUTBOARD ENGINES
SLAVES. ARE ALWAYS SLAVES.
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ticn the selected engine becomes the

master which the other engines follow.
When the switch is i{n the MANUAL posi-
tion, the automatic synchronizing and
master lever system are de-energized.

The range of control is 37 increase
or decrease of the operating engine
RPM, This feature prevents slave en-
gines from going either above or below
the controlled range in event 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 ccckpit., 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 inter-
ferring with operation of the master
lever or RPM indicators in the cockpit.

The Resynchronizing Switch

This switch 1s 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
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Each time the resynchronization switch
is depressed and released, it permits
slave engines to progress another 3%
toward the master engine RPM, until
all engines are in synchronization,
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DEICING SYSTEM

The propellers are protected from
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 equipped with a2 tim-
ing device, mounted :~ the fuselage ac-
cessories compartmen’ that controls
the flow of current r= the heating ele-
ments. To prevent an excessive power
drain from the aircrs: 's electrical
system, the timer energizes each pro-
peller deicing circuit in sequence.

The prope}#ﬁ‘ deicing system {s
controlled by®a single ON-OFF master
switch on the heater control panel.
Four 2M€position selector switches
mounted on the aft overhead panel are
provided to select automatic TIMER op-
eration or MANUAL operation in the
event of timer failure, or if it is
desired not to deice one propeller.

The switches are nommally guarded to
the TIMER position. An ammeter 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
ammeter 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
doers not exceed 60 seconds ON and 180
seconds OFF. Partial timer and manual
deicing operation {3 ot recommended
as ft Is possible Lo heve = manually
selected propeller and a ti:or select-
ed propeller on at the samc¢ time with
a possibility of overloadiny - ¢ gener-
ators. (Approximatei. 200-ampere load
per propeller is requirud for propeller
deicing.)

When the engines &are not runntns,
the propeller deicing system must not
be left ON for longer than one cycle,
because the propeller blades do not
have a cooling airilow. Allow a mini-
mum of 30 minutes between operations
so that the heating elements can cool
sufficiently. The prooeliuvr deicing
system circuits are opercd and the
system is inoperative during propeller
feathering, unfeatnering, reversing
and unreversing operation.

Heat is turned on,
Centrifugal force
throws ice off,

Ice i3 allowed
to accumulate.

4-15
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INSPECTIONS AND CHECKS

Exterior Inspections

Propeller Deicer 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 for excessive
oil leaks, dome retainer nut safetied
and for burned or charred area where
the electrical lead enters the deicer
bcot. Check blade switch leads. for se-
curity.

.

Interior Check

Propeller deicer switches - OFF
Tachometer isolation switches - NORMAL
Emergency propeller deicer switches -
TIMER

Propeller master lever - FORWARD
Mester eng!ne selector switch - Nr 3
MASTER

Governor limit lights -~ ON

Runup Checks
Deicer Check

Set throttles to 1500 RPM. 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 amperes and the de-
s'red amperage is 180 to 225 amperes.

Prgreller Check

1. Place master engine seclector switch
in the MANUAI. positjon, propeller

4-16

selector toggle switches to DE-
CREASE RPM and hold until 1200 ¢
50 RPM 18 reached and the limit
lights 1lluminate.

2. Move propeller selector switches
to INCREASE RPM until 1500 RPM is
reached and the limit lights 1l-
luminate.

Note: The limit lights should go out

and come on again after approxi-

mately 12 to 14 seconds.

3. Place master engine selectog switch
on Nr 2 MASTER position, pull mgs-
ter control lever to the full DE-
CREASE RPM position and wait until
1200 + 50 RPM is reached and the
limit lights illuminate.

L. Change master engine selector
switch to Nr 3 MASTER position
and push master control lever to
the full INCREASE RPM position,
When 1500 RPM is reached, the
1imit lights should illuminate.

Feathering Check

Copilat checks nr 4 and Nr 3 propel-
lers. Pllot checks Nr 2 and Nr 1 pro-
pellers. Push in on feathering button,
pull out after noting a 200 to 300 RPM
drop.

Reversing Check

If the propeller reversing system
is checked during the preflight by
maintenance personnel, as is the nor-
mal procedure, it is not considered
necessary for the pilot to repeat this
procedure prior to flying. At enroute
stops, or when there is a crew change,
it i{s not considered necessary to again
check this system i{f reversing was used
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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 revers«
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 DURING THIS CHECK.

Sectliom «

5. Move throttle to forward posi-
tion, amber lignt should go out.

The reverse-unlock handle must
be reset each time a throttle is re-
positioned to the forward range, {f
other propeller reverse checks are
to be made.

Any malfunction of the reverse-
uniock mechanism will not prevent re-
turning the throttles to the Porward
position.

HNoteg 1f an eugine is [osperative or
feathered on landing, the throt-
tle for that engine must be in
either the OPEN (full forward)
or CLOSED (normal idling) posi-
tion before reversing can be
accomplished on the remaining
engines.

REVERSE THROTTLE LOCK REILLASE BAR
AND THROTTLE POSITIONS

L
000

. "
; . J
\. POSITION ) POSITION 3 POSITION J
\ Bor will not re-  Bar will releass,  Bar will releass, .
. leoss when the allowing thret- sllewing the
thwottie s inon  ties 1o meve threttiss te
intermediate through detent meve threugh
position. inte reverse  detent infe re- |
range. Verss renge. i

4-11



C-118

Section 4

Chapter 7

EMERGENCY OPERATING PROCEDURES

Propeller Manual RPM Control Malfunction

On early alrcraft, 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 is
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 propeller selector sw'tches 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).

3. 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

WARNING

Do not actuate the propeller
selector switch for the prop-
eller in which a short cir-
cuit exists, as the wanual
control circuit breaker will
trip.

On later afrcraft, the 10 ampere
magnetic type manual controi circuit
breaker is replaced with a 5 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
switches, 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 engine selec-
tor switch to the opposite engine.

2. (f this does not correct the trou-
ble, place the master engine selec-
tor switch in the MANUAL position.

3. If the engines continue to hunt or
surge, place the tachometer isola-
tion switches in the EMERGENCY posi-
tion.
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Individual Propeller Out Of Synchroniza-

tion

If an individual propeller is out of

synchronization in AUTOMATIC and the re-
maining propellers are functianing prop-
erly, perform the following:

A 4
1.
2.
3.
4.
-
5.

Push the resynchronizing button re-
peatedly until the propeller is in
synchronization.

If this does not correct the condi-
tion, actuate the respective propel-
ler back into synchronization.

If the propeller does not stay in

synchronization, piace the master

engine selector switch in the op-

posite inboard eny:-2 position and
push the resynchrouizing button.

If the propeller will not stay in
synchroniziation, place the master
engine seleclor switeh In the MAN-
UAL position and operate the indi-
vidual propeller selector switches
faor synchronizing and change of
RPM.

If the engline tachometers continue
to fluctuate, place the tachometer
fsolation switches in the EMERGENCY
position, which deletes automatic
operation.

Propeller Overspeeding

If an engine tends to seriously

overspeed, indicating that the propeller
18 not functioning to reduce RPM, pro-
ceed as follows:

l.

2.

Throttle - CLOSE
Airspeed - Decrease to 135 Knots IAS
Feathering hutton - As required

Propeller selector switch - Toggle to
DECREASE RPM

Secvtion &

5. Engine feathering procedure - As
required
Note: The two most important factors
to be considered in the event
of propeller overspeeding are
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 increase the angle of attack
(if cenditions permit) in order
to slow the aircioit to the
recomended 135 Knots IAS as
soon as possible. [7 enyine
feathering is impossitl. . re-
duce the throttle and maintain
RPM within limit= "y regulat-
ing the TAS of the aircraft.

Airspeed may be resumed after (nc
propeller becomes stationary. In a
high RPM windinilling condition, pas-
sengers should be moved a1t of the
plane of propeller rotation. A high
RPM windmilling condition may be par-
tially restored to normal by descend-
ing to a lower altitude, {nasmuch as
the propeller windmilling character-
istics are a function of true airspeed.

When engine overspeeding 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 :s 2800 to
2950, while an inspection is required
at 2950 to 3400 RPM. An engine change
is required when RPM exceeds 3400 RPM.
Note: Engine overspeeding usually
occurs after a momentary power
loss that is followed by a re-
turn to full engine power.
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versed during tlight, proceed as follows:

Jnreversing In Flight

If a propetler is inadvertently re-

1. Reduce the airspeed to 135 Knots IAS
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; therefore, the throttle
must be forward ¢: the reverse
detent before power is avajlable
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 {f 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.

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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verse pitch RPM will be approximately
1600 to 1800 RPM.

3.

Note:

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 circult breaker -
Tripped

c. Mixture control isver - IDLE

CUTOFF

d. Engine - Secure

If propeller featheri..> 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 setcing. If
propeller has resched full feather
position, secure the engine as out-
lined in step 3.

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
oll 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 Intoc 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-



C-118 Section 4

peller reverse control circuit breaker to the low-pitch, high RPM setting.
for the affected engine to prevent full 1f the propeller already has reach-
feathering of the propeller. The pro- ed the feathered position, secure

peller blades will automatically return the engine.
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STUDY GUIDE SUPPLEMERT

1951 SERIES AZIRCRAFT

VERSUS
1953 SERIES AIRCRAFT
1. PROPELLERS 1. PROPELLERS
a., Aux, pump starts and stops 4, Aux. pump runs continucusly
in reverse. wii's in reverse,
b. Pressure cutout switch used b. Time delay relay uaed for
for feathering, feathering. Set for 15 seconds,
¢. The #2 blade switch used for g¢. The #: »lade «vitch uszed
reverse and feathering. “or the ember ligh7rs o
d. Four dual purpose oircuit ¢, Tour alogas <lvGe.o Svsakers
breakers for reversse ard feather, for feather, iwo dual circu . break-
ers for reverse indicators =i %wo
dual oiroult breaker: Tor rev..se
control.
o. Test switch ars lights in o, MNoma svallable.
spare bulb locker,
f. No reverse indicator lights, f. Azber reversa indicator
lights.
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Chapter 1
ENGINE GENERAL

Number of Cylinidcrsa

Type

Displacement

Bore

Stroke

Compression lstic

Imreller Ratvic

Prcpeller Redlucstion

Take Off Rating, Dry 2800 RPM 60"
Take Off Rating, Wet 2800 RPM 62"

MP
MP

R-7

18

Radial, Two-Row, Aircccied
2804 Cubic Inches

5.75 Inches

6,00 Inches

6.75 to 1

Lowt 7.29 to 1 Hight ¢.58 = C

450 to 1
2200 BHP 222 BMEP
2500 BHP 253 BMEP

All directicnal raferences for this

engire are established lccking forward

from the accesscry
propeller end (froat:.

celtior Lo

R
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11
12
13
14
15
16
17
18
19

Crankshaft Center Main Bearing 20
Intake Valve and Spring 21
Rochker Arm 22
Pushrod 23
Intake Pipe 2
Piston Pin 25
Linkrod 26
Tappet 27
Cam 28
Supercharger Case 29
Fuel Feed Valve 30
Supercharger Clutch Selector Valve 31
Accessory Drive Gear 32
Starter Jaw 33
Main O;l Pressure Pump 34
Main O¢l Screen 3s
Main Oil Screen Cover Plug 16
Impeller Shaft 37
Supercharger Drain Valve 38

2322 2

Impeller

Lower Cam Reduction Gear

Muin Odl Sump

Rear Counterweight

Rocker Draim Oil Manifold Suciiom Line
Piston

Ignition Hamess

Front Qil Scavenge and Torque Boossier Pump
Torquemeter Piston

Reductjon Drive Pinion

Propeller Oil Transfer Tube

Propeller Shaft

Thrust Rearing Nut

Thrust Hearing

Propeller Governor Osl Transfer Tube
Reduction Drive Gear

Distributor

Magmeto

Front Counterweight

CUTAWAY VIEW Of ENGINE

Secticn =
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stalled on the rear face of the case,
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The mairn cil scrroen era o check velve
are located in the Lottem ol he case,
The blower ciutzh zolecteor wulve 1s
mounted on the top of the case. Other
accessories mounted ~n the rear case
are the fuel pump, generator, cil pump,
auxiliary drives, vecuum pump, starter
and tachometer generator.

Cowl rlaps

The adjustable slunminum-allcy cowl
fiaps for each engine are operated by
an electric moter mounted on the top of
the oil cocler fairing. The flzps are
adjustable through a range of -4 to4 22
degrees.

There are tw: ways of centroliling
the position of the electrically cper-
ated cowl flaps. The two methods are;

manual operaticn and remcte positioning.
Both methods use the same switches,
which are lcocated on the aft overheza
These fcur position toggle swit-

panel.

Section 5

ches have ~he follcwing positions:
OPEN, CLOSE and PCSITIONING.

OFF,

In the manual operation the switch
is placed elther in the OPEN or the
CLOSE position. The flaps move in the
direction selected until the maximum
travel point is reached.

In remcte positioning the switch s
moved to POSITIONING. As lcng as the
switch remuains in POSITIONING, the move-
ment of the desired cowl flaps is con-
trolled by a rheocstat contrel. These
4 rheostat contrcls are on the upper
instrument panel. The rheostats have a
CLOSE and an OPEN position. They &also
are calibrated in increments of 2 de-
grees from -2 to 46 degrees to obtain
intermediate cowl flap settings.

For ground operation, it is impera-
tive that the cowl flaps be open,
regardless of ocutside air temperature.
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Chapter 2

1UBRICATION SYSTEM

Genergl

The R-2800-52W engine has a full
pressure, dry sump oll system which
uses grade 1100 oil.

An independent oll system supplies
lubricating oil to each engine. 041 i3
supplied under pressure tc the engine
by the engine-driven oil pump. The oil
i{s returned by the engine-driven scav-
enge pump through an oil cooling system
to the supply tank. The =il from the
tank passes through an ems :ency shut-
off valve as it flows by gravity to the
engine, Temperature, quantity, and
pressure indicating systems, ags well as
an oil dilution system, are provided.
An auxiliery engine cil tank transfer
system provides additionsl oil for ex-
tended operation.

il lapks

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 fosm-
ing. The filler cap is acocessible
through an access door on the left side
of each ocarburetor airscoop fairing.
Two o0il tank vent lines connect from
the fittings on top of each oll tank to
the rear case vent connestions of the
engine.

01l Cooling System

The o0il cooling system consists ofs
(1) an airscoop (2§ an oll 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 assembly that
controls operation of the air exit door
actuator and (6) an inlet bypass valve,
which is mounted on the cooler to con-
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trol the flow of oil through it., The
cooling system controls the temperature
cf the oill for proper lubrication and
cooling of the internal working parts
of the engine.

Qi1 Quantity Indicators

The oil quantity is measured by a
Simmonds Pacitron gege tank unit lo-
cated in each oil tank and in the auz-
iliary oil tank. The oil quantity in-
dicators are located on the upper in-
strument panel, A stick gage is in-
stalled near the filler neck of each
oil tank.

04l Pressure indicators

The oil pressure is measured by a
transmitter connected to a restricted
fitting on the top of the rear acces-
sory section case. The pressure is
shown by two dual indicators on the
center section of the main instrument
panel, A meparate pressure warning
switeh 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 pansl,

01l Temperature Indicators-

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.

Qi Dilutiopn Systen

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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start, 1s anticipsi=i, An o.1 dilutiom
solenoid valve allows the fual to flow
from the main fuel supply line in each
nacelle to the main oil supply line at
the bottom of the oil tank. FEach sole-
nold is controlled ty an OFF-ON spring-
loaded switch on the aft cverhead panel.
The fuel tank booster pump must be on
LOW BOOST during the oil dilutlon oper-
ation to furnish fuel pressure as the
0il dilution fuel line is connected to
the inlet side of the engine-driven
fuel pump. For this reason, the fue.
pressure indication wilil not drop dur-
ing dilution. The propeller oll system
may be diluted by opsrating the propel-
lers from low to high pitch three
times, and into and cut of reverse at
least once during the uilution period.

. Q41 Emergency Shutoff Valve

An emsrgency shutoff valve is in-
stalled between the oil tank sump and
the oil outlet elbow fitting to which
the main oil supply plpe is connected.
It is operated by the corresponding
fire extinguisher selector handle lo-
cated below the glareshleld in the
f1light compartment.

Auxiliary 04l System

The regular oil system is supple-
mented by an auxiliary oil and transfer
system. The auxiliary oll tank is lo-
oated In the left wing fiilet and has
a oapacity of 26 gallons, The
oll transfer system consists of a com-
bination oil pump and motor, a tank
selector switgh, an electrically oper-
ated four-way selector valve, and a
spring-loaded pump actuating switch.

Section §

011 can be transferred from the
auxiliary tank to any one of the engine
oll tanks by positioning the auxiliary
0ll tank selector switch to the desired
engine tank and then operating the pump
switch. Release the pump awitch when
the desired amount of oll has been
transferred. After the oil has been
transferred, the auxiliary system oil
lines should be evacuated by reversing
the pump switch approximately one min-
ute,to avold the possibility of oll con-
gealing in the transfer lines.

The auxiliary oil tank sslector
switch and the auxiliary oil pump switch
are located on the aft ~wverhead panel.
The o1l quantity indicator for the
auxiliary oil transier system ie lo-
cated on the upper instrument panel.

Engline o1l tanks wmust not be filled
sbove the 150 pound oil level by use
of the oll tranafer system. It is de-
sirable that oil be transferred intc
the engine oil tank when the level falls
to 110 pounds.

The auxilliary oll tank is loocated
in the left wing fillet which 1s an un-
heated portion of the alrcraft. 1In
order to minimize the possibility of
oll congealing In the tank and transfer
lines, the auxiliary tank is filled
with a mixture of 50 percent oll, grade
1100 and 50 percent 100 o:tane gasoiine,
The o1l and fuel should be thoroughly
mixed before pouring them into the tank.
The tank level should be checked period-
ically in order to make certain that
excessive amcunts of fuel have not
evaporated
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What is the Torquemeter?

The torquemeter is an instrument

which indicates propeller shaft torque,

This 1s accomplished by hydraulically
balancing the force transmitted from
the propeller shaft to the fixed mem-
bers of the engine gear train. Since
the force on the fixed members is al-
weys equal to propeller tocrque, 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.

Muat is RMER?

Brake Mean Effective Pressure is
the actual amount of pressure in pounds
per square inch within the cylinder,
available for work obtained from the
ignition 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

ACCESSORY, INTERNAL BLOWER
AND FRICTION HORSEPOWER

ENGI

00

Section 5
pter 3

UEMETER

cylinder pressures, structural consid-
erations will dictate that operation
be confined below certain BMEP values,
or the atresses imposed may result in
engine failure. Since high oylinder
pressures will normally be aoccompanied
by high ocylinder 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 cutput.

Moy Meagure Propeller Shafi Torgue?

If the propeller shaft torque and
the engine speed are known, the horse-
povwer being supplied to the propeller
shaft can be readily determined,

Propeller shaft brake horsepower
(BHP) can be calculated from the basis
formulas

BHP = .BEM.%.EMEE

NE OR INDICATED
HORSEPOWER

PROPELLER
HORSEPOWER

44§iifzfg
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The fcrmuis components are:

RPM = Engine speed in revolutions
per minute.

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 Pressure
read cn th: =irplane instru-
ment

ure?

Engine or indicated horsepower (IHP)
is used to drive the propeller, inter-
nal blower, and varicus accessories and
to overcome all friction within the en-
gine and gear cases.

IHP is egsentially engine input
povwer and depends on the engine air
flow. Manifold pressure, carburetor air
temperature, RPM, and carburetor mixture
getting are required to define IHP, once
exhaust back pressure (altitude) effects
have been determined from flight test.
Thus, manifold pressure is an accur-iu
measure of one thing only: the pressure
in the intake manifold; however, when
ranifold pressure is used in conjunction
with other readings, it is an indication
of engine input. This, in turn, is re-
lated to useful engine output.

Jorquemeters?

The torquemeter is used to measurs
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 pressure is a valid in-
dication of engine output only when cor-

section £

rections «re made for cperating vari-
ables, such as humial.y, mixture, setc.,
and when the engine {s in proper me-
chanical condition. Trer example, sup-
pose fouling of the spark plugs causes
ons engine cylinder to malfunction.
Engine output power will drop even
though the manifold pressure is main-
tained by the pilot.

Then all Power Settings should be made
with t orquemeter?

Yes, but not witn the tc-juemeter
alone. The torguemeter suppletsnts
rather than replaces the munifoid pres-
sure gage. The proper interpretation
of the relative reacings of both instru-
ments increases the accuracy of power
adjustments and dependebility of engins
operation.

Aircraft performance is the result
of propeller shaft output which, in
turn, depends upon BMEP, Engine depend-
ability and durability depend upon the
power input conditicns of which manifold
pressure is a primary measure. An oper-
ator who relles entirely on propeller
shaft output, as measured by the torque-
meter, 1s ignoring the conditions unaer
which the engine 1s producing this pcwer.
Consider agaln the previous example of
fouled spark plugs.

If manifold precsure is ircreasea,
at a constant RPM to compensate for 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 input to cut-
put power relationship shoald never be
exceeded.

Proper operation with the tcrgue-
meter can thus be described as using
the manifold preassure gage to determine
power input and the torquemeter %o de-
termine power output. The operator
should be aware of the proper relation-
ship between the two and rucognize the
meaning of failure by the :=ngins to

-
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Jemorsirate this relstionship.

Torauemeter is to be sble to Monitor
Ecgine Conditlon by Comparing the BMEP
and MP Valueg shown by the Froper Chart?

Right, but the torquemeter alsc
uas several other important advantages.
v 18 very cazirable to measure take-
o f puver just before take~off. The
irabill ty of a power plant to develop
carone T cuke-of D power and BMEP should
woaam s e 2arcacted befors Lhe take-
oil V. atvoeaved.  The torqueneter al-
gc pays ¢ sidends when used for long
car~e crulse contre’,

vo maximum crulse ec cumy, mix-
i ewitings me e precine than those
roviter nycthe auto deun guadrant de-
eri aoe cagulred. Mancsl leaning
procedures have been established and
ers outiined in the appropriate air-
craft f1ight handbooks. These proce~
«ures a1l depend on relative torque-
moter readings and other allled in-
siuruments to determire the amount of
s.¥tare leaning required to provide
beat economy operaticn.

In addition to these flight ap-
o tcations, the asgistunce of the
werquemeter in euarly detection of mal-
fuetions is of great value. As pre-
v_ously stated, the flight crew mem-
~urg snould constantly be aware of the
~oper reletlonship between input and
ciutput power as a general measure of
power plant condition.

Severel malfunctions, such as burned
velves, fouled plugs, shorted ignition
harness, bearing failures, and power
section mechanical failure will be de~
tected by a drop in EMEP at constant
manifold pressure and RPM settings. The
overators should be constantly alert for
indications of spark plug fouling during

long runge cruise as indicated by a grad-

ual drop in pressure on the BMEFP gage.

In fact, proper interpretation of torque-
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neter readings may be a more accurate
indication of ignition difficulties
than the conventional magneto check
procedure. Detailed information is
available in Chapter 7, under Engine
Analyzer pattern interpretation,

Observation of the oseillating
perlod of the BMEP gage hand will per-
mit an operator to detect engine rough-
ness or irregular operation at an early
stage. This is only true, however,
where the torquemeter zage system is
relatively undamped and is free %o re-
spond to small pressure surges,

The Torquemeter geems to be ¢ yery uge-
ful Ingtrument

It is. However, complete reliance
on the torquemeter for the control of
engine power cen also lead to abuse of
the engine. It is important that
crews do not form the hablt of ignor-
ing manifold pressure readings. The
following are the most critical abuses
resulting from sole rellance on 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 carburetor
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 mechanism lo~-
cated in the engine ncse section does not
accurately measure engine power, partiou-
larly in the higher power output ranges.
In such a case, however, the torquemeter
in question is generally useful &s an ald
to cruise control and as an indicator
which will detect a change in engine con-
dition.



-118

Oae cther aspec: of the torgue-
meter requires consideration. Its
acouracy can be no better than that of
the gage system, Proper calibration
and maintenance of that system, as dic-
tated by experience, is necessary.

Then Proper Alrcraft Maintepance and
Qperatlon should include the Torque-
meter?

Maintaining all alrcraft engine
instrument reliability and accuracy is
very important. A reliable torquemeter
provides the ability tos

1. Read propeller shaft output power

directly.

Ascertain take-off brake ncrse-
power output on &ll englnes,

Check for equal brake horsspower
output on all engines,

Improve range by using manual lean-
ing procedures.

Judge englne performunce and con-
ditions.

Detect or identify many ¢..rational
malfunctions of %ib: engins,

TORQUEMETER (BMEP) TRANSMITTER

5-13
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Chapter 4

ENGINE SUPERCHARGER

Each engine incorporates a single
stage, two-speed supercharger. Four
two-position switches are mounted on
the upper instrument panel for shifting
the superchargers from Low Blower to
High Blower. Movement of the switch
energlzes the 28 volt DC solenoid op-
erated supercharger clutch selector
velve which results in operation of the
ciutch., It must be remembered that
this valve does not meter oil but is
simply a directional mechanism, The
gapercharger clutch selector valve
routes engine oil under pr-ssure to the
low or high blower clutch.

The driwing of the single impeller
a7 either low or high speed mzkes pos-
gible nigh performance both at sea
level and at higher zltitudes. At or
near sea level, the engine is operated
in the low blower clutch ratio, thus
keeplng to & minimum the temperature
rise through the supercharger. At an
altitude determined by the conditions
under which the engine is operating, the
sapercharger clutch shift is made from
tae low to the high clutch ratio. The
iacreased airflow and higher manifold
p-ressure available in high ratio makes
possible high performance at high alti-
tudes.

IEngine Groupnd Operation

All ground operation of the engine
such ag starting, warm-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.,

Su [ lect al and W
Clutch Check

The supercharger selector valve
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and blower clutch check are part of the
pre-flight ground test, to make certain
that the selector valve is supplying oil
to both clutches and the clutches are
engaging properly. These checks are
performed as follows:

i. Werm up the engine until the oil
temperature is 40¢C or higher,

2. With the propeller governor set in
the high rpm position, <pen the
throttle until the engine manifold
pressure is equivelent to field
barometric pressure, the tachometer
should now indicate from 2070 to
2170 RPM. With the oil temperature
at 409C and the RPM as indicated,
sufficient oil pressure to operate
the blower clutches is insured.

3. Move the supercharger control
switch from "LOW" to "HIGH" position.

4. Observe for changes in engine oil
pressure, manifold pressure, engine
RPM and BMEP. Prcper selector va. -
and clutch operation when shifting
from "LOW! "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 awitch
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
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from "HIGH® 1o "LOW! poeition is indi-
cated byi

(a)

(b) A elight drop in manifold pres-
sure, (2 inches) as the centri-

fugal pumping capacity of the
impeller is decreased,

A momentary increase in BMEP,

~Gp s
Ula

Take-offs, should be made in the
low blower ratio, whether operating
with or without water iilection. The
use of the high blower ratic at or
near sea level will reduce the horse-
power available to the propeller shafi,
because of the powe: absorbed by the
impeller, It will increase the ten-
dency of detonation, because of the
temperature rise through the super-
charger.

Climb

Technical Order 1C-118A-1 lists
the following instructions for shift-
ing from Low to Hich Blower.

When the critical altitude for Low
Blower has been reached, reduce mani-
fold pressure to approximately 25 inches.

Secticn 5
Crulsing

The blower ratio for cruising is
selected with reference to altitude
and to the type of operation (i.e.
percentage of power) desired., For
maximum fuel econamy it is generally
desirable to operate in the low blower
ratio wherever possible., In general,
a half-closed throttle in the high ra-
tio Indicatea the desiralbiilty of
shifting to the low ratic.

Degoenk

During descent fram irigh altitudes,
the supercharger should be shifted to
"LOW" position when convenient., If
the need for maximum performsnce lsg
anticipated before descending to the
range of low ratio operation, the shift
fram "HIGH" to "LOW" sghould not be made
until the shift altitude for maximum
permissible BHP in the low ratlo has
been reached.

Carburetor Alr Tempergture Limita

Because the heat rise imparted to
the fuel air charge by the supercharger
i3 greater in the high blower ratio
the carburetor air temperature (CATS
1imits are lower for the high blower
operation., The operator must be care-
ful to observe CAT limits to prevent
detonation.

low Blower Max CAT 389
High Blower(Above 1200BHP)Max CAT 150G
High Blower(Below 1200BHP)Max CAT 30°C

\n
t
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Chapter 5

CARBURETION

Theory of Carburetion

Cylinder head temperatures 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 camposed
of too much air and too iittle fuel the
resulting temperature and power will be
at a minimym, At the other extreme of
too much fuel and not enough air the
same results will ocour. A specifie
fuel/air ratio somewhere between these
extremes wlll 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 inoreases
or decreases with change of mixture
strength depends upon whether or not
operation is moved toward or away from
this peek,

It 1s well to examine the power
and temperature variation separately
as thelr peaks occur at somewhat dif-
ferent mixture strengths.

Pover

If mixture strength is varied and
all other factors affecting alrflow
are held constant (RPM, manifold pres-
sure, carburetor alr temperature, su-
percharging) the resulting effect upon
power can be plotted as shown in Figure
1 . ’
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Somewhere above .040 the first
flicker of power begins to show and
inoreases ateadily until at .080 the
peak 1s reached. As enriching is ocon-
tinued beyond ,080, the power starts
to decrease until at ,125 combustion is
too weak to furnish a useful output,
Above .180 the mixture will not burn,

100%

Power

MIXT

_BEST POWER
URE

d

L

.050 ,065 .080 .095 .110 .125
F/A Ratio

Figure 1

Transferring attention to a typloal
oarburetor setting, it can be seen how
variations in the mixture affect per-
formance., If the engine is operated at
an airflow corresponding to position #1,
Figure 1, and the mixture is changed from
auto rich to auto lean; the operation is
now brought closer to best power and the
output is inoreased. However, if the
airflow is at position #2, Figure 1, and
the mixture is changed from auto rich
to auto lean; we find that the operation
1s moved away from best power and the



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 eltminated on this aircraft by in-
Jecting the fuel s¢ the impeller,
Throttle ice is gencrally formed during
part throttle operarion when molsture
freezes as a result of the temperature
drop caused by the expansion of air a-
round the throttle -.ive. The best
way to prevent throttle icing is to
avoid a carburetor air temperature of
- 10°C to + 15°C. A carburetor al-
cohol deicing system provides a 17
minute supply of fluid to the four (4)
carburetors, providing alcohol i{s 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
fcing, This form of icing may occur
when moisture 18 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 the 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

Section &

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 flowmeter and BMEP to
detect return to norm:. operation
as severe leaaing will result {f
mixture control {8 not recurned to
auto lean as reco--'ry i3 made,

Antidetonation Injection (ADI)

A water/aicohol 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 tanks.
The supply is adequate for approxi-
mately five (5) minutes operation at
takeoff power

The ADI ocontrol swiiches are lo-
ocated on the aft overhead electrical
panel. Two (2) dusl water/alochol
quantity indloators are located on the
-upper inatrument panel. These quantity
indicators show the available water/
aloohol supply in gallons,

The two (2) dual water pressure
indicators are on the engine insiru-
ment panel, They indioste the pres-
sure at the water/alcchol regulator,

There are four (4) red water pres-
sure indicating lights on the pilot's
flight instrument panel., The lights
oome ON when the water/alachol pros-
sure at the inlet side of the regulator
drops below 18% .5 PSI,
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ENGINE IGNITION SYSTEM

Each engine has & Low Tension igni-
“ion system, The system magneto is
driven by the engine toc create an elec~-
trical current, which 1ls used to fire
the spark plugs. Each ignition system
consists of a magneto, two distributors
an lgnition harness, eighteen dual
t-raasformers and an ignition switch.
Tae oune induction vibrator is used by
&11 of the igniticn systems during
starting.

The magneto creates a low voltage,
which causes a current flow through the
distributors to the transfoirmer units.
The transformers step up the voltage to
provide the high voltage needed by the
sourk plugs, The low volitage through-
out nost of the system reduces the pos-
sibility of flashover.

DLN-1C Magpneto

The dual magneto for each engine is
aounted on the front accessory case.
The magreto 1s driven by the engine, in
a counterclockwlse direction, at one
and one-elghth crankshaft speed. Each
asgneto contains 2 four-pole rotating
magnets, four primary colls and two sets
=f double pole shoes. The magnets are
~ctated by the engine to induce & cur-
ront within the coils.

Digtributorg

The two distributors are mounted on
vhe front accessory case of each englne.
tach distributor contains an engine -~
criven shaft incorporating 2 nine-lobe
cams, plus two sets of breaker points
trd two condengerg, The number 1 cam
{upper) operates the number 1 breaker
noints, which control the firing of the
rear (odd) row cylinder spark plugs.

;am number 2 (lower) operates the number
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2 breaker points, firing the front
(even) row cylinder spark plugs. The
condenscrs prevent arcing and burning
of the breaker points,

In the base of each distributor are
2 rings of contact blocks. Carbon
brushes pass over these blocks in mak-
ing the proper distribution of current
to the cylinders.

The designations R-1, R-2, L-1 awd
L-2 make it possible to identify the
spark plugs each circuit will fire.
For example: R-1 will fire the FRONT
spark plugs in the ODD row, while 1-1.
will fire the REAR spark plugs in the
0DD row,

Dual Trangformer Unitgs

The 18 dusal transformer units are
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 1s stepped up
until 1t is strong enough to fire the
spark plugs.

lgnition-Switches

The four ignition switches, one for
each engine, are mounted on the forward
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cverhead panel. These switches have
the following poeitions: OFF, R, L,
and BOTH. If the switch is placed to
"OFF" both magneto primary circuits are
grounded and neithar the front nor the
rear spark plugs will fire. Moving the
switch to "R" will ground the left hand
magneto circults, but the right hand
magneto will fire the FRONT gpark plugs
in the cylinders.

Shifting to the "L" position will
ground the right hand magneto circuits,
ellowing the left hand magneto circuits
to fire the REAR spark plugs in the
cylinders. Movement to "BOTH" allows
both magnetos to become operative, and
the FRONT and REAR spark plugs in all
cylinders will fire.

Induction Vibrator

The Induction vibrator 1s installed
behina the forward overhead 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,
Boost switch 1s used in conjunetion
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 "OFF"
whenever it is released.

The

Section 8

erat 1 C -

This check 1s mace during engine
runup, when the engine manifold pres~
sure is equal to field barometric pres-
sure,

The procedure is as follows:

1. Move the Ignition switch from
"BOTH" to "R".

Observe the FP4 and BMEP drop.

2. Return the Ignitlcen switch to
"BOTH",

3. Next move the Ignition : iitch

tO llLll R

Observe the KPM and 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 stabllize. Single
ignition operation as long as one
minute 1s not considered exceasive,
Tap the tachometer indicator rim to
eliminate possible indlicator pointer
sticking.

The normal RPM drop is %0 to /5 RPM.
The maximum RPM differcnce el . owed be-
tween the left and right magnetos is
40 RPM, The maximum RPM drop is 100
RPM. The normal BMEP drop is 6 PSI.,
while the maximum BMEP drop is 12 PSI,

5-27
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Chapter 7

ENGINE ANALYZER

Introduction

The analyzer 1s a versatile unit,
which can be used on the ground or
in flight., It 1s limited in its use~-
fulness only by the operator's abllity
to analyze patterns. One does not have
to be an electronies expert to operate
the analyzer. Anyone following a
simple checking procedure can pin-
point the trouble to a specific sgpark
plug, ignitlon lead etc,

Sample analyzer patterns are pro-
vided for comparison against actual
scope patterns. These sample pat-
terns define the 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: "Num-
ber one engine ran rough at 10,000
feet", In this case the maintenance
man must trouble shoot, system by system
and unit by unit, until the cause is
found. However, if the pllot uses the
analyzer, the wrlte-up would be specific
as: "Number one engine has the following
shorted spark plugs, front #3, rear #7
and front #2. Now the ground orew have
a known trouble, and can clear it up in
a short pericd. Turthermore the flight
crew can report troubles detected by
the analyzer at high altitude, which
may not occur during ground operation.

Engine Apalyzer Power Switch

The engine analyzer is controlled
by an OFF-ON toggle switch on the englne
analyzer panel. The engine analyzer
panel is located to the right of the
flight mechanic's jump seat.
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Turning "ON" the power switch
sends 115 volt, single phuse AC power
to the engine analyzer amplifier. The
power comes from the RADIOC-ELEC in-
verter through a fuse in the right
hand annex of the Main Junction Box.

Engine Apalyzer Amplifier

The engine analyzer amplifier 1is
located at station 69 next to the
analyzer panel, It contains the cir-
cuita for triggering, amplifying and
controlling the indication. The ampli-~
fler also acts as a power source for
the indicator.

The emplifier has several controls
to be used in obtalning better patterns.
Turning the INTENSITY screw controls

the brillance of the pattern, The
FOCUS 4s used ' to
obtain a "sharp" pattern. The HOR POS

adjustment is used to start ths lead-
ing edge of the trace line at

from the left hand side of the indi-
cator, To set the horizontal sweep
length to the desired

length, use the control marked LENGTH.

. When
using the vibration pattern, the VIB
GAIN control can be used to obtaln the
size of pattern desired.

Engine Analyzer Reslgtors

The box containing the resistors 1s
in the celling at station 69, These
3000 ohm resistors are used to lsolate
the engine analyzer from the englnes.
Thus an electrical malfunction in the
analyszer will not cause a malfunction
of the engine ignition system.
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Engine Apalvzer Geperatorg

Each engine has an engine analyzer
synchronizer generator mounted on the
right side of engine accessory section,
The generator 1s driven by an engine
tachometer drive, and provides the ref-
erence voltage for the system,

Engine 1 Pic

Euch engine has a vibration pickup
rointed on number 5 cylinder. The vib-
ratlon pickup converts the mechanical
vitrations into electrical signals.,

Condition Selector Switch

The Condition Selector Switch is
nounted on the engine analy:er panel,
This switch is used to select the engine
und magneto to be checked. This switch
is algo 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 1s
used to select the individual spark
plug and the desired portion of the en-
gine cycls,

The push button at the center of the
Cycle Switch selector knob may be pulled
OUT or left IN, 1If the button is pulled
OUT, the analyzer will show simultaneous
iy all the patterns for ull of the spark
rlugs 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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Seotion 5

ne lyger indicat

The indicator 1s mounted on the
engine analyzer panel, It presents
its data in the form of patterns or
voltage waveforms on the soreen of a
3 inch cathode ray tube.

ignition Analygig
The correct procedure is as follows:

1. Turn the engine analyzer power
switch "ON",

2. Wait 1 minute for the analyzer
amplifier and the indicator tube tc

W4T up.

3. Place the Condition Selector Switch
index line at "B" 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 serles.

5. Next pull the button on the Cyc™
Switch knob "OUT", This obtains a
slow sweep" 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 analyzer
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 cylirders.
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 "IN" the button on the oycle
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Switch for "fast sweep" operation., In
this position a carsful check of the
pattern can be made to pin-point the
trouble,

9. The above ateps should be repeated
with the Condition Selector Switch be-
ing ¢*oved to the "L" and "R" 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 "B", "L" and "3"
have been completed, move to the next
engine and repeat the above process.

Distributor Synchronization Check

" This check 1s made to determine
that both distributors simultaneously
fire the two spark plugs in a cylinder.
The distributors are timed to #1 cylin-
der, therefore this check should always
be made on #1 cylinder.

The check is made as follows:
1. Engine analyzer power switch "WON",

2. Wait 1 minute for the amplifier and
indicator tube to warm-up.

3, On the Condition Selector Switch
set the index line under "B" in the
ignition sector of the engine to be
checked .,

4., The Cycle Switch button should be
pushed "IN" for "fast sweep".

5. Next the Cycle Switch knob should be
moved to align the IGN index line with
#1 cylinder.

6., The ignition patterns of the left

end right distributors are now super-
imposed. If the distributors are synch-
ronized, the patterns will coincide and
appear as one, On the other hand, 1f the

Section 5

distributors are out of synchronization,
the patterns overlap, The pattern ap-
pearing to the left 1s 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 "pip" appears,

the amount of synchronization error

can be determined. This is accomplished
by figuring 1/32z of an inch equals one
aegree of crankshaft trevel., The normal
distance between these pcints is 15/32
of an inch.

8. Repeat the above procedure on each
of the remaining engines,

Note

To determine which cne of the dis-
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 "INM,

2. Set the Ccndition Selector Switch
elther to "L" or "R" for the engine
being checked: (Example: L). If &
small magnitude activity is observed on
the pattern ahead of bresker point open-
ing "pip", the opposite distributor (Ex-
amples R) is out of synchrorization.

The activity is caused by "inductive
pickup" as the opposite (R) distributor
opens early.

3. Now move the Condition Selector
Switch to the opposite position. That
1s to "R" if "L" wa3 usea firsi or to
WLe {f "R" was used first. The activivy
should now disappear. This wiil confirm
the fact that it is this distributcer
that is out of syrcnronization,

4. Repeat the process ¢t any engine,
where the analyzer shows thut the alstri-
butors are out of synchronizaticnm,
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RPM Synchronization Anslysig

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:

1. Cycle Switch at 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 number of the engine
to be checked.

3. Check the pattern on the indi-
cator., It should be staticnary, indi-
cuting 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 remaining SYN positions and
checking the pattern as described above.

Synchronization Timing Check

Synchronization generator timing
should be checked once during each
flight. The procedure is as follows:

1. Set the Condition Selector Switch

to VIB tor the desired engine.

Section 5

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 atart of the trace line,
This indicates the synchronizing gen-
erator is properly timed to the crank-
shaft, and that during ignition analy-
sis the correct cylinder pattern order
will oceur.

Yibration Anslysis

For engine vibration anuzlysis, the
engine analyzer is operiated as follows:

1. On the Condition Selector Switck
ulign the index line within the VIB
sector to the number of the engine to
be checked.

2. The Cycle Switch button shoufld
be pulled "OUT",

3. Next move the Cycle Switch to
slign the E.C. position at the number
5 eylinder.

4. Check the indicator for a com-
plete vibration pattern,

5. For an expanded vibration pat-
tern, push "IN" the button on the Cycle
Switeh for "fast sweep'". Then index

the Cycle Switch dinl to the desired
portion of the engine ecycle to be in-
spected.
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STUDY GUIDE SUPPLEMENT
1951 SERIES AIRCRAFT

VERSUS
1953 SERIES AIRCRAFT

1. ENGINE AND ACCESSORIES 1

No difference. No difference.
2. ENGINE ANALXZER 2. ENGINE ANALIZER

Analyzer equipment located on Analyser equipmant losated on
the left side of the airoraft on the right aside of 2:r:rs?t ot the
the radio raok. navigator's station.
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HYDRAULIC SYSTEM GENERAL

Hydraulic units which operate on
main system pressure arej the landing
gear, wing flaps, nose wheel steering,
brakes and windshield wipers, All of
the above units 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-
lona. Of the total fluid capacity,
2.9 gallons are available to the two
engine-driven hydraulic pumps, A
supply of 2,5 gallons is reserved in
the reservoir for the auxiliary (emer-
gency) pump, A foaming space is pro-
vided above the filler neck. A paper
disc-type filter is located in the

bottom of the reservoir, It filters the
hydraulic fluid as it returns from the
system, The filter is retained by a
spring, which allows the returning tfluid
to by-pass the filter (at 3 psi), if it
becomes clogged,

Fluid level in the reservoir 1s in-
dicated by a sight gauge on the side of
the reservoir and a remote quantity in-
dicator on the upper instrument nanel,
This indicator is actuated by a liguid-
ometer float-type transmitter {n the
reservolr, It is callbrated RLFILL,
NORMAL FLIGHT, and FULL-ZERO PRESSURL.
With the engines operating, the fluld
level should indicate NORMAL FLICUT,

A relief valve on the hydraullc 1user-
voir maintains an air pressure ol 8 psi
to supply fluid to the enpine-driven
pumps,
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An emergency shutoff valve is in- Pressure 1s supplied to the hydruu-
stulled in the supply line of each of lic system by two engine-driven pumps,
the engine-driven hydraulic pumps. one mounted on the accessory cuse of
These shutoff valves are located in each inboard engine, Fach pump bas a
each inboard nacelle aft of the fire- normal output of six galions per minute
wall. The valves are operated by at, 2800 rpm. Failure of an engine-
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delae Dugpener

A nolse dampener similar in aon-
utruction to a presaure acaumulator lis
: nounted on the firewall to dampen the
Mydraulic Fluid Emergancy Shvtoff inpuat of tho hydraullc pump pulsu-

VO'" ' ‘H.Ohl-
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ENGINE-DRIVEN
HYDRAULIC pUMP

Che a

One way check valves are installed

in the pressure lines between the en-

gine pumps and the manifold to prevent
reverse flow of fluid into the pumps.

Hydraulic Sysiem Bypass Valve

A slide-type, minually operated
btypass valve permits the hydraulic
fluid to be bypissed directly from the

6-4

Section 6

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 bypass 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

fuilure, since continucus flow through

the system relief wvalve will result in
excessive heating of the fluid (indi-
cated by excessive pressure on the
gauge) endangering the operation of the
engine-~driven pumps and other units of
the hydraulic system. Place the hy-
draulic system bypass control in the
OFF position whenever operation of hy-
draulically operated units is not de-
sired. However, during take-offs,
landings, or ground operation, the by-
pass control must be in the ON posi-
tion. The bypass valve does not re-
quire positioning for cperation of the
auxiliary pump. The valve is installed
on the hydraulic power manifold in the
fuseluge uccecssories compurtment,

Pressure Regulator

A pressure regulator maintains
pressure in the system between 2650 PSI
and 3100 PSI, bhypassing hydraulic fluid
from the pumps to the reservoir when
the system prassure exceeds 3100 PSI.
The pressure regulator is installed
on the hydraulic power manifold in the
fuselage accessories compartment, When-
ever the pressure builds up in the sys-
tem, the regulator is said to be "clo-
sed." After the pressure reaches 3100
PSI, the regulator "opens." This causes
pump output to go directly to the res-
ervoir rather than to charge the system.
The pressure will now cither remain at
3100 PSI or drop slowly due to internal
leakage. When the pressure drops to
2650 PSI, the regulator will close and





