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CONVAIR MODEL. 3>.

OPERATION MANUAL

INTRODUCTTON

Sections 1 through 4 comprise the Airplane Flight Manual for
the Convair 990, Model 3¢, Turbojet transport,

Sections 5 through 20, the Operational Manual for the Convair
990, Model 30, have been prepared as a reference guide to be
used by the flight crew of the airplane. The Operation Manual
is not intended to give detailed coverage for each airplane or
each system but does contain sufficient information to explain
the function and operation of the eguipment. More detailed in-
formation regerding the airplene components and systems is
gvailable from the various repair and maintensnce manuals.

In &ll cases of variation between the first four sections of

the Flight Manual and the sections comprising the Operation
Manual, the FAA Approved Airplane Flight Manual shall govern.
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Section 5

CRUISE PERFORMANCE DATA

THIS SECTION IS PROVIDED FOR CUSTOMER
CONVENIENCE, NO DATA TO BE INSERTED IN

THTS SECTION BY CONVAIR.
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GENERAL DESCRIPTION

The Convair 990 turbojet transport airplane is a high-speed, medium range, low
swept wing jet transport. The airplane is of all metal construction with full
cantilever wing and tail surfaces, a pressurized and alir conditicned seml-mono-
coque soundproofed fuselage, four wing-pylon mounted General Electric CJ 805-23
aft Tan turbojet engines snd a fully retractable tricycle-type landing gear.
The engines are equipped with thrust reversing mechanisms., Dimensions are
{llustrated in Figure 6-1 and the general arrangement in Figure 6-2.

Crew Members

The flight crew consists of pilot, copilot, flight engineer and per various
configurations either radio Qperator/ navigator or additional crew member and
observer. The airplane carries up to four cabin Attendants.

Passengers

The airplane seats as many as 113 passengers, depending on the configuration of
the cabin area. The seating arrangement, lounge or club areas and the closet
space varies with the standard, coach and mixed configurations according to
cperator requirementa.

Windows

A1l flight compartment windows are laminated of Polyvinyl Butyral plastic and
tempered plate glass, Only the three main windshields are electrically anti-
iced; however, all flight comparbments are electrically anti-fogged. The anti-
fogging function also improves the "bird impact” integrity of the flight conm-
partment windows., Each passenger cabin window incorporates an inner and an
outer window for increased blowout protection.

Doocrs

Two main entrance doors are provided on the left side of the fuselage and two
service doors on the right side., The doors are wedge shaped and of the plug
type construction. Rotation of either the inside or outside door handle to the
open position slides the doors upward and out of the retainer tracks so that
they open out and fold against the fuselage for maximum access. Other access
doors are located throughout the airplane to provide ease of maintenance of the
various systems and components. Door-open warning lights are located on the
Flight Engineer's panel. The access doors are shown in Figure 6-3.

Upholstery and Trim

The interior is designed for beauty, comfort and ease of maintenance. The
materials and fabrics used in the cabin interior will mot readily stain and can
be easily cleaned with soap and water, Fire resistant material has been used
throughout the airplane.

Det. 23/61
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Draiasge System

A posiilve draining system iz included to drain all areas where waber or nois-
ture might ecollsct and also in lines carrying flammeble fluids. Drained fluids
cannot re-enter the airplsae, tailpipe, heating, anti-icing and ventilating
ducts, or any other potential fire sources.

Nacelles and Pylons

The four General Electric aft fan turbojet engines are enclosed in wods
attached to the lower surface of the wing by means of pylons. The pylons are
of aluminum alloy construchtion with steel fithings at the wing and pod attach-
ing points. The pods are consbtructed of aluminum alloy, steel, and titanium,
depending on the fire potentials in each pod area. Cowl deoors provide full
accessibility to the engines during maintenance.

Afir Conditioning and Pressurization

The air conditioning and pressurization system is designed to supply all occu-
pied compartments with an airflow of 120 pounds per minute at an airplane alti-
tude of 41,000 feet. Circulating air, either heated or cooled, is supplied as
reguired by the temperature control system. The air conditioning system 1=
composed of two indepandent systems, either of which can furnish adequate air
conditioning and pressurization for both the passenger cabin and flight com-
partment. Heating and cooling of the baggage compartments and the electrical
and electronic equipment is also accomplished by the air conditioning system.
The pressurization system can maintain a sea level cabin altitude up to an air-
plane altizude of 21,300 feet, and an 8300 foot cabin altitude up to an air-
plane altitude of 41,000 feet. The maximim normal cabin differsntisl operation
pressure is 8.3 psi. Integral warning systems are provided teo indicate any
gysten malfunctions.

Automatic Flight Control

An sutomatic flight control system is provided consisting of an sutomatic pilot
and flight instrumentation. The system also provides automatic guidance under
iocalizer, glide path, and omirange radio control. System instruments, dis-
plays and controls are integrated for ease of conbrol and simplicity.

Tlight Instrumsnts

A Kellsmen integrated flight instrument system (KIFIS) incorporates integral
seale arror correctors in the instruments and compensates for errors due to
static pressure variations. Individual systems are provided for the pilot and
copilet.

Electrical Power Supply

The electrical power supply system provides adequabe POWED for the cperation of
a1l electrical and electronic circuits with a built-In power reserve. Alter-

nating current is supplied by four engine-mounted ac generators driven by con-
stant speed drives. Four transformer-rectifier units supply normal 28-volt dc

Oct. 23/61
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power to all de buses when the ac system is energized. A single aircraft type
battery supplies emergency de powsr to the emergency bus when required. The
battery remains on a floating charge when not in use.

Flight Controls

The Tlight control systems may be considered, basically, as a primary and a
secondary group. The primery group includes the power rudder, allerons, ele-
vators and spoilers; the secondary group is composed of the trim tabs for the
rudder and allerous, the horizontal stabilizer trim system, the leading sdge
slats, Kreuger flaps, trailing edge flaps and the speed brakes. The elevators
and ailerons are asrodynamically operated by flight tabs that are positioned by
the use of the control column and control wheel. The rudder is hydraulically
operated.

The spoilers serve a dusl funciion, working in conjunction with the ailercns
and also as speed brakes. The inboard and cutboard spoilers can be split by
the fiight crew to provide either a “"pitch-up” or a "pitch-down" reaction, as
required for emergency longitudinal trim. The horizontal stabllizer is built
25 a single unit and ic adjustable for longitudinal trim. Hydraulic gust damp-
eners are provided on the asilerons and elevators; a gust lock is provided on
the rudder.

Fuel Systen

Five individual fuel tanks in the Convair 990 hold approximately 15,628 U.S.
gallone. ¥Four of these tanks are integrated Into the wing structure and con-
gist of & main taenk, & replenishment tank and an anti-shock-body (ASB) tank.
The Fifth tank is composed of five fuel tight compartments in the wing center
section. Normal operation is main wing tank to engine, however, by cross-
feeding, any main wing teank or center section tank may be used to supply fuel
to sny or all engines. The fuel from the ASB tanks is transferred by electric
punps into the main tenks, and from the main tanks to the engine. The engine
fuel control system regulates the amount of fuel in relstion to the desired
RPM, compressor inlet air pressure and temperature, and acceleration and decel-
eration rate. The normal refueling procedure utilizes underwing pressure re-
fueling adaphers. Autometic selectlon of any quantities up to full tanks,
exclusive of the minimum allowable expansion space, is aveilable. Fuel service
openings installed in the replenishment tanks, snd accessible from the wing
upper surfaces, allow alternate gravity flow refueling. The auxiliary center
section tank and the ASB tanks have similar service openings. Drip sticks are
provided for ground checking of the fuel quantity on board. A fuel jettison
system is provided. Scavenige systems allow complete removal of all fuel in the
inhoard and center sectlcon tanks,

Hydraulic Power Supply

The main hydraulic power supply system is divided iInto two independent power
supply subsystems with a minimum of interconnecticn. Each is a 3000 psi,
closed center, continuously operating system. Each system cénsists of two
variable displacement engine-driven pumps, a reservoir, accumilators and var-
ious other components. The two systems are interconnected at the reservoirs
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to permit single point servicing, however, one system cannot deplete the other
helow the refill level. OCOround service connections for both systems are located
in the hydraulics compartment.

Adverse Weather Protection

The anti-icing and de-icing systems utilize bleed alr and electrical current for
their operation. Bleed air flow provides heat for wing anti-icing {including
lesding edge slats), engine inlet duct lip, nose cone, inlet guide vanes, and
aft fan front frame and outlet guide vanes anti-icing. Pressure is also sup-
piied for windehield rain clearing. The horizontal and vertical stabilizer
leading edges are de-iced end the windshields anti-lced and anti-fogged by
electrical current. The windshields are constructed cf laminated glass with
conductive layers for electrical current. Operation of the adverse weather
systems Iis manual.

Flight Crew Instruments

Instruments have been arrsanged on a 'need" basis for each of the crew members
(see Figure 6-4). The pilot and copilot are provided with duplicate flight
instruments and varicus other instruments to suit their particular require-
ments. Engine instruments are grouped on & center panel and are resdily vis-
ible to either pilot. EBach pilot has access to the overhead switch panel and
individual conscle panels which contain various instruments and controls. The
control panel for the flight engineer is divided into sub panels, each of which
includes all the instruments and contrels for a particular airframe system.
Tnstruments and controls on all panels are so arranged that they can be removed
or replaced without disturbing or disconnecting adjacent units.

Landing Gear

The tricyele type landing gear is fully retractable and consists of a steer-
able, dual-wheel nose gear and two main gears with tandem-mounted dual wheels,
The main gears retract inboard into the fuselage at the wing junction point and
the nose gear retracts forward into the nose wheel well. Each gear has an in-
tegral self-adjusting brake and aunti-skid system. Other features incorporated
in the landing gear system include shimmy dampening, attitude positioners,
brake egualizers and tubeless tires. Visual inspection of all landing gear
locking mechanism in flight 1s provided.

Oxygen System

The oxygen system is a high pressure, gaseous type system. Oxygen is gupplied
from light weight steel cylinders, each having a capacity of 10T cubic feet at
a pressure of 1800 psig. The airplane ig also equipped with portable oxyvgen
cylinders to augment the main system. The flight crew is supplied by a di-
luter-demend system, while the passengers and cabin attendants are supplied by
s continuous-flow system. Release of oxygen masks and oxygen flow to the pas-
senger compartments is automatic with msnual over-ride provisions.
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1. FLIGHT ENGINEER'S CONTROL PANEL
* %2 NAVIGATOR/RADIO OPERATOR'S
INAVRO] PANEL

7 {710/ FUGHT COMPARTMENT LOOKING AFT

1. FLIGHT ENGINEER'S CONTROL PANEL
% 2. SECOND OFFICER'S PANEL
% 3. OBSERVER'S CONSOLE

EFFECTIVITY |
APPLICABLE TO AIRPLANES
% | CV1 THROUGH CV25

% % | CV26 AND ON

. PILOT'S INSTRUMENT PANEL

. PILOTS" CENTER INSTRUMENT PANEL

. COPILOT'S INSTRUMENT PANEL

. PILOTS' FORWARD PEDESTAL PANEL

. PILOTS' PEDESTAL PANEL

. PILOT'S AUXILIARY INSTRUMENT AND CONSOLE PANELS

. COPILOT'S AUXILIARY INSTRUMENT AND CONSOLE PANELS
. PILOTS' OVERHEAD SWITCH PANEL

NV AWK -

00230087

Flight Compartment Instrument Panels Oct. 23/61
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High pressure air is uwtilized In the landing gear system to provide an emer-
gency brake system. The Ho. 2 hydraulic power system accumilator located in
the hydraulic compartment serves as an air supply for emergency opening of the

main gear doors.

Water and Waste Bystems

4 fresh water system is provided for use in the buffet and lavatory areas.
Water for the system is supplied from a water tank lcecated below the cabin
Pioor. Suwmp tanks for water waste are located in the lavatory compertments,
and draining and fi1lling accomodations are easily accessible for servicirg.

DIMENSTIONS AND AREAS

Station lines are unit measurements along the longitudinal axis of the fuse-
lage, the lateral axis of the wings and horizontal stabilizer, and the vertical
axis of the vertical sbabilizer. All station lines are identified by their
regpective components, such as the fuselage station lines, wing station lines,
and are alwsys measured in inches.

Fuselage Station Lines

The foremost station on the fuselage nose is station 100, thus eliminsting any
negative or minus statlons. PFuselage stations progress aft to the tail at
station 1717. Figure 6-5 illustrates all the fuselage station lines for the
frames, bulkheads, doors, windows, etec., from the tip of the radome to the tall.

Wing Station Lines

Wing stations are measured in inches from EL 0.0 to provide spanwise, or lat-
eral axis, reference points and are illustrated in Figure 6-6. All wing
stations between WS 60 and WS 224, and outboard of WS 688, are parallel to the
airplane centerline, while stations 261.413 through 797.540 are perpendicular
to the wing center spar. Wing station 69,518 intersects the tariling edge at
the break point and is a very useful reference point. In addition to the wing
inch-gtations, all wing bulkheads and/or ribs are numbered consecutlvely from
1 through 36 starting at the first wing tulkhead at wing station £9.518 out-
poard of the Tuselage. Any of these numbers can be cross-referenced to a wing
station if necessary. IT needed, wing stations can be further identified as
right-hand or left-hand.

Anti-Shock Body Station Lines

Anti-shock body station lines are measured aft from the theoretical nose tips
of the body. The theorectical nose tip is station 0.0 (see Figure 6-7). No
individual wster line or buttock line system is used Tor the Anti-Shock Bedies.

Engine Pod Station Linas

The station nuinbering system for the engine pods and pylons is independent of
a1l other station numbering systems (see Figure 6-8). A zero reference point,

Oct. 23/61
K

6-11




CONVAIR MODEL 3>.

QPERATION MANUAL

s
a
g [~ Bs7S — - 870.35
= D - — 5TA 100 -
- a8 =
Ej b
ES - 7
2E3 = " g
TRz ol 928 =
- 945 1 2 }' 2
D - b4 z 179 17 :' r\ﬁ\:,
o e 187.5 . L
g T 9ss -, £ " 194 — I! — |
= - -':§ 212 208 Lot ]
2E 1002 ) & 21 l' - - I;‘I’A 221
ES iom 230 ey T T 2913 a7
26 ) 240.2 . 1= 243.83
T ioa 250 M D 248,53
] x %8 SR fe— —\ 263
11
1059 273 —\
1078 O S 29 1 j JJ""T\ -
O z m : 2975
1097 . H - > 306 S
i ! = g 3135
n ) D zZ 325.815 - 4 — 323,785
1116 — . Ba
1as bl O B o i 33::-:3
= H - x
b . &) ass — '
o nss v i —— 36246
3 b O vs T, ;
1173 oo i
[ :: :I D 394 ~—
o 1193 1 : - A01.5 - ji_ ;y
z ! " 1 413.810 SRS
1 ; - (IR
2 e ] 432 —
z @) L)l Ty
z s I 451 . .
5 e v a v i ] £
1268 ! ) 8 470 v I i 'S 5
; ' =}
O 2 189 . — 1t 5 @
1287 . ¥ b m
- 3 s08 b — =
1306 -— = 0 i ] m
[3 E 527 . L o
1325 z b ! ] 8
oas O 5 548 pmemnsd f—— i
—_— 1 1
!
J 568 :: T - '
137261 1376.755 584 - =
1394 603 HI D
1408 1410.00 622 -
1425.75 » ) o
: 3
1439 O
1451.5 840 /\ :
1464 ‘ D " s7aas
1476 T — "
L
1487.95 — e S —e97.27
3 1501.3 EATRET O r15.90
F 1538 i} .
B 15263 2 £ @l _;7';::2
2 issss £8 el :
1551 ¥ - 758.90
1563.50 23 ‘ I -
" =] . biagil
1577.95 2Z I | O
"z ‘ 796,90
1589.25 [1] "
ra00.65 = oeno
1612.20 ‘ O
1625.70 ‘ l &) 832.50
1840.45 ‘ 851 .40
B844.75 1 | O .
- 870.35
s | O
= )
£ | ] O
o ' - a7
L ny
Fuselage Stetion Lines Oct. 23/6
H-12 Figure 6-5 4




CONVAIR MODEL =R®

OPERATION MANUAL

oo

S3HINI

8

39V13asnd 12

Wvag "O'Tw 10—

8'898 WIS SN4—

T'TER WIS mﬁ.u..| ¥

£'96L W15 SNd—— -

4vds dv3Id 1D

SPLL WIS

.|

L'6SL WIS S5Nd —

'9LL WIS SN ———

¥dS ¥31N3D 1D

-~

—— F

ANIT QYOHD

0649 V1S Snd

IN3D¥3d §'9¢

8.

9TOL SM

- B89

0°89% SM T &br SM
|
|

\ emsNoOuvIS
./ dv14 auvosaLno - \

9°0%E NOLLYIS

“ANMYILNGD 19Y135N4 IHL OL ¥VINJION3IdYid
INIT Y ONY dOW ONOTY qa3¥nsvaw 3d8Y 889 Sm
aNY T'66F SM  '9°1SE SM '0'B9T SM ‘9 ZOL SM OS1V
ONY ‘8'FZT SM ONY §°69 SM NIIMLIIE SNOILVLS ONIM ‘€
(00 18) LOOY ONIM WOUd (Q¥vVOosLNoO
¥VdS ¥3ILNID) 3NN % 59E QIANILXT ANV dOW ONOTV
aIYNSYIW JEVY FE ANV 6 SAVIHNING NIIMLIE SIDNVISIO T
ANYId QHOHD ONIINLIVINNYW
Ol SY¥343¥ dOW 'SAVIHNTING Ol ¥343Y SHIFWNN aI1DHID "L

iSILON

V1S 4vdS 43LN3D

§1°500 90 O£ 0F

— ]

s'iee

IVHAIHIO £ "FONITIDNI ¥ dOW
NO JHV SITONV d3IMS ANV SNOILWLS

M 39viasnd

6-13

)

£

-6 (Sheet 1 o

6

Wing Station Lines
re

Fi

Oct. 23/61

K



CONVAIR MODEL e
OFPERATION MANUAL

FTLOL SM

Lkl 54 4T0T S3

00 19

wWyig ‘oW " -

aeye WIS sNd —— -

vds gwad 13—

£'96L WiS SNd ————-

1654 WS SNd — - J‘N

UYdS MILNAZ 10

TILL WIS SNd —— - ———

069 WIS SNd T -—
S
AVdS INOHS 13— ;

3NN %01

P

ANIT X0

B9ts sd /

&LBF SM

L'66t SM
NOWAJ aeino
=]

NOILYIS DRIM SM

INIT HALVM M

HVI9 INIINYT NIYW D1
A9VIISNSE ‘AN4

NOIIYis dvis 'S4

AN H3LNET 1D

INN AZOLLNE e

NOILYLS NOATUY SV

FANLVIDNIWON NOILYIATdEgY

X

Qct. 23/61

& (Sheet 2 of 2)

Wing Station Lines

Figure 6-

6-14



CONVAIR MODE)

OPERATION MANUAL

FWD

INGD [

-
q
= WS 2026

0.0
6.4
///
243~
ar2
53.1
e dg:g - A £33
- / \ 73.6
59.4 G REAR SPAR 83.9
/O \ 94.1
761
103.6
8.5 S— s
| 10088 122.6
107.8 I \ 132.1
1158
- l \ 143.4
4752
- ’ \ 1533 _ — ——
1344
’] 162.8
143.9
152.3 175.5
162.7 ) vers
m 1 - 192.5
173.4
N oo
184.0 WING TE.
193.3 215.8
w27 227.6
212.0
238.4
/ 2290 2492
258.9
241.4
2712
7539 v
2639 INB'D ANTI-SHOCK BODY
273.9
286.0
291.0
293.9
QUTE'D ANTI-SHOCK BODY
1032 401G
Oct. 23/61 Anti-Shock Body Station Lines

K Figure 6-7 6-15



CONVAIR MODEL e

OPERATION MANUAL,

ANNOW
) 511049 H3d4n ANIONT AvIHAINE
QOd QE1N0 §9°8LE ANNCW INIONZ amd 03NV
QOd NI 51°C5T 14¥ 89°00T Bros1 TrLL
NOIVYLS 04 NOILYIS 004 YiS GOd ¥is 00d
_— rz TTYMIdH
LFAr A b xa-ll
ON3 LY
Y15 604 ynng god vis dod
| 9£°01T I "
ﬁ vIS 604, _
L
Illllllllllll

*._

1SNYHE ANISNT 1D — — . ¢

a0d O8lNO £L5°FIE
d0d JENI 98°80E
NOILYLS a0d

a0d 0ELNO 007 1ET
QOd JUNI 00°8ST
NOILY1S 004

7 U0d gELnD 89°TEL _
QOd QENI 83°6T1 |

oy 8t
¥is QOd

B0 PFOEDE

' INN B3LYM aodT ||I_0. = F_
| .
aod qalno #9'cwl M\.\\\Hg_ sino 8.#—* ]
ao0d GENI vEIFLl| o - —-
INI HILYM GOd8— — 00¢ GHNI 06Z¥L 1M 004 --8— N ==
| [
004 09ING b9l U (| 904 guino sys
Qo4 GENI pSESL ] o oL O N iod | _ | _
- INIT HEIIVM OOd — - = llnil.\T\\
| | |
004 GALNO YESIE  (0d ALING $ sl
aod QINI bTST 604 QBNI 0T'LET 00'9L1 SP'O5L £LT 0066
NOILYIS dOd ¥1s 0od VIS dod VIS GOd vis ao¢ vis God

SIONINIIFE AN WIINTD FONIH HOOA GOd INIDNI aY
OO RLL'SYOSL'ELbEL 0066 SNOILYES AOd T

THYNUWIS INITLINOD NOYAd ONY QOd INIDNI QAV0LLND
‘NMOMS INILAOC NOTAd ONY QOd INIDNI S4v0aN '

110N

o'odl
M GOd

—i
Y
-.......-....r

AR

od

L

o
<

Pod and Pylon Station Lines

el

Figure £-8

6-16



CONVAIR MODE}

OPERATION MANUAL

located 38.00 inches forward of the engine intake cowling on the longitudinal
reference axis, has been utilized to determine the station measurements. OSta-
tiong are measured in inches aft from this point. Fuselage station lines, but-
tock lines and waterlines are also utilized for the location and installation
of pod and pylon equipment items.

Horizontal Stabilizer Station Lines

Horizontal stabilizer inch-stations are measured from a zero reference point
and are perpendicular to the stabilizer front spar (see Figure 6-9). Buttock
lines and fuselage station lines can alsc be used for location and installation
of equipment in the horizontal stabllizer.

Vertical Stabilizer Station Lines

The vertical stabilizer inch-stations are messured from zero reference point
and are perpendicular to the stabilizer front spar as shown in Figure $-10. In
addition to these stations, waterlines and fuselage station lines can be uti-
1ized for installetion and location of equipment.

Water and Buttock Stationh Lines

Waterlines are vertical reference points (WL} measured in inches from the in-
side surface of the lower fuselage skin at the airplane center line. This
inside surface of the lower fuselage skin is at WL 0.0; all waterlines below
this point are negative, or minus, waterlines. Several easy waterlines to
remenber are; WL 0.0 at the bottom of the fuselage center line, the top sur-
face of the cabin floor at WL 59.00, and the fuselage leveling rivets on the
outside surface of the fuselage (right end left sides) at WL 68.00.

Buttock lines (BL) are reference points along the lateral or Y-gxls and are
measured in inches to the right and left of the fuselage center line, also 11-
lustrated in Figure 6-16. The fuselage centerliine is at BL 0.0, while the in-
side surface of the fuselage skin at the widest point in the fuselage (WL, 81.75)
is st BL 6G.00. Buttock lines are also used as reference points in the wings
and horizontal stabilizer, snd extend to the right and left of the fuselage
centerline. The extreme side of the wing tips are at BL T20.00.

Dimensions {Approximate)

Wing
BPEINL vevwrsaannnnanosns e eareaie ey 120 feet
Chord at ROOE v v v vt eemraanonessnsasssonernanns 9 feet
Chord at Tip - itivuranrerrnrerssasnanriorneansssns g feet

lLanding Gear

WHEE]l BEEE v irervinsasncarasrsrsansrsanssarvonnns 57 feet

Tread (MAin GEAT) «vevurercenrecornntorranaensns 20 feet
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Ilending Gear (Continued)

Tread (Mein Gear Tires)

Longitudinal Centerline ..v.veserunnvnnrvnnens L6 inches
Spanwise Centerline ....veuve., . Craenaaas 24 inches
Tread (Nose Gear TiTeS) «vverurrraneanrecernanens- 17 inches
Nose Gear Centerline to Station 100 .............. 12 feet
Aress
Wing (BasSIc) vereevreanonenennentnsnnrninneasnnnas 2250 square feet
Vertical Btabilizer {Total) viverveiareiinnnnennnns 295 square feet
Rudder (Aft of Hinge Line, Including Tabs) ... 83 square feet
Rudder Balance ...... f i et aa e L5 square feet
Servo Tab {Aft of HINEE) +uvererveecnvuannnnnn 8 square feet
Trim Tab (ATt of HINEE) «verrvrrivrnneeenneenn N square feet
Horizontal Stabilizer (Total) ..veversriniensna. . ket square feet
Elevator (Aft of Hinge, Including Tabs) ...... a7 square feet
Tab (Aft of Hinge) ...ovevnvcnn e 8 square feet
ATt Cargo Compartment .....iveivrvrnens e LLo cubic feet
Forward Cargo Compartment ........... cerrecaceaeeaeaes. 488 cubic feet

GENERAL SERVICTING DATA

The Conveir 930 is designed so that it can be easily serviced in a minimum of
time with little interference between the crews servicing the airplane systems,
galleys, lavatories and loading and unloading the cargo areas. All servicing
of the fuselage systems, except for the potable water system, is accomplished
from the right side of the eirplane; the left side of the airplane, except for
the fuel, engine and potable water system servicing, is reserved for passenger
and flight crew enplaning and deplaning (see Figure 6-11). Various servicing
points and locations are shown in Figure 6-12,

Servicing Replenishment Tables

NOTE: The values shown in the following servicing-replenishment informetion
are only spproximate. For actual airplane servicing, use the proper
Maintenance Manual informetion and procedures or, when applicable, the
FAA Approved Airplane Flight Manual Values.

oct. 23/61
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PNEUMATIC

PRELOADED
BAGGAGE BINS

ELECTRICAL POWER N

Oet. 23/61 Airplane Ground Servicing - Typical
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WALKWAYS

Walkways, as such, are not designated since this airplane has been designed to
permit as much servicing as possible to be accomplished either from work stands
or from the ground. Figure 6-13 illustrates that the area between the front
apnd rear spars on the wings ard the horizontal stabllizer are the only places
where walking is permitted. Maintenance personnel sghould remove their shoes or
weay protective slip-on shoe coverings any time 1t is necessary to walk on the
wings or horizontal stabilizer sc as to preserve the required aerodynamic
smocthness of these surfaces. Scratches due to shoes, or dragging hoses across
the surfaces, will be paid for by loss of speed and higher fuel consumption.
This condition is not appreciable on piston-powered airplanes but is an item of
considerable magnitude in Jjet transport operations. The areas on which walking
is prohibited are marked "NO STEP".

JET BLAST CLEARANCE AREAS

Figure 6-14 illustrates the danger areas that exist at various power settings
due to engine operation (zero wind conditions). The areas shown should be con-
sidered as minimums since unpleasant, though possibly not dangerous, effects
may be noticeable at greater distances. High crosswinds, or downwinds, may
inerease the hazardous conditions, as may alsc ice or snow.

ATRPLANE GROUND HANDLING PROCEDURES

NOTE: The information contained under this heading is for familiarization only.
Before actual accomplishment of any ground handling, consult the proper
sections of the Maintenance Manual.

Towing is normally sccomplished from the nose gear when the airplane is on a

hard, dry surface. When mud, snow or rough terrain may create excessive towing

loads, towing must be accomplished from the main gears. Main gear towing can be
either backward or forward as required by circumstances.

1. Use the proper size tug {or tugs) with appropriate electrical capa-
bility,

2. Place down-lock safety pins in the main and nose gesr braces.
5. Make an operational check of the hydraulic brake system.

4. Check emergency air brake pressure.

5. Disconnect the nose wheel torgue arms.

CAUTTION: THE ATRPLANE SHOULD WEVER BE TOWED WITH A CG AFT OF STATION 912,
TATL TTP-DOWN MAY OCCUR UNDER SUCH A CONDITION.

Nosge Gear Towing

Eguipment required for nose gear towing consists of z ftow bhar and a tow truck
equipped with an electrical power source suitable for use with the airplane.
Four men should be used during towing sctivities; one for the operation of

Oct. 23/61
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Airplane Walkways Diagram
Figure 6-13
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START AND TAXI

\

RUNUP AND TAKEOFF

SUCTION AREA
25 FEET RADIUS
/DI.IRING RUNUP

900°F AT 1400'/SECOND

BOO°F AT 1200 /SECOND

200°F

150°F

" 600°F AT 1000'/SECOND

200°F AT 200'/SECOND

100°F AT 100’/SECOND

~500°F AT 800'/SECOND

~—400°F AT 400'/SECOND

F AT 400'/SECOND

50
150°F AT 200°/SECOND
NOTE: il U | =—100"/SECOND
LEFT HALF OF ILLUSTRATION SHOWS ENGINE EXHAUST | W e
VELOCITY DURING START AND TAXI. RIGHT HALF OF
ILLUSTRATION SHOWS ENGINE EXHAUST VELOCITY
DURING RUNUP AND TAKEOFF.
100

30.30.09.003

Engine Inlet and Exhaust Danger Areas
6-32 Figure 6-1L
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wheel brakes and equipment in the cockpit, one on the tug, and one at each wing
tip to check wing and tail clearance. Towing speed should not exceed a fast
walking gait (approximately 5 to & mph). The nose wheel steering disconnect
permits a swivel of 360 degrees; however, towing at angles greater than 60
degrees can result in scuffing of the main tires (see Figures 6-15 and 6-16).

CAUTION: DO NOT DISCONNECT EQUIFMENT OR LINES AT THE NOSE GEAR. IMPROTER
RECONNECTION CAN CAUSE MATFUNCTION OF ONE OR MORE SYSTEMS.

Main Gear Towing

Integral towing lugs are installed on the front and rear of each main gear truck
(see Figure 6-17). By utilizing a menilla rope or aircraft cable, towlng ecan

be accomplished either forward or backward in mud, snow or over rough terrain.
Personnel should be utilized in the game manner as for nose gear towing. EBrake
and electrical requirements are also the same.

ATRPLANE JACKTNG PROCEDURES

Lifting the sirplane consiste of such operations as Jacking the entire airplane,
Jacking at esach landing gear, hoisting the airplane, and raising the szirplane
with pneumatic lifting bhags. Precautions such as removing all unnecessary
egquipment in the area and the checking of overhead clearances should be observed.

WARNING: DURING JACKING AND LIFTING PROCEDURES, ALL PERSONHEL NOT ACTIVELY
ENGAGED IN THE OPERATION SHOULD REMAIN CLEAR OF THE ATRPLANE. ALL

EQUIPMENT SHOULD BE REMOVED FROM THE AREAS DIRECTLY BENEATH FUSELAGE,
WINGS AND TAIL.

Jacking the Entire Alrplane

The entire airplane can be raised uveing the three airplane Jack points (see
Figure 6-18). The fuselage jack point is located at station 153.6 just forward
of the nose landing gear well. The two wing Jack points are located at wing
station 224.7 four iaches aft of the rear spar. When not in use, the Jack
fitting openings are covered with flugh covers to retain aerodynamic smoothness.

CAUTION: 1. JACKING OPERATTIONS MUST BE SIMULTANEOUS, WITH THE AIRPLANE KEPT IN
A LEVEL ATTITUDE.

. PLACE A RESTRATNING CLAMP ON EACH GEAR STRUT TC FPREVENT STRUT
EXTENSION WHEN LIFTING AIRFLANE.

Mo

Jacking at the Landing Gear

Three integral jack pads are installed on the main gear trucks and one on the
nose gear strut (see Figure 6-19). Individual wheel or brake servicing is ac-
complished by raising the front or rear of the maln gear trucks by means of the
integral pads. An added safety precaution when jacking under a =strut is to
place a jack under the respective wing or fuselage Jack point. When jacking
under the strut, only 1lift the gear high enough so that the tires clear the
ground.

Oct. 23/61
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Lifting with Pneumatic Bags

In case of soft terrain or a wheels-up landing, the airplane can be lifted by
using pneumatic bags. Place the bags under structural points of the wings and
fuselage and inflate evenly, holding the airplane as level as possible. Sharp
objeets cn the airplasne surfaces or on the ground musit be removed to prevent
puncturing the bags.

CAUTTON: MOOR THE AIRFLANE TATERALLY AND LONGITUDINALLY BEFORE INFLATING BAGS.
4T, PERSONNEL AND EQUIPMENT NOT ACTIVELY ENGAGED IN THE OPERATION
‘SHOULD BE REMOVED OR RESTRAINED TO A SAFE DISTANCE.

ATRPLANE MOORING PROVISTIONS

Mooring provisions are provided on the forward and aft main gear trucks and on
the tail skid (see Figure 6-20). Tie-down is accomplished by utilizing manilla
rope or aireraft cable between the mooring lugs and the tie-down points on the
ramp. Integral control surface gust dampers are provided in the Tiight control
system *to protect the airplane control surfaces from wind damage. The rudder
iz provided with a gust lock.

ATRFLANE PARKTNG

When parking the airplane for a short time, the parking brake shouid be set by
depressing the brake pedals and pulling the parking brake handle ON. Always
ingtall landing gear down-locks, chocks and static ground cables. When un-
favorable weather prevails, care should be taken to shield the azirplane as much
g8 possibie and head it into the wind. During windy and dusty weather, window
and door openings should be closed and safety covers installed where necessary.
Extreme winter weather conditions will require ice and snow shields over the
windshields, wings and teil surfaces. Precautions should also be taken to pre-
vent the airplane tires from freezing to the ramp. Parking brakes should HOT
be set in cold weather as an accumulation ¢f moisture may cause them to freeze.
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GENERAL FLIGHT CONTROL SYSTEMS

The Convair 990, flight controls consists of four primary and seven secondary
flight control systems (see Figure 7-1). The primary systems include the
rudder, elevator, alleron and spoiler controls. The secondary systems include
all the primary control surface trim systems, the wing flaps, Kreuger flaps,
leading edge slats, the stabilizer, and the speed brake function of the spoilers.

Primary Flight Controls

All primery flight control systems except the spoilers, and the rudder in the
norrmal mode of operation, utilize a flight tab arrangement such that pilot
action at the controls moves a flight tab, causing the main control surface to
move in the desired direction. Due to the large mechanical advantage of the
flight tab over the main control surface, plus the mechanical advantage of the
pilot over the +tab, the large forces required to move the main control surfaces
are overcome by relatively small pilot input foreces. Balance panels are used to
reduce the main control surface hinge moment to minimize pilot input to the
aileron add elevator control systems. The rudder system, in the normal mode of
operation, is power-operated by the two hydraulic systems. The spoliler system
performs functions in both the primary and secondary systems. The primary
function is to provide the principal means of lateral control of the airplane.
The spoilers are augmented by the aileron system.

Secondary Flight Controls

The aileron and rudder trim systems use conventional trim tabs positioned by
moving control knobs in the flight compartment. Instead of elevator trim tabs,
the horizontal stabilizer moves as a unit for airplane longitudinal trim. The
stabilizer is mechanically controlled and hydraulically operated during normal
cperation. An emergency Trim system can be operated either electrically from
the flight compartment or mechanically from the aft lavatory. The hydraulically
operated stabilizer trim system is also electrically controlled by a sliding
button on each control wheel.

Tn the secondary contrel system, spoiler function is to act as an airplane speed
brake. Moving & speed brake control handle in the flight compartment to the
desired setting actuates the spoilers for symmetrical speed brake use. The in-
board and outboard spoilers can be raised independently by means of an electric
actuator mechanism to provide emergency longitudinal trim.

Double-slotted Fowler type flaps are provided on the wing trailing edge. Esch
wing incorporates two hydraulically operated flaps that are controlled from the
flight compartment.

Four track-mounted, extensible leading edge slats and three Kreuger flaps are
installed on the leading edge of saeh wing, outboard of the inboard pylons.
Extension and retraction is controlled by the flap control lever.

A ground gust protection system is included as part of the secondary flight con-
trol system to prevent wind damage to primary control surfaces. The system is a
permanent installation requiring no manual control or selection, and does not
interfere with normal control surface movement.

Oct. 23/61
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FLIGHT CONTROL HYDRAULIC SYSTEMS

Hydraulic pressure is used in the fiight control system to operate the flaps,
the rudder, the leading edge flaps and slats, spoilers, and the horizontal
stabilizer trim system. Figures 7-2 and 7-3 show schematic diagrams of the
flight control hydraulic systems. The wing flaps can be operated by either the
number 1 or number 2 hydraulic system, as selected by the pilot.

Flap Hydranlic System

The flaps are moved to the desired position when the pilot moves the flap con-
trol lever on the pilots' pedestal to a selected position corresponding to the
degree of flap extension desired. When the flap control lever is moved, the
flap selector valve is positioned by means of cables, pulleys, guadrants and
push-pull rods to allow the selected hydraulic system to supply pressure to its
asgociated motor. The motor drives the main flap drive gearbox. This force

is transmitted to torgue tubes that rotate screw Jacks, mechanically raising or
lowering the flaps. The flaps will assume the position selected automatically,
without further attendance, by reason of a followup system comnnected to the
selector valve. The selector valve returns to a neutral position when the
selected degree of extension or retraction has been reached. BShould an asym-
metric flap condition occur, a flap phase valve acts as a shutoff valve to

shut off system hydraulic pressure electrically by action of agymmetric sensing
units. The sensing units are installed on the outboard end of each torque tube
assembly. The flap hydraulic system selector switch, placerded NORMAL # 1-
ALTERNATE # 2, ig located on the pilots' averhead switch panel.

Spoiler Hydraulic Systen

Fach inbosrd spoiler has two hydravlic actuating cylinders and each outboard
spoiler has four cylinders. The cylinders are in pairs and are located beneath
the spoilers. Each main hydraulic system supplies pressure to one cylinder in
each set. The actvating cylinders move the spoilers up or down as required.
There is a servo valve agsembly for each of the spoilers which is uvsed to con-
trol hydraulic pressure at the actuating cylinders. Movement of a control lever
on the pilots' pedestal operates a cable and pulley system in the aileron-
spoiler mixer assembly. The rotational movement of the pulleys is converted to
linear motion by push-pull rods and bell cranks. If the air loads reach a crit-
ical amount, the speilers will partially retract, preventing damage to the
spoilers surfaces. This gpoiler "blow-down" is permitted by the designed in-
ternal leakage of the spoiler selector valves., The spoilers are normally
operated by both No. 1 and No. 2 hydraulic systems. Should one of the main sys-
tems become inoperative, the spoilers may be operated by use of the remaining
gystem. The spoiler operating rate will be approximately the same as normal;
however, spoiler "™low-down' alrspeed will be reduced slightly.

Horizontal Stabilizer Trim Hydraulic System

Only the No. 1 hydraulic system is used to operate the horizontal stabilizer
trim system. There is no association with the No. 2 hydraulic system. In the
normal manual mode of operation, movement of either of the trim levers on the
pilots’ pedestal opens & valve to port hydraullc pressure to a hydravlic motor.
The motor rotates a jack shaft in the horizontal stabilizer screw Jack. As the

Oct. 23/61
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jack shaft rotates, it travels through a nut attached to the stabllizer leading
edge, causing the stabilizer to move up or down. When the stabilizer reaches
the desired setting, releasing the trim lever returns the hydraulic valve to the
neubral position and stops the flow of hydraulie fluld to the hydraulic motor.

Ir the normal electrical mode of operation, trim is accomplished by actuating
either stabilizey trim switch located on the outbozrd horns of the pilots!' con-
trol wheels. The stabilizer trim switches actuate a hydraulic boost stage in
the same hydraulic valve used in the normal manual trim system, and rotation of
the jack shaft through the stationary nut on the stabilizer leading edge is
identical. A standby electric trim motor is available 4o obtain the desired
trim setting in the event of a normal system malfunction.

An electrically operated shutoff valve, controlled by a switch 1n the flight
compartment, is incorporated in the hydraulic pressure supply line to the trim
motor. Should the trim system become erratic, this valve may be actuated to
shut off hydraulic pressure at the trim motor. The hydraulic motor of this
system has a seal drain to avoid the collection of hydraulic fluld in its case.
This eliminates the possibility of the hydraulic fluid, which might seep by the
seal, damaging or causing & malfunction of the motor.

Rudder Hydrauliec System

During normal flight operations, the flight tab control linkage is locked in
neutral and the rudder is actuated by two pairs of hydraulic actuators. Each
of the airplane's hydraulic systems supplies power to one pair of actuators and
either system will provide fully effective rudder control.

A meérvo valve in the hydraulic lines leading to the actuators is connected to
the rudder pedals through a mechanical linkage of cables, control rods, and bhell
cranks. The position of the rudder at any particular time is coordinated with
that of the rudder pedals by a follow up arm which shuts off the flow of hy-
draulic fluid to the actuators when the rudder reaches the position selected by
the rudder pedals. Rudder deflection is restricted to safe limits by force
limiting relief valves in the hydraulic lines leading to the actuators.

ATLERON CONTROL SYSTEM

The ailerons are equipped with flight tabs which are connected by a system of
bell cranks, control cables, and control rods with the pilot's control wheel.
The spoiler system, which is connected to the copilot's control wheel, is
interconnected with the allercn system by & epring-leaded crossover tube bhe-
tween the bell cranks at the base of the control cclumns. A spring-loaded cam
and roller unit in the speed brake/spoiler mixer provides artificial feel for
the aileron and spoliler control systems. A diagram of the alleron and spoiler
control systems is shown in Figure 7-4,

Aileron and Aileron Flight Tab Travel

The ailerons are rigged from a position streamlined with the wings and then
drooped one degree to compensate for the flexing action of the air load on the
wings during flight. Aileron travel from the normal one-degree drooped position

Oct. 23/61
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is 14 (+1.0, -0.5) degrees up and down. Flight tab travel is limited by stops
on the flight tab hinge line to 20 (#0.5) degrees.

Aileron Ground Check System

Sinece the ailerons are free-floating, with all of the movement of the alileron
control wheel being utilized to move the flight tab, an iced or jammed ailercn
ordinarily could not be detected by the pilot when the airplane is on the
ground. A ground check method has been provided by the addition of stops to
the front spar of the aileron. The stops are located in such a manner that
after approximstely 65 degrees of aileron wheel movement, the bell crank lo-
cated on the aileron hinge line, when moving for down alleron, contacts a
checkout stop and as a result, moves the aileron to its full travel. Since the
ailerons are interconnected, the opposite aileron will also move. However, in
flight the flight tabs will cause the aileron to move and the checkout stops on
the aileron will move awasy from the bell cranks on the alleron hinge line.

Aileron Balance Panels

Balance panels and balance weights are attached to the leading edge of the
ailerons to give the ailerons aerodynamic and dynamie balance. Curtains are
insballed between the balance panels and the wing trsiling edge structure to
provide seals for the balance chambers.

Ajleron Trim System

The aileron trim tabs sre controlled by & trim knob located on the aft side of
the pilots' pedestal (see Figure 7-5). Movement of the aileron trim knob also
positions the aileron trim indicator scale on the pilots' pedestal to provide
an indication of the amount of the trim introduced. Aileron trim tab travel is
16 degrees Mup" and "down" from the streamline positien to 7.5 degrees with
ailerons fully extended. Stops limit trim tab travel.

SPOILER CONTROL SYSTEM

Two spollers, mounted on the upper surface of each wing, operate in conjunction
with the ailerons and provide the principle means of lateral control. The
spoilers are also extended symmetrically to serve a secondary functlon as speed
brakes. BEach inboard spoiler is asctuated by two hydraulic actuators and is
controlled by a dual hydraulic selector valve. Each outboard spoller, composed
of three sections, utilizes four hydraulic actuators. The outboard spoller
actuators are also controlled by & dual hydraulic selector valve. Selector
valve operation is provided through a push-pull tube system connected to each
side of the aileron-spoiller mixer assembly. An additional push-pull rod is
attached between each spoiler, and a followup linkage completes the loop for
closing the selector valves when the spoilers reach the selected degree of
travel.

As a safety feature, power for operating the spoilers is obtained from both
main hydraulic power systems. The spoilers can be extended at any flying speed;
however, when the speed of the alrplane exceeds approximately 220 knots TIAS,
"slow down" is permitted by the spoiler selector valves, thereby preventing

Oct. 23/61
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structural damage due to excessive airloads. Should one of the hydraulic sys-
tems lose pressure, hinge moment will be reduced and "olow down" will occur at
lower speeds; but full deflection will still be possible at approximately 150

knots IAS or below.

The spoiler and aileron systems are not interconnected at the mixer unit. The
only interconnection is through the spring-loaded tube assembly comnecting the
bell cranks at the base of the control coclumns. TForce applied at the left-hand
control column wheel is transmitted to the aileron tabs through the linkage on
the left-hand side of the airplane. The force is also carried through the
spring tube assembly into the linkage on the right-hand side of the airplane to
the mixer unit and finally to the spoiler control valves. The force at elther
aileron control wheel causes the spoiler surfaces to move.

Separate linkages for the spoiler and alleron flight tabs provide a safety fea-
ture. During normal opersting conditions, either control wheel operates both
systems. Should a malfunction oceur causing one system to jam, the system on
the opposite side can be operated by overriding the jam through the spring-
loaded tube assembly. A jam in the spoiler system on the right-hand side of
the airplane can be overridden by the pilot to operate the aileron system. A
Jjam in the aileron system can be overridden by the copllot to operate the
spoller systemn.

Aileron-spoller relstionship is as follows: With the spoilers flush against
the upper wing surface (dowvm position), only the spoilers on the up-ailercn
side will move. With the spoilers full open (up position), only the spoilers
on the down-aileron side will move. With the spoilers selected to speedbrakes
to any position other than full up or full down, the spoiler directlon of move-
ment will be the same a8 with both ailercns; that is, one set will move up
farther and the other set will move down farther.

Separate Spoiler Control

Fither the inboard or the outboard spoilers can be raised to provide additional
pitch control if the horizontal stabilizer mechanism should jam. Actuating the
emergency pitch control switch on the pilots' pedestal to the UP position
lowers both inboard spoilers. The drag from the ralsed outboard spoilers tends
to raise the nose of the airplane. Placing the emergency pitch control switch
in the DOWN position lowers the outboard spoilers and the drag from the raised
inboard spoilers tends to lower the nose.

Spoiler Travel

The maximum deflection of the outboard spoilers is 72 degrees. The inboard
spoilers can be deflected 58 degrees. Up and down spoiler travel is limited
by the actuator pistons bottoming out in the actuator cylinders.

ELEVATOR CONTROL SYSTEM

The elevators are used for longitudinal control of the sirplane while in flight
and are controlled by a mechanical system of push-pull rods, bell cranks, and
cables that connect the control columne in the flight compartment to the flight

Oct. 23/61
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tabs on the elevators (see Figure 7-6). The right and left-hand elevator con-
trol systems are intercomnected by two spring tube assemblies. One spring tube
agsembly is located between the first two bell cranks aft of the control col-
umms; the other spring tube assembly is located between bell cranks in the aft
gection of the elevator controls. In the event of a jam in one side of the
elevator control system, the use of spring tube interconnects allows the pilot
on the opposite side of the Jjam condition to maintain partial elevator control,

An auvxiliary tab mounted inbosrd of the flight tab on each elevator 1s con-
nected to a lever on the stabilizer pivot shaft. When the stabilizer leading
edge is lowered, the auxiliary tabs are deflected downward to provide additicnal
"nose up" trim,

An elevator downspring assembly comnected to the elevator flight tab "up" con-
trol cable provides a forward force on the control columns when the flaps are
in the raised position. As the flaps are being lowered, a flexible drive shaft
connected to the flap central drive gearbox decreases the tension on the down-
spring to zeroc by the time the flaps are fully lowered.

Elevator, Elevator Tab, and Auxiliary Tab Travel

Flevator travel is 25 degrees "up” and 12 degrees "down" from the streamline
position, The elevator gust demper also acts as a limit stop for the elevator.
Flight tab travel is 12 degrees "up" and 25 degrees "down" from the streamline
position. Travel is limited by flight tab stops. Auxiliary tab travel is from
} degrees to 25 degrees trailing edge down.

Elevator Pressure Balance Beards

Two pressure balance boards are located forward of each elevator in pressure
boxes in the trailing edge of the stabilizer {see Figure 7-7). The aft edge of
each balance board is connected to the leading edge ¢f the elevator, A linkage
attached to an "A” frame on the front spar of the elevator and a lever on the
pressure board moves the pressure board upward when the elevator is deflected.
Air pressure from openings in the leading edge of the stabilizer exerts an up-
ward force on the pregsure boards and a deflecting force on the elevators when
they are moved up or down from streamline,

Elevator Flutter Dampers

The flight tabs have hydraulic type flutter dampers attached to the linkage
near each tab, The dampers eliminate any tab flutter which might occur in
flight. The elevator surfaces have hydraulic type flutter dampers.

HORIZONTAL STABILIZER TRIM SYSTEM

In order to avoid the problems encountered in using an elevator trim tab at
high airplane speeds, a completely movable horizontal stabilizer is used,

Moving the entire stabilizer also provides the large trim moments necessary at
takeoff and landing, and the degign is aerodynamically clean at cruise speed,
The normal mode of horizontal stabilizer operation consists of three subsystems:
Electric trim control, manusl trim control and autopilot trim control. The
emergency node of operation is divided into two subsystems: Eleectric trim

Oct., 23/61
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control and manual trim control., An irreversible Aeme type screw jack assembly
regulates the positioning of the stabilizer during all conditions of normal,
emergency, and Mach trim system operations.

A Mach trim augmentaticn system adjusts the stabilizer auvtcmatically to counter-
act the tendency of the sirplane to become "nose heavy" at high alrspeeds., The
trim setting of the stabilizer is indicated by a stabllizer ftrim indicator on
the pilots' instrument panel, A stabilizer motlcon irdicetor on the forward LI
side of the pilots' pedestal gives a vigible and audible indication of any
change in stabilizer setting.

Stabilizer Travel and Trim Rates

The stabilizer trim range extends from 2.50 degrees leading edge up to 15
degrees leading edge down, Stabllizer trim rate varies with the trim mode and
the position of the flaps. In the normal manual or electric mode, the trim rate
is ©.53 degree per seccond when the flaps are extended more than 15 degrees,

With the flaps extended less than 15 degrees the trim rate is 0.25 degree per
second, The emergency electric trim rate is ©0.1l2 degree per second and on
autopilot control the trim rate is 0.06 degree per second.

Normal Manual Trim System

During normal operation, the stabilizer is trimmed by moving the trim levers on
the pilots' control pedestal or by actuating the sliding switches on the out-
board horns of the control wheels. (See Figure 7-8.) The trim levers are
connected by a cable system t¢ a bell crank on the stabilizer control unit ad-
Jacent to the stabilizer actustor. This bell crank is connected to the hydrsu-
lic valve that regulates the flow of hydraulic fluid to the actustor motor.

The stabllizer actuator motor is powered by the No. 1 hydraulic system and is
connected mechanically with the screw jack which rotates in the fixed nut in the
upper actuator housing attached to a bracket at the leading edge of the gstabi-
lizer. Moving the cockpit trim levers forward positions the hydiraulic valve to
rotate the hydraulic motor and the screw Jack in the direction that will raise
the leading edge of the stebilizer and lower the nose of the alrplane, Moving
the trim levers aft reverses the flow of hydrauvlic fluid through the motor and
raises the nose of the airplane,

Normal Electric Trim System

Trim switches located on the outboard horns of the control wheels cen be used
to change the stabilizer trim setting (see Figure 7-9). These switches are
connected electrically to the boost stage of the hydraulic control valve.
Sliding elther switch upward lowers the nose of the airplane; sliding either
switch downward raises the nose of the airplane. The boost stage of the hydrau-
lic control valve actuateg the entire normal manual trim linkage and the manusl
trim levers respond when the electric trim switches are actuated., The electric
trim switches should not be actuated when the gtabilizer ig being trimmed by

the trim levers.

Oet, 23/61
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Emergency Electric Trim System

In case of hydraulic failure, the stabilizer can be adjusted by utilizing an
electric motor mounted on the upper housing of the stabilizer actuator. The
operation and direction of rotation of the electrie motor is controlled by a
nomentary-contact ELEC STDBY STAB CONT switch mounted on the aft RH side of the
pilots' pedestal. Holding the switch in the forward position, which is pla-
carded NOSE DOWN, raises the leading edge of the stabilizer and lowers the nose
of the airplane. Holding the switch aft in the NOSE UP position adjusts the
stabilizer tc raise the nose of the airplane.

Before the emergency electric system can be utilized, the STABR TRIM SEL switch
on the pilots' pedestal must be actuated to the OFF position to arm the ELEC
STDBY STAB CONT switch and ¢loge the hydraulic shutoff valve stabilizer trim
hydraulic line, Iimit gwitches control the travel limits of the stabilizer
in the emergency electric mode,

Emergency Manuval Trim System

In case of both electric and hydraulic power failure, the stabilizer can be ad-
Justed marnuvally with a hand crank which is stowed under the copilot’s seat. The
first eteps in emergency manual trim operation are to position the STAB TRIM SEL
switch on ELEC STBY and to insert the lock pin from the hand crank in the
pilot's manual trim lever. The manual drive shaft is located behind an escutch-
eon plate on the wash basin counter aprcn in the LH aft lavatory. The drive is
engaged by removing the plate, inserting the hand crank, and pushing the shaft
into engagement with the stabilizer actustor drive,

The person operating the hand crank must establish and waintaln interphone com-
munications with the pilot to receive instructions. CW rotatien of the hand
crank reises the leading edge of the gtabilizer and lowers the nose of the air-
plane; CCW rotation has the opposite effect. Approximately 600 turns of the
hand crank are required to trim the stabilizer through its full range of travel,
Precautions must be taken to ensure that hydraulic power is not applied while
the hand crank i1s instelled and in use,

Horizontal Stabilizer Trim Indicator

A stabilizer position indicator dial is located on the pilot's instrument panel,
This indicateor i1s a synchro motor operated by a synchro transmitter located on
the right drag longeron in the tailcone of the airplane. An arm on the input
shaft of the transmitter is connected to one end of a push rod; the other end
of the push rod is connected to the rear spar of the horizontsl stabilizer
torque box in the fuselage.

Autopilot Trim Control

Engaging the autopilot gwitches autopilot trim into the normal electric trim
circuit and actuates the boost stage of the hydraulic control valve. Autopilot
longitudinal trim action is noticable in the cockpit by the small movements of
the manual trim levers and the visible and sudible indications of the stabilizer

Oct, 23/61
7-16 K




CONVAIR MODE}

OPERATION MANUAL

N

0 SPOILER

R SELECTOR
L ®

NORMAL FLAP ASYMMETRY
O 0O|g0™

DISARM

SW TEST

REL TEST

CO-PILOT'S WHEEL
STAB CONT

MAN STAB

TRIM &

AUTO PILOT 5A
TRIM RATE

28V DC
EMER BUS

TRIM RATE

LIMIT RELAY

30.02.37.110

Oct. 23/61
K

% DISARM UrP
ad | NORMAL I A
I DN
x2 | ELEC STAB
& {:;‘?j‘ DISARM
: v |
X1 o
TRIM VALVE i
SOLENOID i

CONTROL AND

LOCKOUT RELAY PILOT'S WHEEL

STAB CONT

NOTE

A |NpicaTES TO
AUTOPILOT CIRCUIT

Normal Electrical Horizontal Stabilizer

Trim Control System
Figure T7-9

soL
NO. 1

STAB TRIM
CONTROL

7-17



CONVAIR MODE)

OPERATION MANUAL

moticn indieator. Autopilot stabilizer trim control can be overridden by normal
manual trim at the pilots' discretion. Normsl electrical trim is "locked out"
during autepilot operation.

Mach Trim Augmentation System

The Mach trim avgmentation system comsists of the Mach computer, Mach trim
augmentation amplifier, the Mach ftrim power supply, and the Mach trim portion
of the stabilizer trim control valve., The power supply; amplifier, and com-
puter are mounted on the autopilot equipment rack at station 341. The Mach
trim zugmentation system adjusts the stabilizer automatically to counteract the
tendency of the airplane to become nose heavy at speeds between 0.80 and 0.95
Mach.

Pitot and static air pressures are routed to the Mach computer. The Informa-
tion 1s computed and then transformed from its natural analog funeticon into
digital signals (step or pulse voltage signals). These signals are used by the
amplifier to control the Mach trim porticon of the horizontal stabilizer trim
contrel valve, On commend from the amplifier the control valve releases a
measured quantity of hydraulic fluid to the stabilizer hydraulic motor. The
motor then drives the stabilizer leading edge a specified number of degrees
(0.072 degrees per signal) in the direction commanded by the Mach computer.

The leading edge of the stabilizer is lowered for increased Mach and raised for
decreasing Mach. The system isg interlocked to a "standby" condition during
autopilot controlled flight.

A test button is provided for simulating increasing or decreasing Mach number
Tor pre-flight check of the Mach trim augmentation system.

Horizontal Stabilizer Position Warning Horn

A cam located on the arm of the gynchro transmitter of the stabilizer position
indicator e¢loses a switch in the warning horn circuit whenever the stabilizer
trim setting 1is between 2—1/2 degrees leading edge up and 2 (1.0} degrees
leading edge down or between 6 (+x1.0) and 15 degrees leading edge down (see
Figure 7-10).

A warning horn will sound "one second on - one second off" if two or more
throttle levers are advanced to TAKE OFF position when the sirplane is on the
ground if the stabilizer is not positioned between 2 (£1.0) and 6 (+1.0)
degrees airplane NOSE UP.

RUDDER CONTROL SYSTEM

The rudder control system consists primarily of adjustable rudder pedals, "feel™
system, control package, hydraulic control system, rudder warning system, flight
tab, and rudder, There are two modes of rudder operation; the normel or power
mode and the manual or stand-by mode. Rudder pedal movement is transmitted to
a servo valve on normel mode, or to the rudder flight tab in manual mode,
through a mechenical linkage consisting of cables, bell cranks, and control rods
(see Figure 7-11).

Qct. 23/61
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A single l/8—inch non-flex cable extends aft from each rudder control forward
bell crank beneath the cabin flcor and through seals in the pressure bulkhesad
to a rudder control aft bell crank in the tail cone. Cables extend upward from
the aft bell cranks to two cable idlers in the vertical stabilizer. From the
idlers, the cables are routed up to the rudder control quadrant bell ecrank to
which the autopllot rudder servo cables are also attached. Rudder pedal action
is transmitted from the quadrant bell crank to the upper bell crank and from
there to mixer No. 2 in the rudder control package by push-pull rods. In the
nermal mode of operation, the flight tab control linkage is locked on the neu-
tral position by the manual reversion mechanism in the contrcl package and the
rudder is actuated by two pairs of hydraulic actuators. Each hydraulic system
supplies power to one pair of actuators and either system will provide fully
effective rudder control {see Figure 7-12). The dual servo valve in the comn-
trol package provides control of the hydraulie actuators. A followup linkage,
to coordinate rudder deflection with rudder pedal displacement, is formed by
pivoting the servo valve actuating bell crank on the forward spar of the rudder.
When the rudder is deflected hydraulically, anti-servo action causes the flight
tab to deflect an equal amount in the same direction.

Rudder deflection at high airspeeds is confined to safe limits by foree limiting
relief valves in the hydraulic cantrol gystem. Rudder feel is simulated by a
"Q" cylinder which varies resistance to rudder pedal movement to correspond to
variations in airspeed,

The rudder hydraulic actuators act as mechanical stops for the rudder and on the
ground the actuators function as gust dsmpers. A gust lock on the pilot's
auxiliary instrument panel can be set to lock the rudder pedals in neutral and
provide sdditional protection for the rudder.

Rudder and Rudder Flight Tab Travel

Full rudder travel in normal operation is 25 degrees t0o the right and left of
streamline, In the manual mode, rudder travel is limited aercdynamically to
approximately 14 degrees left and right of neutral.

Full rudder flight tab travel is limited to 26.25 degrees in relation to the
rudder surface. In normal operation, the flight tab control is locked in
neutral and the flight tab is deflected the same amount and in the same direc-
tion as the rudder by the anti-servo action. In the manuval node, the flight
tab is controlled through the mechanical linkage to the rudder pedals and the
rudder surface 1s deflected by aerodynamic foreces acting on the deflected
flight tab.

Rudder Pedals

The pilot's and copilet's rudder pedals are pivoted on the upper ends of swing-
ing arms hinged below the flight compartment floor. Push-pull tubes connect the
lower ends of the rudder pedal arms to forward bell cranks interconnected by a
‘crogsover tube. Each pair of rudder pedels can be adjusted fore and aft to

sult the pilot's individuasl preference by rotating s hand crank on the aft face
of the rudder pedal cover. Rudder pedal travel is limited to 3.87 inches for-
ward from neuiral by rudder pedal cockplit stops.

Oct. 23/61
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Rudder Pedal Gust Lock

The rudder pedal gust lock consists of a control handle, a spring cartridge, a
shaft assembly, and locking pawls. The control handle is mounted in the pilot's
auxiliary instriment panel and is comnected by cable through a spring-loaded
cartridge to a quadrant on the shaft assembly. Bell cranks on the ends of the
shaft assembly are cormected through links to the locking pawls, Interlocking
springs extend forward from the shaft assembly bell cranks and are connected to
structural members,

Pulling the gust lock handle rotates the shaft assembly bell cranks and drives
the locking pawls against the bottom ends of the pilot's rudder pedal arms.

The spring cartridge allows the handle to be pulled out and locked in a position
in which it interferes with the operaticn of the steering wheel. When the gust
lock control handle is released, the unlock springs rotate the shaft assembly

to the unlock position, The gust lock restricts the movement of the rudder
pedals and the flight tab linkasge only. The rudder surface is protected against
gusts by the damping effects of the hydraulic acltuators.

Rudder Feel System

The rudder feel system consists primarily of a "Q' cylinder installed in the
vertical stabilizer, a "Q" feel bell crank installed between the rudder control
quadrant and the rudder upper bell crank, and an air feel bell crank installed
adjacent to the rudder upper bell crank. The "Q" cylinder is divided into a
forward and an aft chamber by a piston which is sealed to the cylinder wall by

a rolling curtain seal. The forward chamber is vented to ambient air pressure
in the vertical stabilizer; the aft chamber is connected to a heated ram air
inlet in the leading edge of the vertical stabilizer. A cable, connected to the
"Q" eylinder piston, passes between two tangentially mounted pulleys and is con-
nected to the "Q" feel bell crank. The other arm of the "Q" feel crank is con-
nected, by a push-pull rod, to the air feel bell crank. The other arm of the
air feel crank is connected, by a push-pull rod, to mixer No. 2 in the rudder
control package. A spring in the aft chamber of the "Q" c¢ylinder, behind the
piston, maintains tension on the cable when the airplane is on the ground (see
Figure 7-13).

In flight, ram air pressure builds up in the aft chamber of the "Q" cylinder and
increases the tension of the cable attached to the piston. In the normal mode
of rudder operation, movement of the control linkage displaces the "Q" feel bell
crank from its rest position ia line with the "Q" cylinder cable, the cable is
bent arcund one of the tangentially mounted pulleys, and the piston is pulled
back against ram sir pressure. The ram air pressure in the "Q" cylinder exerts
a restoring force on the "Q' feel bell crank proportional to linkage displace-
ment, This provides an artificial feel force for the pilot. In the manual mode
of operation, the artificial feel system is bypaessed and rudder feel is trans-
mitted from the flight tab to the rudder pedals.

Oet. 23/61
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Rudder Control Package

The rudder control package consists of the power trim jack, centering spring
mechanism, mixer No., 1, mixer No. 2, normal-to-manual (power—to-standby) re-
vision mechanism, hydraulic servo valve, and the flight tab control bell crank
(see Figure 7-14). The control package is accessible from either side of the
vertical stabilizer,

The power trim Jack is cable operalted through the manusl rudder trim system and
ig connected to mixer No. 1. Actuation of the trim Jack transmits motion to the
hydrauvlic serve valve bell crank through the deuble bell crank in mixer No. 1.
The rudder may be trimmed 6-1/2 (£1/4) degrees right or left of the streamlined
position.

The centering spring mechanism consists of a roller in the end of a lever which
is spring-loaded against a cam with two lobes in tandem, In normal mode of
operation, movement of mixer No. 1 bell crank rotates the centering cam away
from center and the roller rides up one of the cam lobes., Since spring loading
on the roller causes the roller to seek the lowest point between the cam lobes,
the cam is forced to rotate in the direction reguired to center the roller
between the cam lobes as soon as input pedal force is removed from the system,
When the cam returns to center, mixer No. 1 bell crank returns to center, the
serve control wvalve 1s opened to port pressure to the actuaters to return the
rudder to neutral, and as the rudder returns to neutral the servo valve bell
crank, pivoted off center con the rudder forward spar, closes the servo valve.
The centering spring has no effect during manual mode operation.

Mixer No., 1 performs the power trim and centering functions, It consists of a
double bell crank moving between two hell cranks piveted on the upper and lower
rlates of the control package. Mixer No. 1 controls the hydraulice gervo valve
through a push-pull rod connected to the servo wvalve bell cérank and ig, in turn,
controlled by the output of mixer No. 2.

Mixer No. 2 consists of three bell cranks. The center bell crank is slotted o
form a roller track and moves between two bell cranks pivoted on the upper and
lower plates of the control packege. The feel gystem connecting rod is attached
at the midpoint of the center bell crank. The pilot's input connecting rod is
attached at the LH end of the center bell crank. The effective pivot of the
center bell crank is determined by the position of the manual reversion (lock-
out) arm, the roller of which rides in the slotted track. The center bell
crank pivots on its right end during neormal mode operation and pivots at mid-
point during manual mode operation. In the normal mode of operation, the out-
put of mixer No, 2 is transmitied to mixer NHo. 1 through a connecting link. In
the manual mode of operaticn, the output of mixer No. 2 is transmitted through
push-pull rods to the flight tab bell crank.

The manual reversion mechanism controls the effective pivot point of the center
bell crank of mixer No. 2 according to whether or not adeguate hydraulic pres-
sure is available for normal mode of operation., The mechanism consists of twe
spring-loaded single-action hydraulic actuators {lock-out cylinders) and a lock-
out arm. A roller in the end of the arm rides in the slot in the center bell
crank of mixer No. 2. When avallable hydraulic pressure is not adequate for
rudder control, the control system is held in the manual mode by the return

Oct. 23/61
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springs in the lock-out cylinders and an over-center lock in the reversion
mechanism. A switch, actuated by the lock-out arm, causes a MANUAL MODE WARNING
light to illuminate on the flight engineer's panel when the rudder control sys-
tem ig in memual mode. When normal hydraulic pressure is eupplied to the rudder
control system, the lock-out cylinders are pressurized and extend to move the
lock-out arm over to the normsl mode position. The system will remain in normal
mode position as long as hydraulic pressure in either system remains above 1000
(+100) pei. If pressure in both hydraulic systems drops to below 1000 {(£100)
pei, the spring-loaded lock-out cylinders will retract and the rudder control
system will revert to manual mode of operation. When pressure in either hydrau-
lic system increases to more than 1700 (200} psi, the lock-out cylinders will
exteond and the rudder control system will return to the normal mode.

The rudder hydraulic servo control valve is installed In the aft end of the con-
trol package, Jjust forward of the rudder hinge line. The valve controls hydrau-
lic pressures up to 3000 psi from each of the airplane's two hydraulic systems.
Hydraulic pressure from the servo valve 1s routed to the four rudder actuating
cylinders, the lockout cylinders, and to low pressure warning switches. The
valve is actuated by the output from mixer No. 1 through a push-pull rod, the
valve control bell crank, and a link connecting the bell crank to the valve.

The valve comtrol bell crank is mounted off-center on the rudder forward spar,
so that movement of the rudder moves the bell crank plvot polnt forward or aft
to actuate the servo valve toward the closed position.

In the normal mode of operation the servo valve directs hydraulic pressure to
the pressure switches, the lock-out cylinders, and the rudder actuaters. I
hydraulic pressure falls to less than 1000 {(£100) psi in both hydraulic systems,
a "fuase" valve in the servo valve assembly opens and dumps pressure from
switches, lock-out cylinders, and rudder actuators. The hydraulic pressure
lines are closed by the pressure switches and solencid-operated shutcff valves.
The "fuse" valve remains in the open, or bypass, position until pressure in one
hydraulic system rises to more than 1700 (#200) psi. When this pressure is
reached, the "fuse" valve closes and the system changes over to the normal mode
of operation.

The flight tab bell crank is pivoted in the aft end of the control package. The
bell crank is comnected, by two push-pull rods, to the RH end of the center bell
crank of mixer No. 2. In normal operation, the position of the lock-out arm
prevents any fore and aft movement of the RH end of the mixer Wo. 2 bell crank
and the flight tab bell crank is effectively locked in neutral position. In
manusl mode operation, the lock-out arm roller is in the LH end of the slotted
track in the bell crank, the bell ecrank pivots on the roller, and the output of
mixer No. 2 is transmitted to the flight tab bell crank.

Rudder Hydraulie Actuating Cylinders

The rudder is actuated, in normsl mode of operation, by four identical hydrau-
lic actuating cylinders. Two of the actuating cylinders are installed near

rudder hinge number five and two are installed Just above rudder hinge number
three. The hydraulic servo control valve directs hydraulic system No. 1 pres-
sure to the upper right and lower left actuating cylinders. Hydraulic system

Oct, 23/61
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No. 2 pressure operates the upper left and lower right actuating cylinders.
When the airplane is on the ground with no pregsure in eithér hydraulic system,
the sctuating cylinders act as gust dampers and mechanical stops.

Rudder

The rudder includes & flight tab and a trim tab and is attached to the vertical
stabilizer by shear type bolts at six points (see Pigure 7-15). Balance cur-
taing are installed between the rudder leading edge and the vertical stabilizer.
These curtains reduce the rudder hinge moment and thereby assiet rudder movement
in the manual mode of operation.

Flight Tab
The flight tab extends nearly half the length of the rudder and is of all-
aluminum, sandwich-type constructicon. Four hinges are provided to attach the

flight tab to the rudder.

Rudder Hydraulic Control System

In the normal mode of operation, the rudder contrel system is powered by hy-
draulie systems No. 1 and No. 2. Hydraulic pressure is routed through a shut-
off valve in each system and then to the rudder servo control valve (see Figure
7-12). The servo control valve directs hydrsulic pressure from each hydraulic
system to one manual reverslon mechanism lock-out cylinder, one low pressure
warning swlteh, and two rudder hydreulic sctustors. Two high-pressure relief
valves and a normally-open sclencid cperated bypass shutoff valve are installed
in bypass peosition between the pressure and returan lines connecting the servo
valve and each pair of actuators. When pressure in the actuating cylinders
builds up to more than 1500 (£100) psi, the relief valves open to prevent fur-
ther build-up of pressure in the cylinders. If operated at normal operating
hydraulilc pressure of 3000 psi, the four rudder actuating cylinders would be
capable of inducing rudder deflections, at high airspeeds, beyond the structur-
al limits of the airplane.

On the ground, sufficient force is developed to fully deflect the rudder and
pressure builds up to more than 1500 psi only when the pistons bottom out in
the actuating cylinders. In the alr, aerodynamic forces tend to drive the
deflected rudder to streamline positlion. These forces, acting against the
pistons in the actusting cylinders, cause pressure in the cylinders to build
up to more than 1500 psi before the rudder is fully deflected, the relief
valves open to 1limit pressure, and the rudder can not be further deflected. As
alrspeed increases, aerodynamic forces increase and less rudder deflection is
cbtained before the relief valves open. This force limiting system restricts
the output of each pair of rudder actuators to one-half the output cobtalnable
at full hydraulic system pressure.

If one hydraulic system fails, the remaining system reverts to normsl pressure
operation and full control effectiveness is retained. The maximum sctuating
force applied at the rudder in either condition is within the structural limits
of the airplane.

Oct. 23/61
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Ruddey Warning System

The low pressure warning switch installed in each hydraulic system is normally
cloged and is actuated to the open position when hydraulic system pressure
reaches or exceeds 800 (£75) psi. The switch installed in hydraulic system

No. 1 is connected electrically to the bypass shut-off valve in system No. 2;
the switeh installed in systenm No. 2 is connecied to the valve in system No. 1
(see Figure T-lO). If hydraulic pressure in €ither hydraulle system falls to
less than 800 {(x75) psi, the low pressure warning switch in that system reverts
to the closed position. When the low pressure warning switch cleoses, 1t closes
the ecircuit to illuminate the applicable SYSTEM OFF light on the flight engi-
neer's panel and to energlze the bypass shut-off valve in the other hydraulic
system. The energized bypass valve is closed and allows no flow through the
bypass relief valves in the operating system so that full system pressure is
available to power the two rudder actuating cylinders in the operating hydrau-
lic system. Thus, full power is available for rudder operation even though two
rudder actuating cylinders are developing no power.

If a pressure switch closes due to loss of pressure in one hydraulic system
and the bypass valve does not close in the other system, a circuit is completed
through the switch and the valve to illuminate the LOW PQWER light cn the
flight engineer's panel. This light indicates that the rudder control system
is operating on half power since the bypass valve in the operating system did
not closge and the relief valves are stilll limiting the working pressure in the
cperating actuating cylinders.

When normal operating pressure in both hydravlic systems is regained, the
closed pressure switch opens, breaking the circuit energizing the bypass valve
in the other system, and the valve is allowed to open. The bypass relief
valves then limit the pressure availabie at all rudder actuating cylinders.

If & bypess valve doeg not open when its controlling pressure switeh opens, a
circuit is completed through s switch iIn the bypass valve and through the pres-
gure gwiteh which illuminates the EXCESS POWER light on the flight engineer's
panel. This light indicates that two rudder asctusting cylinders sre operating
at full power (3000 psi) and two sctuators are operating at half power (1500
psi). Operation of the rudder at high airspeeds under this condition could
result in damage to airplane structure.

If pressure drops to less than 1000 {(£100) psi in both hydraulic systems, the
lock-out cylinders, in the control package, retraci and the rudder system is

in manual mode of operation. When the control package reverts to manual mode,
the lock-out arm actuates the manual mode warning switch on the control package.
This completes a circult which illuminates the MANWNUAIL RUDDER MODE WARNWNING light
orn the flight engineer's panel.

If hydraulic pressure drops below 1000 psi in both hydraulic systems, spring-
loaded lock-cut cylinders in the manual reversicn mechanism are de-actuated and
rudder control is automatically switched to the manual mode. In the manual
mode, the lock-out arm actuates a3 switeh which illuminates the MANUAL MODE
WARNING light on the flight engineer's panel. Rudder pedal movement is then
transmitted mechanically to the flight tab. Aerodynamic forces acting con the
flight tab move the rudder in the opposite direction to that in which the

Cct. 23/61
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flight tab has been deflected. As the rudder moves away from neutral, anti-
serve action of the flight tab control linkage decreases the deflection of the
flight tab until the deflecting force of the flight tab 1s balanced by the
aercodynamic forces tending to streamline the rudder.

Autopilot

The sutopilot rudder servo cables are attached to the rudder control guadrant
in the vertiecal stabhilizer.

Rudder Trim System

Directional trim iz adjusted by a rudder trim knob on the pilots' pedestal

{see Figure 1). The trim knob is conneced by gears, cables, and push-pull rods
to the rudder trim tab and the hydrauliec servo control valve in the rudder con-
trol power package. A gear on the trim knob shaft drives the rudder trim indi-
cator while a hevel gear at the bottom of the shaft drives the forward trim
cgble drum. Two trim cables extend aft from the forward cable drum beneath the
cabin floor, through pressure seals, around pulleys, and up into the vertical
stabilizer where each cable joins a palr of cables to form two parallel cable
circuits. One pair of cables extend upward to the manusl mode trim Jack which
is commected by push-pull rods to the rudder trim tab. The other pair of
cables extend upward to the power mode trim Jack which is connected by levers
and a push-pull rod to the servo control valve in the power package.

In the power mode of operation, rotation of the trim knob to the right causes

a limited right rudder deflection by introducing a bies into the rudder con-
trols through a whiffletree linkage in the rudder control package. This causes
a shift from neutral in the rudder servo valve, resulting in a corresponding
rudder displacement for right rudder trim. The manual trim jack operates
similtaneously with the power trim Jack and the rudder trim tab is deflected to
the left (RE rotation of trim knob). Aerodynamic forces acting on the trim tab
assist in deflecting the rudder to the right.

In the manual mode of operation, the operation of the power trim Jack is in-
effective and rudder trim is effected solely by the acticn of the rudder trim
tab.

Rudder Trim and Trim Tab Travel

During power mode rudder operation, full travel of the rudder trim control knob
on the pilots' pedestal deflects the rudder 6—1/2 degrees left or right from
the streamline position and alsc moves the rudder trim tab 23 degrees from
streamline in the opposite direction. During manual operation, with no hydrau-
lic pressure, full travel of the rudder trim control knob will deflect the
rudder trim tab 23 degrees left or right from streamline.

Oct. 23/61
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TIAP CONTROL SYSTEM

Twe double-slotted, Fowler-type flaps are installed in the trailing edge of
each wing, one inboard and one ocutboard of the aileron. The flaps are so de-
signed as to provide low—drag/high—lift when pertially extended, and high-lift/
high-drag when fully extended. Consult the Airplane Flight Mesnual for maximum
alrspeeds at different flap settings.

The flaps are powered by two hydraulic flap motors, each driven by a separate

hydraulic system. Both flap motors are mounted on a central drive gearbox and
are connected by a gear train with the torque tubes which extend outboard into
the wings aft of the rear spars. Screw Jack zctuators, each containing s set

of bevel gears and an irreversible clutch, connect the torgue tubes to the in-
dividual Jack screws. Flow of hydraulic fluid to the flap motors is repulated
by a dusl three-way selector valve (see Figure 7—16).

A FLAP POWER SELECT switch &t the front of the pilots' overhead switch panel
can be positioned to operate the flaps on either the Ho. 1 or No. 2 hydraulic
system. When the switch is in NORM position, the flap phase valve in the No. 2
hydraulic system is energized contlnuously to the closed pesgition and the flaps
cperate on the No. 1 hydraulic system only. If the No. 1 system should mal-
funetion, the switeh is placed in EMER position, and the No. 2 hydraulic power
syetem will operate the flaps.

Flap Test Switch

Actuating a FIAP ASYMMETRY TEST switch on the pilots' pedestal to the TEST
pesition 1lluminates a FLAP ABYM light on the pilots' instrument panel if the
asymmetry switches are functiening properly. Placing the switch to the REL
TEST position illuminates the FLAP ASYM light if the flap asymmetry control
relay sclenoid eircuit is cperating satisfactorily.

Flap Warning Horn and Lights

A warning horn will sound if takeoff is sttempted and the flaps sre not in one
of the proper takeoff position detents. The horn will alsc sound if the flaps
are lowered past approximately M4 degrees and the landing gesrs are not dowm
and locked.

FPour flap position vs airspeed switches are provided in the flap eircuitry.
These switches combine to illuminate a light on the pileots' instrument panel
when the flap setting exceeds the extension permitting for the existing air-
speed.

Flap Asymmetrical Shutoff Switch

An asymmetric unit is installed at the outhcard support of the ocutboard screw-
Jack gear box in each wing. An asymmetrical shutoff switch is a part of each
of these units. The units are electrically interconnected, and connected to,
the flap phase valves through the flap asymmetrieal control relay (see Figure
7-17). Each asymmetrical switch has three cams which are geared to the flap
high-speed torque tube drive. Each cam has three lobes, the high point of

Oct. 23/61
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each lobe ig 124 degrees apart. Fach cam moves a roller actuator to make
contact with a stationary contact point. Under normal conditions, the flaps
are in symmetry and there is no electric power at the operating flap thase
valve. Any condition that causes the flaps to be out of symmeilry by 2 degrees
will cause one cam of each asymmetrical switch to move its roller actuator.
When contacts are mede simultanecusly at the proper points, a circult 1ls com-
pleted from the 28-volt dc emergency bus through the two asymmetrical switches
and the control relay to the solencid of the operating flap phase valve. The
solenoid then closes the valve, shutting off hydraulilc pressure to the flap
motor on the main drive gearbox. Flap movement is thus stopped immediately.

Flap Position Indicators

A dual-reading flap position indicator is installed on the center instrument
panel in the flight compartment. Two position transmitters are provided, one
on each outhoard end of the left and right outboard flap. Two indicating
needles are used on the indicator: a broad red nesdle for the right-hand flap
and & narrow white needle for the left-hand flap. The red needle is directly
behind the while needle. When the flaps are moving in unison, a single white
pointer with a red outline is shown. However, if a split-flap (asymmetrical)
condition develops, the two needles separate and two white pointers are shown.
The dial is calibrated in ten degree increments.

A flap position scale marked off in ten degree increments is located adjacent
to the flap control lever on the pilots' padestal.

WING IEADING FDGE SLATS AND KREUGER FIAPS

Four leading edge slais are mounted on each wing of the airplane, two located
between the two engine pylons and two outbeard of the ocutboard engine pylon.
Tach slat is supported by two curved tracks attached fo the slat structure.
The tracks glide fore and aft on roller-equipped supports mounted on the wing
leading edge structure (see Figure 7-18).

Three Kreuger type flaps are mounted on the lower side of each wing leading
edge between the Tuselage and the inboard engine. The flaps are hinged at
their leading edges and are designed to hinge down and forward. The inboard
flap (No. 1) is supported by three double hinges; the intermediate flap (No. 2)
by two double and three single hinges; the outbecard flap (No. 3) by one double
and two gingle hinges.

The slats and Kreugers are extended and retracted by screw Jacks actuated by

a torgue tube in each wing connected to a common maln drive gearbox driven by
two hydrsulic motors. Each motor is powered by an independent hydraulic sys-
tem. PRach slat and Kreugers is actuated by two screw Jjacks through recirculat-
ing ball bearing ball nuts which are attached to the slat and Kreugers
structure and extend or retract the unmits when the Jack screws are rotated.
Fach screw jack gearbox contains an overload clutch to protect the structure
and a "no back" device to prevent air loads from extending or retracting the
elats and Kreugers.

Oct. 23/61
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Plow of hydraulic fluid to the hydraulic slat motors is regulated by a dual
three-~way valve connected mechanically to the flap control lever on the pilots’
pedestal through a followup linkage and a loop of the same cable system that
actuates the flaps. The valve is closed by the followup linkage when the slais
reach the fully extended or retracted position. Eighty turns of the torgque
tubes correspond to full slat travel of 15 degrees.

The position of the slats and Kreugers is indicated by two amber STATS IN-
TRANSIT and two green SIATS EXTEND lights on the center instrument panel. Each
light indicates the position of the slats and Kreugers in one of the wings.

The slats and Kreugers cannot be set in an intermediate position; when actuated,
they move to either the fully extended or fully retracted position. When the
flap control lever is moved aft from the O-degree detent, the slats and Kreugers
begin to extend when the flap lever passes the position corresponding to a flap
extension of approximately © degrees. They begin to retract when the flap con-
trol lever is advanced through the 20-degree flap positicon.

In the retracted position, the slats and Kreugers complete the contour of the
wing leading edge; when extended, they deflect the airflow over the upper sur-
face of the wing permitting the airplane to fly at a higher angle of attack and
lower airspeed without stalling. The leading edge of each slat is protected
against icing by heated air from a telescoping tube connected to the main hov
air duct in the leading edge of the wing.

S8lat and Kreuger Position Lights

The slats and Kreugers have only two positioms - fully extended or fully re-
tracted. Four lights on the center instrument penel, with an amber and s green
light for the slats and Kreugers on each wing, indicate position. An amber
STATS INTRANSIT light illuminates when any of the sglats or Kreugers on the cor-
responding wing move away Irom the retracted position. A green SLATS EXTEND
light illuminates when all the slats and Kreugers on the corresponding wing are
fully extended (see Figure 7-19).

CONTROL SURFACE GUST DAMPERS

Gust dampers provide control surface gust protectlion for the ailerons and
elevators when the airplane is on the ground. The dampers are self comtained
units and are not connected to the airplane hydraulic system (see Figure 7-20).
The dampers are permanently ingtalled and are designed so that damping rates do
not effect normal flight movements of the control surfaces.

Gust Damper Locaticns

There are Tour gust dampers installed con the airplane as follows:

1. Two elevator gust dampers are located at the inboard trailing edge of the
horizontal stabilizer at BL 39.37.

2. Two aileron gust dampers are located in the wing trailing edge Just inboard

of the aileron hinge at station 25G.3.

Oct. 23/61
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MACH/ATRSPEED NEVER EXCEED WARNING SYSTEM

When the airplane is approaching the maximum allowable Mach or maximum allow-
able indicated airspeed, a warning bell (to the left and forward of the pilot's
seat) rings intermittently. This system is commonly referred to as Vyg-Myg for
velocity never exceed and Mach never exceed. The system consists of an aneroid
Maeh/airspeed switch, an interrupter relay, a test switch, and the warning bell
(see Figure 7-21). When near maximum Mach or near meximum indicated airspeed
is reached, a pressure switch in the lower right-hand electrical compartment 1s
actuated to complete a circult from the 2B8-volt dc emergency bus to the relay
ceoil in the pressure switch. The energized relay closes double contacts to
route the current through the interrupter relay and on to the bell. The system
is interconnected with the ASB fuel level and speed warning systems.

The system can be tested by momentarily depressing the Vyg-Myg WARN TEST push-
button located on the pilot's instrument panel. The bell will ring 1f the
circuit is operating properly.

Oct. 23/61
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SPERRY SP-30 AUTOPILOT

AUTOPILOT SYSTEM

The Sperry SP-30 autopilot system controls the airplane in flight in two modes
of operation: autopilot and yew demper. The autopilot automatically controls
the airplane in all three axes when the servos engage lever of the control
panel is engaged in AUTOPILOT position. The autopilot controls only the rudder
when the servos engage lever is engaged in the YAW DAMPER position.

In sutopilot mode the SP-30 maintains the airplane in level flight on magnetic
headings; turns the airplane to preset magnetic headings, to preselected omni-
range radials, or to localizer courses; maintains the airplane at constant
pressure altitudes; and makes automatic ILS approaches. Turn and pitch signals
can be inserted by the pilots to control the airplane automatically to bank
angles up to 35 degrees and to pitch attitudes up to 15 degrees. The auto-
pilot system can be engaged in any attitude within these limits.

Automatic piteh trim compensates for loading changes caused by fuel consumption,
passenger movements, and alr gusts. Six accelerometers, two in each of the
three axes, sense rate of change of direction; the directional gyroc of the re-
mote compass system provides stabilized reference heading gignals; and the ver-
tical gyro provides reference attitude signals. Signals from these sources,
turn and pitch signals inserted by the pilots at the corntrol panel, and signals
from the radio navigation systems are processed in the flight control computer
and the stabilization computer. Amplifiers in the stabilization computer ralise
the signals to power levels adequate 1O drive the rudder, aileron, and elevator
servos. The servos control flight by positioning the Tlight tabs on the con-
trol surfaces.

Switches and controls on the control panel engage the autopilot gystem, insert
turn and pitch signals, and select the modes of operation. A light on the con-
trol panel and a light on the trim indicator warn of autopilot disengagement

or faulty operation. Figure 8-1 illustrates all the antopilot components and
Figure §-2 shows the loeatien of autopilot components. An airspeed torgue
limiting system reduces elevator gain in the higher speed ranges since less
elevator control surface movement is needed at the higher ailrspeeds.

Tnterlock protection of all essential functions required for safe and reliable
system operation is provided. All interlocks must be satisfied prior to en-
gagement or the system will not engage. The opening of an interlock while en-
gaged will disengage the autopilot system.

AUTOPILOT CONTROL SYSTEM

Control of the asubtopilot system is accomplished by the pilot or copllot from
the AUTOMATIC PILOT control panel mounted on the pilots' pedestal (see Figure
8-3). Prior to in-flight engagement, the airplane should be in trim position.
When making system checks on the ground, the controls must be placed in a neu-
tral position. The display bars on the three-axis trim indicator should be in
the cepter alignment pesitions before the autopilot 1is engaged. The controls
for mode switehing, turn and pitch maneuvering and engage switching are mounted

Oct. 23/61
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on the face of the panel. The three-axis trim indicator, with its three warn-
ing lights (AUTO PILOT OFF, GLIDE PATH ARMED and AUTO TRIM OFF) is located on
the pilot's instrument panel. The alrspeed torque warning light is located ad-
Jjacent to the three axis iandicator (see Figure 8-L4).

Altitude Hold Switch

This switeh is held to the ALT HOLD (altitude hold) position by a solenoid while
the autopilot system is engaged. When this switeh is actuated to ALT HOLD posi-
tion, the airplane holds, or returns to and maintains, the pressure altitude it
had when the switch was engaged. When the autopilot disengages or when the glide
slope path beam is captured, the sltitude hold switch automatically returns to
the off position.

Pitch Knob

The PITCH knob controls the rate of change of pitch, either UP or DOWN. Actu-
ating the pitch knob Trom detent position changes the position of the wiper of
8 pitch signal potentiometer and closes a pitch knob detent switch through
whese contacts the new pitch gsignal is introduced into the autopilot system.
The pitch knob must be held until the desired new pitch attitude is attained.
When the pitch knob is released, spring loading returns the pitch knob to de-
tent position and the potentiometer wiper to neutral position; and the detent
switch opens to eut off pitch signal input. When the autopilot is initially
engaged, therefore, or if the autopilot is disengaged and then reengaged, the
autopilot maintains the airplane in the pitch attitude it has upon engagement.
In flight, the pitch knob can control pitch attitude to *15 degrees.

Electrical interlocks give the pitch knob priority over altitude hold and glide
path mode engagement. If the pitch knob is actuated, these selectlons are can-
celled; the ALT HOLD switch returns to OFF position and the TURN SELECTOR switch
returns to the TURN KNOB position.

Turn Knob

The TURN knob is directly connected to the wiper of the bank signal potenti-
ometer, but this control is not spring loaded to detent position and must be
returned to detent position manually. The turn krob inserts a bank signal
through a detent switch thaet closes when the turn knob is rotated from detent
position. Large heading changes are made with the turn knob. Small heading
changes are usually made by changes in the heading preselected on the radio
megnetic direction indicator. After the airplane is turned to a new heading
by the turn knob, the knob must be returned manuslly to detent position.

Zerves Engsge Lever

This control, called the SERVOS engage lever, engages the autopilot in yaw
damper or autopilot mode of operation. The engage lever is golenoid held to
both engsge positions. The autopilot can be disengaged by moving the servos
engage lever to OFF position from elther AUTOPILOT or YAW DAMPER position. The
lever automatically returns to YAW DAMPER or OFF positicon 1f the autopilot sys-
tem sutomatically disengages, and to OFF position if a control wheel autopilot
releasge switeh is pressed.

Oct. 23/61
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AUTOPILOT mode gives full autopilot control of the sirplane in all three axes.
YAW DAMPER mode augments stability in the yaw axis. Either pilot can cverpower
the autopilot in either mode of operation.

Turn Selector Switch

This four-position rotary switch selects the mode of operation after autopilot
engagement. The switch is spring-loaded to TURN KNOB position and automati-
cally returns to this position 1f the autopilot disengages automatically or is
disengaged intentionally. TURN KNOB mode is linked to the magnetic heading of
the airplane: directional gyro Imput to the autopilot maintains the airplane

on a constant heading. HDG SEL mode causes the airplane to turn to a8 heading
preset on the radio magnetic direction indicator. LOC-VOR mode selection
causes the airplane to turn to a desired VOR radial, preselected on the picto-
rial deviation indicator, or to a localizer beam, when the VHF navigation sys-
tem receiver is tuned to an omnirange station or te an ILS frequency channel.
GLIDE PATH mode enables the airplane to capture and track a glide slope rath
beam, when the glide slope system recelver is tuned to an ILS fregquency channel.
The GLIDE SLOPE ARMED warning light on the autopillot trim indicator lights when
the TURN SELECTOR knob is actuated to GLIDE PATH position. The warning light
extinguishes when the airplane intercepts the glide slope beam and begins auto-
matic descent along the glide slope path.

Manual Take-QOver Procedure

At any time that manual control of the ailrplane is desired, the autopilot dis-
engage switch on either control wheel may be pressed. This switch returns the
sirplane to manual pilot control, in a trim condition, by disengaging the auto-
pilot system.

CAUTION: DO NOT DISENGAGE THE AUTOPILOT UNLESS THE ATRPLANE IS IN TRIM.
FATILURE TQ HAVE THE AIRPLANE IN A TRIM CONDITION CAN RESULT IN
UNDUE MOVEMENT OF THE CONTROL SURFACES.

YAW DAMPER SYSTEM CPERATION

The yaw damper system augments alrplane stabllity in yaw during manusl control.
Placing the autopilot servos lever in yaw damper position engages the yaw
damper system. Only the rudder is placed under autcmatic control; elevators
and aileron conmbrols are not affected. Pilots can override the automatic rud-
der funchtion by applying sufficient force on the applicable rudder pedal. The
yaw damper system is disengaged by pressing the autopilot disengage switch on
either control wheel. This will asutomatically return the sexrvos lever to the
OFF position. Manually moving the lever to the OFF position will slso, of
course, disengage the ysw damper.

THREE AXIS TRIM INDICATOR

The autopilot three-axis trim indicator 1s located on the pileot's instrument
panel (see Figure 8-4). The rudder, aileron, and elevator trim indicators are
actuated by meter movements connected in parallel with the field windings of
the gervo motors. When the servo amplifiers supply voltage to drive the servo

Oct. 23/61
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motors, the trim meters deflect in the direction of the trim needed, and by
smounts proportional to servo amplifier output. The trim meters show servo trim
condition whether the autepilot is engaged or not, if the autopilot circuit
breakers are closed. Trim meter signals are attenusted as a function of air-
speed. The trim meters do not show alrplane attitude or control surface posi-
tion. Out-of-trim indications mean that servo amplifiers are supplying power,
and that autopilot engagement may cause bumps or transients.

The red AUTOPILOT OFF light illuminates when the autopilot disengages because
of malfunction or electrical power loss. The AUTOPILOT RESET light on the con-
trol panel is paralleled with the AUTOPILOT OFF light, and both light together.
They can both be extinguished by pressing the reset light on the control panel.
The amber GLIDE PATH ARMED light illuminates when the GLIDE PATH mode of oper-
ation is selected on the contrsl panel. This light extinguishes when the air-
plage intercepts snd captures the glide slope path beam of an 118 station. The
amber AUTO TRIM OFF light illuminates when the elevators remain out of trim
over a period longer than five seconds. This light warns the pilet of possible
malfunction that may reguire manual contrcol of the airplane.

The GLIDE PATH ARMED and the AUTO TRIM OFF warning lights are energized through
a dimming relay box of the master warning light system. The AUTOPILOT OFF
warning light end the AUTOPILOT RESET light are energized through another dim-
ming relay box. Thus the autopilot system warning lights are dimmed at the
same time as other warning lights, to adjust warning light brilliance to the
brightness of the flight compartment lighting.

ATRSPEED TORQUE LIMITING SYSTEM

The airspeed torque-limiting switch and indicator assembly comprises two pres-
sure switches, two relays, a sale alrspeed mode indicetor, a test switch, and
a warning light (see Figure 8-5). This system has the following functions:

1. It limits sutopilot system control of the airplane in the pitch axis so
that the autopilot cannot insert pitch rate-of-change signals that make
the airplane exceed "G" limits.

2. It lights the autopilot excess torgue warning light if the torgue limit-
ing system malfunctions. The light warns that high gain of the auto-
pilot is applying high torque to the elevators in the high airspeed
range, where only low torque should be applied. The light thus essen-
tially warns of the danger of overcontrol by the autopilot.

3. The safe airspeed mode indicator shows whether high or low torgue at-
tenuation is applied to the elevator servo amplifier.

4. The test switch makes a ground test to ensure that the assembly is
functioning correctly.

Two pressure switches sense a differential between pitot and statlc pressures
end control the 250 KIAS and the 260 KIAS relays. The 250 KIAS relay 1s lo-
cated in the electronic compartment. The 260 KTAS relay assembly, part of the
stebilizer trim rate system, is located in the electrical compartment. The
pressure switches close their switch contacts below 250 and 260 knots indicated

Oct. 23/61
8-8 K




CONVAIR MODEL &

OPERATION MANUAL

1"SE0°TT TO OE

¥ILNdWOD NOILYZITIEVLS 431NdWOD TOY¥INOD LHOIH
= 9 'Vl
a3IsnINn LT
20 ASZ SAVI3H
(LAdNI ¥3IMOd) R
$INIWY 5201 T O =
»w_mu OA¥3S JOVIANI | ¢ B
et YOIvYAIH 10M401NY
= | oEL
8 v & | oNLwn
i oELY v | 3nowoL
ONILIWI
aasmd IN0UOL U\V\O o}
20 pST <] 9 i
£ 5
0L 8l 51 w“ 9 £9 £L vL 9
00817 Q oosir ¢ Q ol Q Losir <ha i
5,101
IV ASLL
LONdoLNY
mxm p
hﬂwl z
) SIOVEIIWY ¥INVI¥E LINDHID ONY 3snd
¥O4 TVNYW WY¥OVIQ ONIMIM Ol 33434
‘310N
SZAD HONOWHL 1AD |
SINV1ddIY OL 318VIITddY
ALIAILD3443
= =
n n A 1 H ra 8 v (R A
perdl| | 28 {1
o o O
1H9I b — JOLVYIIANI
£ ‘ON ONINIVM hmw_h_ __oxzpwﬁ 3a0wW
X089 AV13d InddolL a3adsily SYIN 092
ONIWWIQ $530X3 34vS ‘HOSN3S Q33dSHIV HOVW

Airspeed Torgque-Limiting System

5
@

Schematic - Typical

Oct. 23/61

K

Figure 8-5



CONVAIR MODEL ab.

OPERATION MANUAL

airspeed. On the ground, therefore, with electrical power on the airplane and
the autopilot system and stebilizer trim system circult breakers closed, both
relays energize. As a result, the airspeed torque limiting system is switched
to the low-sirspeed high-torque range. Since the 260 KIAS relay opens the 28-
volt de circuit to the autopilot excess torque warning light in the low-air-
speed range, the warning light cannot light.

The 250 KIAS switch opens at 250 +5 knots IAS. As long as the switch is closed,
the autopilot gain attenuation is set for the low-alrspeed high-torque range.
Above 250 KIAS the pressure switch opens and switches autopilot gain in the
elevator channel to the low-torgque range. Decreased elevator surface movement
is needed at high airspeeds; asnd decreased auntopilot gain decreases elevator
movement .

Electrical power from the 28-volt de power supply of the autopilot system ener-
gizes the 250 KIAS relay through a set of its own contacts. If this electrical
power is lost, the relay deenergizes and automatically switches autopilot gain

to the low-torque range, a Tail-safe feature.

AUTOPILOT ELECTRICAL POWER SOURCES

The autopilot system converts airplane electrical power to various ac and dc
voltages for autopilot use. Primary power is from the ac essential bus system.
Warning lights are supplied from the 28-volt dc system. For detailed circuit
information and eircuit protection means, consult the WIRING DIAGRAM MANUAL
and Chapter 22 of the MAINTENAWCE MANUAL.

Qet. 23/61
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ENGINES

Propulsion power is provided by four pod-mounted General Electric CJ805-23
axial-flow aft fan turbojet engines. Each complete engine weighs approximately
4335 pounds (including thrust reverser) and 1s rated in the 16,000 pound thrust
class. Bpecial features of the engine inelude: One major rotating compressor-
turbine element, a canular type combustion system, a three stage turbine rotor,
variable compressor starter blades and inlet gulde vanes, and one ait fan free
floating compressor turbine air bypass elemsnt (see Figures 9-1, 9-2 and §-3).
A thrust reverser mounted on the rear frame of the aft fan is utilized as an
additional braking device during the landing rcll of the airplane. Performance
characteristice of the aft fan and engine exhaust area eliminate the require-
ment for a sound suppressor.

ENGINE DATA

Model Humber. . veveeenasaranonsrnnes e CIBO5-23

Stages of Compression. cv i io s eronvarersseesns 17

Compression Ratioc (basic engine) ................ 13 = 1

Compression Ratio (aft fan)....ieveeinnsn veesean 1B 1 1

O T Recirculation Type
Ignition System (dual)...... Pt e e e e Capacltor-Discharge Type
Anti-Teing System...ovrisienrnnnnrocnvas Veaneses Bleed Air

Engine Speed Indicating......... e ceesersnre Tach-Generator & Indicator
AT Fan Speed Indicating..vvivevereernans enean Tach-Generator & Indicator
Exhaust Gas Temperature Indicating {EGT)...... .. Thermocouples-to-Indicator

ERGINE OPERATING CONTROLS

The engine control system consists of a power control lever, a thrust reverse
lever, and a Tuel shutoff lever for each engine. All controls are mounted on
the pilot's pedestal. Individual thrust reverse levers, in the form of an "L",
are attached to and forward of the power control lever assemblies between the
power control lever handles and the pedestal cover. The thrust reverse lsvers
cannot be used until the power control levers are in the IDLE position (see
Figure 9-4).

Power Control lLevers

The posltion of the power control levers during takeoff, cruise and landing,

is directly related 40 the engine fuel scheduling and affects the percent rpm.
The power control lever guadrants are marked IDLE POWER and TAKEOFF FPOWER.

Cams in the pawer control lever mechanlsms actuate microswitches to give
warning by horn if the flaps, stabilizer trim and landing gear are not in their
correct positions at critical times during takeoff and landing.

Oct. 23/61
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. Fuel Shutoff Levers

The fuel shutoff levers open the fuel control valves in the fuel control unit
and also sctuate the englne ignition switches to the "on" position. When the
engine speed reaches 47% (3500 rpm), the ignition switch circuit is automat-
ically opened and the starter is disengaged. Tae fuel shutoff lever guadrants
are marked OFF and RUN. The fuel shutoff lever must be pulled cutward slightly
to releace from the OFF position. A similar index is used at RUN positicn.

Thrust Reverse Levers

The short side of the "L" shaped thrust reverse laver is attached to, and has
its pivot point on, the upper section of each power control lever. The thrust
reverse levers are locked against operation until the power control levers are
in idle position. With the power control lever in idle position, the thrust
reverse levers can be moved up and aft. This movement initiates the thrust
reverser "clam shell" action and applies increasing engine thrust as lever
movement is continued. A "lock-ocut' safety fesature prevents thrust application
in the reverse mode on any engine whose thrust reverser system has failed.

ENGINE ATR SYSTEMS

For purposes of operational information, the air streams can be separated as

follows: basic engine air, turbine cooling air, sump pressurizing air system,

fuel heater air, anti-icing air system, engine cooling air system and the en-
. gine air inlet vortex destroyer (see Figure 9-5).

Basic Engine Alr

Air enters the engine at the front frame and passes through seventeen stages of
compressor rotor blades and compressor stator vanes. Each stage of hlades com-
presses the air, but not in equal proportions. The exit passages from the com-
pressor section are designed to control the velocity of the air as it enters
the combustion section.

The inlet guide vanes and the first six stages of stator vanes are automati-
cally varied, These variable vanes enable the engine to be accelerated and
decelerated rapidly without stalling, and to maintain high performance
characteristics throughout its operating range.

Air from the compressor section flows into the combustion section. A portion
of this air is mixed with fuel and burned. Toe remalining air blankets the
immer and oubter casings to provide neceesary cooling. The burning of the
fuel-alr mixture in the liners produces exhaust gases of high velocity. These
exhsust gases pass through the transition liners where they are transformed
from ten individual sbreams into a single anmular flow. The first stage turbine
nozzle then directs the exhaust onto the first stage turbine buckets in the
turbine section at the proper angle. The turbine section extracts power from
the gas stream to drive the compressor rotor and the various engine mounted
accessories. This sechbion consists of the turbine rotor, connected to the
compressor rotor, the turbine stators and the turbine frame which is bolted to
. the ouher combustion casing. As the gag atream flows into the turbine section,

Oct. 23/61
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it strikes the first stage turbine rotor blades. It then contimues on through
the three states of rotor blades and turbine stator nozzle guide vanes., Power
imparted to the turbine rotor turns the compressor rotor and accessory drives.
The gas stream then flows into the aft fan turbine section. A small portion of
the basic engine exhaust gas flows past the fan rotor seals and into the inner
ares between the fan front frame and fan rear frame. The alr flows from this
area out through the struts of the fan rear frame and into a hat section
(manifold) around the circumfarence of the frame. This alr serves a heating
function in order to decrease thermal stresses in the frame.

ATt Fan

The aft fan assembly is bolted to the sngine turbine stator casing rear flange.
It comsists of a single stage free~flcating rotor, which is part compressor
and part turbine; and a front and rear frame incorporating concentric amnular-
flow passages. The fan 15 aerodynamically linked with the engine turbine com-
pressoy element and has a speed directly related to that of the engine. Gases
from the engine turbine flow into the inner passage of the fan front frame and
through the partitions of the fan turbine nozzle. The nozzle diverts the gases
at the corrsct angle of attack towards the fan turbine blades. The gases
impart energy to the turbine and pass into the exhaust section. Secondary air
ducted through the nacelle passes into the outer section of the fan front
frame and is compressed by the fan compressor blades. The compressed alr then
passes through outlet guide vanes to the exhanst section of the fan.

Thrust Reverser

The thrust reverser provides a means of changing the direction of exhaust gas
thrust, to create a reverse thrust braking effect, thereby reducing the length
of the airplane landing roll after "touchdown". With the reverser in the
stowed, or forward thrust position, the exhaust gases flow aft through the re-
verser section. With the reverser in the reverse thrust position, the gas flow
ig diverted and discharged from the engine in a forward direction. (See Figure
9-6.) The thrust reverser actuating system is hydraulic, utilizing oil from
the CSD section of the oil reservoir. For operaticnal details, consult Sectlon
11, OIL SYSTEM.

Turbine Cooling Air

The air used to coal the turbine section components is cool only in comparison
with the temperature in the turbine secticn. The paths which this cooling air
takes in the process of cooling the turbine section are as follows: Seventh
and ninth stage air, bled internally from the compressor rotor, travels through
the inside of the turbine shaft, is directed across each intermal face of the
wheals by baffles and is discharged into the turbine frame through the stub
shaft. Cooling alr from the combustion section takes three paths into the
turbine section. The outer layer of the combustion cooling air is divided.
Part is directed through the first stage turbine nozzle partition and part is
dirscted through the second stage partitions, cooling the rear face of the
first stage wheel. The imner layer of combustion cooling air 1s bled into the
area between the inner combustion casing and the turbine shaft through holes
in the inner casing. This air is allowed to discharge at the First stage

Oct. 23/61
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turbine wheel and acts as a coolant for the forward face of the first stage
wheel. The No. 3 bearing air seal leakage passes by a baffle in the turbine
frame and is then discharged into the exhaust gases. In taking this path it
cools the aft face of the third stage turbine wheel and buckets.

Sump Pressurizing Air

The sump pressurizing air system (described in detail in Section 11, OIL SYS-
TEM) serves a two-fold purpose; it prevents oil leakage past the oil seals and
keeps a positive pressure in the sumips. The alr system is divided into two
parts: high-pressure supply to the No. 1, No. 2, No. 3, No. It and No. 5
bearing areas enclosing the sump; and low-pressure control within the No. 1,
No. 2, No. 3, No. 4 and No. 5 bearing sumps, the accessory gearboxes and the
cil tank.

Fuel-Heating Air

The fuel-heating air system 1s az means of preventing ice forming in the fuel
filter. S:=venteenth stage compressor bleed air is taken from the compressor
rear frame and routed through a manifold to the fuel heater, an alr-to-liquid
type heat exchanger. The heater includes an autematic alr shutoff valve which
controls the flow of air as a function of heater discharge fuel temperature.

Engine Anti-Tcing Alr

The engine anti-icing system prevents accumulation of ice in the compressor in-
let. Anti-icing is accomplished by passing seventeenth stage compressor dis-
charge air from the compressor rear freme through a valve to the front frame
struts and inlet guide vanes by means of a manifold. Specifically, the system
anti-ices the compressor front frame hub, bullet, and struts, the inlet guide
vanes and the nose cowl inlet air lip and the fan front frame struts (see
Figure 9-7). The system can be controlled manually by the crew or can be
connected to the airplane ice-gensing system for automatic operstion.

Engine Cooling Alr System

Tne engine and accessory cooling system consists of the engine accessory com-
partment cooling air inlet and distribution duct, generator cooling duct,
generator cooling air entrance and exit duct, engine accessory compartment,
cooling air exit duct, engine turbine compartment and aft fan cooling inlet
and distribution ducts and exit, leakage air manifold and exits and the main
engine mount heat shield. The cooling system and figuration eliminates the
reverse flow of air from the engine compartment areas back into the engine
inlet duct, and provides adequete cooling with minimum drag losses for all
airplene operational conditions. Cooling air asirscoops are so located that a
fire cannot enter from sny other pod compartment or from any part of the air-
plane (see Figure 9-8).

Oct. 23/61
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Fagine Air Inlet Vortex Destroyer

A jet air blast nozzle is installed in the lower leading edge of the nose cowl.
The jet blast airstream is directed downward from the nose cowl to the ground
at the vortex base of the suction pressure that is generated between the ground
and the engine air inlet during engine ground operation. The function of the
jet blast is to "break-up" forces that occur when a vortex forms, thereby
minimizing ingestion of foreign material into the engine during ground engine
operation. The jet blast system uses engine bleed air for its pressure source
and ie controlled by an automatic shutoff valve located in the engine accessory
section {5 o'clock position just forward of the firewall). The shutoff valve 1s
connected to a landing gear switch to prevent vortex destroyer operation while
alrborne.

JGNITION AND STARTING SYSTEM

The ignition ecircuit provides the spark necessary to ignite the fuel-air mix-
ture in the combustion section of each engine. Once lgnited, the fuel-air
mixture continues to burn; therefore, it is necessary to power the ignition
circuit only during the engine starting period. The ignition circuit consists
of two high energy ignition systems, each system having its own lead, voltage
booster and ignitor plug. Ground engine starting is accomplished through the
use of individual air turbine starting units on each engine (see Figure 9~9).
The starter assembly for each engine is attached to a mounting pad on the
transfer gearbox; the gear ratic between the engine rotor and the starter
spline is one-to-ome., Each starter incorporates an engaging mechanism to per-
mit automatic engagement and disengagement with the engine, a turbine chamber
which houses the turbine blades, and a radial air inlet nozzle. Equipment built
intoc the starter control valves prevents overspeeding of theilr turblne wheels
when the starters disengage from the engine at starter cutoff speed.

If, through incorrect fuel management, all four engines simultanecusly Ilame
out, they may be restarted by using the emergency inverter. This inverter re-
celves its power from the emergency battery. Two engines can be started
gimzltaneously 1f desired.

Ignition and Starting Contrcls

The ignition and starting controls consists of one TGN SEL switch and four
GROUND/FLIGHT starter switches. All of these switches are located on the
pilot's overhead switch panel.

Ignition Selector Switch

The TGN SEL switch is located on the ENGINE STARTER switch panel and enables
the pilot to select SYS NO. 1, SYS NO. 2, or BOTH. The BOTH position is
operative only on the ground. In flight, one system only will be operating,
even though selection to BOTH is made.

Oct. 23/61
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Ground-Flight Starter Switches

A ground air connection ig loecated on the right underside of the fuselage near
the wing front spar. This connection is used to supply air from a ground
source through the airplane crossover bleed system manifold to start any engine
or engines.

The four ground-flight starter switches are three position, GROUND-{off)-
FLIGHT toggle switches, In GROUND position, the switch energizes an ac operated
relay that completes its circult through a centrifugal cutout switch operated
by the air-turbine starter. This ac operated relay actuates the air starter
control valve, supplying air to the air-turbine starter. At the same time,
this switch makes 115.volt ac power available to the ignition switeh operated
by the fuel shutoff lever. The 1l5-volt ac power continues through the fuel
shutoff lever controlled switch, when in RUN position, to the NO. 1, NHO. 2, or
BOTH ignition systems, depending on the position of the ignition system
gelector switch. In FLIGHT position, the air-turbine starter and the BOTH
ignition selection are inoperative.

ENGINE INSTRUMENTS

The various engine operation indicating systems are installed on the pilots'
engine instrument panel and the flight engineer's panel. Engine anti-icing and
bleed alr controls gnd indleators are located in the pillots' overhead switch
panel. FBngine indicating systems are:

Basic engine speed indicating system (RPM).

Aft fan speed indicating system (REM).

Fngine pressure ratio indicating system (EPR).

Exhaust gas temperatureé indicating system (EGT).

0il system indicating systems: (see Section 11, OIL SYSTEM).
A, Cil quantity indicating system.

B, 0il temperature indicating system.

C. 0Qil pressure indicating system.

D, 0il low-pressure warning light system.

6. Fuel indicating systems: (see Section 10, FUEL SYSTEM).
A. TFuel flow indicating system.

B, Fuel temperature indicating system.

C. Fuel pump low-pressure warning light system.

A Sl VI b R

NOTE: Airplanes CV26 and ON are equipped with Fuel
Flow/Consumed totalizers.

T. Thrust reverser position indicating system.

Oct. 23/61
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Baslc Engine Speed Indicating System

The engine speed indicating system congists of the tachometer generator and an
indicator for each engine. The generator is driven through a gearbox and gen-
erates its own voliage for operaticn of the system., The generated voltage is
transmitted to the indicator which displays the signal as an indication of en-
gine rpm in percentage figures.

Aft PFan Speed Indicating System

The aft fan speed indicating circuit consists of a tachometer-generator and an
indicator {one for each engine). The tachometer-generator is coupled by a
spline to the fan rotor. Operation of the fan speed Indiecating circult is
identical to that of the basic engine.

Fxhaust Gas Temperature Indicating System (EGT)

The exhaust gasg hemperature indicating system incorporates transistorized, null-
balancing indicators and dual-loop thermocouple harnesses. One loop of each
dual loop thermocouple harness is attached to each side of an engine. The
millivolt oubtput of each thermocouple is calibrated to the temperature indicat-
ing system's heat range curve, and the resultant voltage is compared to a ref-
erence voltage existing in the indicator. The comparison result is displayed
in degrees Centigrade on the exhaust gas temperature indicator (EGT).

Engine Pressure Ratic Indicating System

The engine pressure ratio indicating system consists of a transmitter and an
indicator for each engine. The trancsmitter senses pressure from a total pres-
sure pickup in the exhaust area. This pressure iz compared to ram pres-

sure supplied by thie engine inlet pitot head. The two values are integrated
and the results are converted to an electrical signal. The electriecal signal
is transmitted to the indicator where it is amplified and displayed in pressure
ratio readings. 4 power off warning flag is provided.

Thrust Reverser Position Indicating System

Thrust reverser position indication is sccomplished through microswitches
which are interlocked with the engine power control levers., The thrust rever-
sers cannot be activated until the power control levers are in IDLE position.
Actuation of the thrust levers closes the microswitches, illuminating the blue
IN-TRANSIT lights. When the reversers are in full functioning position, amber
REV-THRUST lights illuminste. The IN-TRANSIT lights also illuminate during
the return of the thrust reversers to normal position, or if the thrust rever-
gers are stuck in-transit.

ENGINE CONTROL AND INDICATION CIRCUIT ELECTRICAL SOURCES

Engine anti-icing air system, pilot's ac essential bus.
Ignition, pilot's ac essential bus.

Starter switch, 28-volt dec emergency bus.

Basic engine gspeed indicating system, self powered.

Aft Fan speed indicating system, self powered.

Oct. 23/61
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Exhaust gas temperature indicating system, pilot's ac essentlal bus.
Thrust reverser position indicating system, 28-volt dc emergency bus.
Engine pressure ratioc indicating szystem, pileot's ac essentlal hus.
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FUEL SYSTEM

GENERAL FUEL SYSTEM

The fuel system Includes subsystems designed to supply and control the flow of
fuel to the four engines without Interruption under all flight conditions.
(Figure 10-1). 1In the siupply systems, two main tanks in each wing are divided
into four fuel-tight compartments. Two compartments serve as replenishment
supply to the two mein tanks (Figure 10-2). Two Anti Shock Body tanks, located
on the upper surface of each wing, supply fuel directly into their respective
main tanks by means of transfer pumps. Each wing fuel system operates inde-
pendently of the other. Each main tank contains two electric fuel boost pumps,
located in a well, sach operated from a different power socurce, and one hy-
draulically operated jettison pump., Tn addition, each inboard main tank well
contains a hydraulically operated fuel scavenge pump.

One five-bay auxiliary fuel tank is provided in the wing center section. The
five bays in the center section each contain a fuel bag. Hydraulically driven
boost/jettison pumps in the aft cell of the center section are located in sumps
vwhich are similar in function to the wells in the main tanks. These pumps are
supplied with fuel by gravity flow, through check valves, from the forward
cells. The boost/jettison pumps supply fuel from the center section tank to
any engine via the cross-feed system, and also Jettison fuel when one or both
of the two center section tank jettison valves is opened.

Drain valves for external draining, draln check valves for internal draining,
and check valves Tor fuel control are installed throughout the tank systems.

The cross-Teed part of the fuel supply system routes fuel from any main tank
or from the center section tank to any or all engines. Selection is controlled
by electrically-driven fuel shutoff valves installed on the rear spars. Low
pressure switches mounted on the rear spars are cconnected by tubilng to each
boost and trensfer pump, and to the boostfjettiSOH PUmpS .

The engine fuel control system regulates the amount of fuel delivered to the
engine in relation to the desired RPM, compressor inlet air pressure and tem-
perature, and acceleration and deceleratlon rate.

The normal refueling procedure uses underwing pressure refueling adapters.
Automatic selection of any quantity up to full tank, exclusive of the minimun
allowable expansion space, is possible. Fuel tanks can be filled simultane-
ously by using all four fuel asdspters, or individually (Figure 10-3). Over-
wing gravity refueling is possible inteo the wing replenishment tanks, through
four 3 inch openings. The auxiliary center section tank and the ASB tanks have
gimilar service openings. The center secticn tank service opening is located
on the upper surface of the left wing, over the No. 2 main tenk; the ASB open-
ings are on their upper surfaces.

A refuel control panel on the aft side of the réear spar of each wing, between
bulkheads 28 snd 29, incorporates fuel quantity repeater gages, preset quantity
selectors, precheck shutoff controls, =nd a refueling flow indicator light for
each system.

Oct. 23/61
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All fuel tanks except the center section fuel cells and the anti-shock body
compartments are built as part of the basic airplane structure. The wings and
ASB tanks are sealed by the "Scotchweld" process during assembly. A trap com-
partment in each ASE is located aft of the fuel compartment. The wing center
section tank 1s mede up of fuel-tight cells, each a two-ply nylon fabric bag
impregnated with buna-N rubber. The airplane structure supports the bags, with
the bags held in plaece by nylon cords attached alternately to the structure at
apprroximately 15 inch spacing. Plumbing fittings in the center section are all
flat faced and sre supported by the siructure through sandwiching of fittings,
seal, bag, and structure. Interconnect fittings allow free flow of fuel from
one cell to another. An open drain line and a drain valve drain moisture from
the center section area outside the fuel cells. Also, & screv in the skin of
each of the four front bays msy be removed to drain moisture.

The outbosrd replenishment tanks are located outboard of thelr respective main
tanks; the inboard replenishment tanks are forward of thelr respective main
tanks, between the wing front spar and center spar as shown in Flgure 10-2.
Tuel is free to flow between the inboard replenishment and inboard main tanks.
There are no check valves between these two tanks and fuel flows between them
as dictated by the airplane's asttitude. The ASB tanks, which house suxililary
fuel for the main tanks, are mounted on the upper aft surfaces of the wings,
two on each wing, st wing bulkheads 7 and 16.

Refer to Chapter 12, SERVICING, of the MAINTENANCE MANUAL for complete capacity
tabulations and servicing information. The Approved Airplane Flight Manual
lists the maximum refuel gquentity and usable fuel quantity as required by
F.A.A. regulations.

Replenishment Tanks

Bach wing fuel tank 1s composed of two separate sections, called the replenish-
ment tank and the main tank. The replenishirent tanks for fuel tank No. 1 and
fuel tank No. 4 are located outboard of the No. 1 and No. 4 main tanks. TFuel
Tlows from the two outboard replenishment tanks to the main tanks by gravity
flow through check valves in the tank bulkhesds.

The replenishment tanks for fuel tank No. 2 and fuel tank No. 3 are locabted
forward of the No. 2 and No. 3 main tanks. Fuel flows freely between the in-
board replenishment tanke and the main tanks. Transfer pumps are provided to
accomodate low-fuel, high-deck angle transfer conditions.

Main Tank Wells

A "well" section, with an approximate capacity of 135 gallons, 1s located at
the inboard aft corner low point of each main tank. Transfer pumps and check
valves maintain the highest possible fuel level in the wells. Each well con-
tains two fuel boost pumps which supply fuel to the engine fuel pumps.

Anti-Shock Body Tanks

Two anti-shock body (ASB) fuel tanks are located on the trailing edge of each
wing. Each anti-shock body is located aft of a main tank. Puel is transferred

Oct. 23/61
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from each anti-ghock body tank to its respective main tank by means of dual
electric fuel transfer pumps in each ocutboard ASB and single electric fuel
transfer pumps in each inboard ASB. A fuel jettison nozzle is loeated In the
aft apex of each outboard anti-shock body.

Center Secticn Tank

The wing center section tank is made up of five fuel tight cells, each a two
ply nylon fabric bag impregnated with buna-N rubber. The airplane structure
supports the bags. They are held in place by nylon cords attached alternately
to the bages and to the sirplane structure. The center section tank area is
accessible through an opening in the left side of the rear spar, forward in the
left-hand main wheel well.

Five separate subsystems comprise the main fuel system: Refueling-Defueling,
Engine Fuel Supply, Fuel Jettison, Fuel Tank Vent and Fuel Quantity Gaging.

PRESSURE REFUELING SYSTEM

Pressure refueling is the normsl method of refueling. Pressure refueling
adapters are located in the lower surfaces of the wings outboard of the No. 2
and No. 3 engine pylons. Pressure hoses connect to the individusl adapters for
pressure refueling and tenks may be filled one at a time or simultanecusly.

The total intake is 1200 gpm, based on a 300 gpm flow with 50 psig fuel pres-
sure at each of the four adapters.

The outboard pressure refuel fittings are also used to refuel the center sec-
tion tank. A center tank refueling selector valve is installed in the center
tank refueling trunk line. With this valve closed, the wing outboard tank sys-
tem can be refueled without refueling the center tank. With the valve open,
both tanks will be refueled simultanecusly.

CAUTION: MAXIMUM FRESSURE AT THE CONNECTORS SHOULD NEVER EXCEED 60 PSIG.

Two refueling control panels are provided, one on the aft side of the rear spar
of each wing. With the alrplane resting in a level attlitude, the desired
amount of fuel per tank is selected by presetting the quantity control knob lo-
cated in the fuel control penel (Figure 10-4).

GRAVITY REFUELING BYSTEM

Three-ineh openings located in each of the four replenishment tanhks, and acces-
sible from the upper wing surfaces, sre used for gravity-flow refueling. The
fillers are capable of receiving fuel from two-inch diameter nozzles at the
rate of 150 gpm. As fuel enters the replenishment tanks, the fuel level is
equalized in the main tanks and tank wells through check valves in the separat-
ing bulkheads. Gravity refueling of the center section is accomplished from an
opening over the No. 2 Main tank. The Anti-shock bodies are gravity fueled
through openings (one each) located on their upper surfaces.

DEFUELING S¥STEM

Defueling at the rate of 50 gpm 1ls accomplished through any or all of the pres-
sure fueling adapters by suction from the tanker. The defueling operation is
controlled from the flight engineer's fuel control panel. Defueling of any or

Oct. 23/61
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all of the fuel tank systems may be accomplished by using the crossfeed valves.
Tt is not necessary to close the corresponding emergency fuel shutoff valves in
the pylons when defueling, since the positive displacement engine-driven fuel
pumps will stop air leakage. Fuel is transferred from the desired tank through
the defueling valve and into the fuel tanker or suitable receptacle. (Bee
Figure 10-5.) '

ENGINE FUEL SUPPLY SYSTEM

Fuel from the outboard replenishment and outboard and inboard main tanks is
transferred by bulkhead check valves and transfer pump to the main tank wells.
From the main tank wells, dual booster pumps supply fuel to each of the four
engine-driven fuel pumps (Figure 10-6). Hydraulically operated boost/jettison
punps supply fuel from the center section tanks to the cross feed lines. ASB
fuel is transferred by electric transfer pumps into thelr respective main tanks.

Fuel Transfer Pumps

Two fuel transfer pumps are provided for each fuel tank and each outboard ASB.
Each inboard ASE has one fuel transfer pump. For the No. 1 and No. 4 tank sys-
tems (outboard), both pumps are located in the main tank; cone in the aft out-
board corner and one in the forward inboard corner. TFor the No. 2 and No. 3
tank systems (inbosrd), one pump is located in the aft inbeoard corner of the
replenishment tank and one pump in the forward inbcard corner of the main tank.
Fuel transfer pumps are used to transfer fuel from thelr respective areas into
the main tank wells.

Replenishment Tank Fuel Level Indication

Low fuel level in the inboard replenishment tanks 1s indicated by the illumina-
tion of the pump low pressure warning light for the transfer pump of each in-
board system. Illumination of the light indicates that the pump discharge
pressure is low, either from lack of fuel or pump malfunction. Float switches
in series with the pump low pressure warning light switches of all main tank
transfer pumps prevent the corresponding warning light from 1lluminating unless
the pressure loss 18 due to pump malfuncticn.

Fuel Boost Pumps

Fach engine is normslly supplied with fuel from two electric boost pumps lo-
cated in each main tank well and the two hydraulic boost/jettison pumps in the
center section tank. The pumps maintain between 15 psia (minimum} and 50 psig
{maximum) fuel pressure at each engine fuel pump inlet during all airplane
operating conditiong. Both, or either pump alcne, are capable of supplying a
maximum fuel flow rate of 125 percent of tekeoff requirements (standard day
fuel consumption). Any pair of booest pumps is capable of supplying 100 percent
maximim takeoff fuel flow te 1ts own engine and to one engine in the opposite
wing. Any pump pair is capable of supplying 100 percent of maximum cruise fuel
flow to all four engines.

Emergency Fuel Shubtoff Valves

For each engine an emergency fuel shutoff valve is installed on the rear spar.
The valves are operated in connection with the fire protection system. Their

Oct. 23/61
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primary function 1s to close off fuel to the engines in event of a fire. Oper-
ating the FIRE PULL "T" handle of the fire protection system causes the corre-

sporiding emergency fuel shutoff valwve to close,

Engine Fuel and Control System Block Diagram

Figure 10-T, Engine Fuel Supply Bloeck Diagram, provides a ready reference as to
engine fuel flow from the emergency fuel shutoff valve to the fuel nozzles.

Engine Fuel Pump

A primary boost element in the engine fuel pump increases the fuel tank hboost
pamp pressure by 15 to 45 psi. The fuel flows from the primary boost element
to two high pressure elements, increasing the fuel pressure 100 to 850 psig
depending on engine speed and flight conditions. The pump discharges the fuel
to the fuel heater. Fuel flows through the heater and into the fuel filter.
From the filter the fuel goes into the fuel control, to the engine fuel-oil
cooler, CSD fuel-oil cooler, the pressurization and drain valve, and into the
fuel nozzles. The fuel pump always delivers more fuel to the control than is
required to sustain the engine under any condition. The control uses some of
the excess fuel to coperate intermal serve mechanisms and to position and coel
the engine variable stabor actuators. The remainder is returned to the inlet
gide of the high pressure eleménts of the fuel pump. In case of fallure of
both fuel tank boost pumps in any one tank, the engine-driven fuel pump sup-
plies sufficient fuel to the engine to maintain all performence reguirements
up to 30,000 feet. Fuel temperature at the engine must be approximately 43
degrees C (110 degrees F).

Engine Fuel Heater

The sngine fuel heater is a counter-flow air-to-liquid type heat exchanger,.
Fuel enters through the fuel heater inlet and flows through the fuel tubes.
Seventeenth stage compressor air at approximately 63 degrees ¢ (145 degrees F)
flows arcund the fuel tubes warming the fuel. The fuel flows past a ftempera-
ture sensor and is discharged to the fuel filter. Expansion or contraction of
the thermostatic elément in the fuel tempersature sensor opens or closes the
fuel heater compresscr alr shutoff valve. The valve closes at fuel discharge
temperatures above 7 degrees C (45 degrees ¥) and opens at fuel discharge tem-
peratures below O degrees C (32 degrees F).

Engine Fuel Filter

The fuel filter, located between the fuel heater and the fuel control, removes
golid contaminante from the fuel. Tuel enters the filter and surrounds the
filter screen, passes through the screen into an lmner chamber, and flows out
the discharge port. IT the filter should become clogged, fuel will bypass
through the relief valwe which opens when the pressure differential across the
filter is 20 to 2k psi.

Oct. 23/61
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Engine Fuel Control

The engine fuel control is & hydro-mechanical system. High turbojet engine
performance calls for rapld engine acceleration, but a conventional seventeen
stage fixed compressor would tend to stall during throttle bursts. The problem
is caused by critical combinations of air, temperature and engine speed which
create air turbulence and consequently restrict the flow of air through the
comprassor during acceleration. When this condition develops, the turbojet
engine usually stalls or fails in rapid acceleration. This difficulty is over-
come in the CJ805-23 engine by making the twenty inlet guide vanes and the
first gix stages of compressor stator blades veriable. As some point is
reached during acceleration (depending on compressor inlet temperature), the
variable stators rotate slightly to maintain an angle with the inlet air that
encourages & smooth zirflow and at the gsame {ime discourages air turbulence.
The fuel contrel unit is instrumental in positioning the inlet guide vanes and
the stator blades. Thus the fuel control system can be considered made up of
twe subsystems: +the variable stabtor subsystem which is concerned with the
continuous and aubomatic adjustment of the airflow path, and the fuel subsystenm
which is concerned with fuel metering and delivery to the combustion chambers.

Bpecific discussion of the complex engine fuel control system can be found in
the appropriate engine manual. However, briefly, the fuel control system in-
cludes components which sense compressor inlet temperature {CIT), compressor
discharge pressure (CDP), engine rpm, fuel temperature, specific density of the
fuel being used, and power lever signals. During flight, as the ambient tem-
peratures and pressure change, the fuel control system will automatically vary
both fuel flow and compressor sbtator angle in order to cperate the engine effi-
ciently at the rpm selected by the pilot through setting of the power comtrol
lever.

Tuel Shuteff Levers

The fuel shutoff lever actuates a fuel shutoff valve in the discharge portion
of the fuel control unit. The valve has two positions; RUN (open position),
and OFF (closed position). Metered fuel from the fuel control flows through
the fuel shutoff valve to the engine fuel-oil cooler. The engine must never
be started or operated with the fuel shutoff lever in an Intermediate position.
Use as a fuel throttling means will damage the fuel control unit.

Fngine Fuel-0il Coocler

The engine fuel-cll cooler is a liguid-to-ligquid heat exchanger using engine
fuel as the coolant. (See Section 11, OIL SYSTEM for detailed information}.
From the engine fuel-oil cocler the fuel is directed through the fuel flow
transmitter to the constant speed drive {CSD) fuel-oil cooler.

Fuel Flow Transmitter

The fuel flow transmitter is a propeller-driven synchro motor that is actuated
by varying fuel flow against the propeller. The transmitter signal iz dis-
played on the pilots' engine instrument panel in pounds per hour of fuel flow.

Oct. 23/61
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Constant Speed Drive Fuel-0il Cooler

The constant speed drive fuel-oll cooler is & liquid-to-liquid type heat ex-
changer using engine fuel as the coclant. From the constant speed drive fuel-
oil cooler, metered fuel is routed to the pressurizing and drain valve.

Fuel Pressurizing and Drain Valve

Metered fuel flows to the inlet of the fuel pressurizing and drain velve. When
the inlet pressure rises to 80 to 100 psi above the reference pressure plus the
spring force that is applied to the aft side of the pressurizing piston, the
drain piston closes the drain port. The pressure alsc moves the pressurizing
piston away from the drain piston, allowing fuel to flow to the engine. When
the pressure differential across the piston drops below 80 psi, fuel flow to
the engine is cut Off and the drain port is opened to drain the fuel manifold.

The totel drainage after engine shutdown or a wet prestart is 450 to 550 ce.
No leskage should occur during other phases of engine operation.

Engine Fuel Nozzles

Metered fuel from the pressurizing and drain valve flows into the ten fuel
nozzles which spray atomized fuel into the combustion chambers.

TUEL JETTISON SYSTEM

The fuel jettison system is designed for fuel Jettisoning snd for fuel scav-
enging. The fuel jettison system permits in-flight reduction of the alrplane
weight to the maximum permigsible landing weight. The scavenge pertion of the
system completely empties the inboard tanks and the center section tanks, adja-
cent to the cabin area, in the event that an emergéncy wheels up landing is
anticipasted. A schematic of the system is shown in Figure 10-8. The jettison/
scavenge system is a fixed installation useable at any airplane configuration
of flaps or landing gesr and at speeds up to o/ Mo -

A hydraulically operated fuel jettison pump is provided in each of the four
mein fuel tanks. The jettison pumps are controlled from switches located on
the fuel control panel. Moving the switches to the OPEN position energizes
solenoid valves which port No. 2 hydrsulic system fluid to the Jettlson pump
drive motors. The LH center section boost/jettison pumps utilizes hydraulic
power from No., 1 hydraulic system; the RH center section boost/jettison pump
utilizes hydraulic power from the No. 2 hydraulic system. Each fuel tank Jetti-
son system is equippeéd with inlet bellmouth fittings positioned to assure a
minimm of 8810 pounds total fuel remaining in the tanks after jettisoning.
The jettison system is capsble of dumping overboard a minimum of 49,800 pounds
of fuel in 27 minutes, or an average of 1845 pounds per minute.

Scavenge System

A hydrsulically operated fuel scavenge pump is located in each inboard main
tank well., Two hydraulically operated combination boost, jettiscn, and scav-
enge pumps are located in the center section tank. A1l four pumps are con-
trolled by switches located on the flight engineer's fuel control panel. The

Oct. 23/61
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center section pumps are used to Jettison or scavenge fuel when the jettison
valves are opened and the center tank and wing crossfeed valves are closed.
Tuel is then diverted from the engines into the jetiison system. Continued op-
eration of the center gsection pumps results in fuel scavenging. The two scav-
enge pumps are controlled by switches located on the flight engineer's fuel
control panel. These switches actuate solencid valves which port No. 1 hydrau-
lic system fluid to the scavenge pump motors. The scavenge pumps obtain fuel
from the bottom of the wells through the downturned bellmouth inlets and scav-
enge the entire inhoard system (tanks No. 2 and No. 3} of each wing. This
leaves only the fuel remasining below the bellmouths in the outbosrd systems
(tanks No. 1 and No. 4) for operation during emergency wheels up landing pro-
cedures .,

Scavenge/Jettison Systems Hydraullc Power Source

The main tenk fuel jJettiscon system is operated by hydraulic power from the

No. 2 hydreulic system. The main tank fuel scavenge system is operated by hy-
dravlic power from the No. L hydrauwlic system. In the center section tank,; the
left boost/jettison pump is powered by the No. 1 hydraulic system, the right
pump 1s powered by the No. 2 hydraulic system.

Fuel Jettison Hozzles

A fuel jettison nozzle is located in the aft spex of each ocutboard snti-shock
body. Bach nozzle is fed by two fuel Jettison lines and one scavenge line.
The scavenge Tuel line is teed into the jetiison line for the inboard tenk.
The nozzles supply a proper exit stream pattern and establish a minimum exit
veloeity of 30 feet per second to prevent reverse fuel flow in the wing bound-
ary layer and to retard flame propagetion. The nozzles are removable and
streamlined to the apex of the anti-shock body tail cone.

FUEL TANK VENT SYSTEM

Three vent valves are uzed in each tank vent system. One float-type valve is
located in each main tank, each replenisnment tank, the center section tank,
and esach inboard anti-shock body, and one combination float-type and pressure
relief valve is located in each replenishment tank and the center section tank,
The tank venting systems connect with the ram-vent scoop in the lower surface
of each wing tip.

Ram-Vent Scoop

One ram-vent scoop is fitted flush with the inboard surfasce of each anti-shock
body and serves two purposes. Its purpose is to vent vapor pressure from the
tanks; in addition, the scoop has a plenum chamber which scoops air during
flight to the extent that approximately two to three pounds of air presasure
gbove ambient is maintained in the tank systems.

FUEL CONTROL PANEL

All functions of the fuel tank systems except refueling are controlled from the
flight engineer's fuel control panel (see Figure 10-G). The fuel control panel
contains fuel gquantity indicsetors, valve pesition indicators, fuel pressure

Oct. 23/61
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warning lights, boost and transfer pump switches, and normal feed, crossfeed,
defuel, scavenge and jettison valve switches. A single fuel tempersture indi-
cator is located on a sepsrate panel adjacent to fuel control panel.

The arrangement of controls, indicators and warning lights permits an immediate
interpretation of the fuel feed zondition being used, as well as the immediate
selection of any other configuration desired. A& schematic diagram of the fuel
line cirecuit is superimposed on the panel and is shown on an internally illum-
inated diagram. The fuel valve switch knobs are placed across the clrcuit to
represent the eorresponding valve locatlion in the actual fuel system. The
switch kneobs incorporate an engraved solid line across their circumference. By
aligning the line on a knob with the fuel circuit line, the corresponding valve
is opened; when the knob reference line is set at right angles to the fuel line
on the panel, the valve is closed.

Fuel Quantity Gaging System

The fuel quantity gaging system indicates fuel quantity on a welght basis for
all five of the tank systems. Five indicators are located on the flight engi-
neer's fuel control panel, one for each tank system. A switch, spring loaded
to TOTAL, selects TOTAL, MALN, REPLENISH, or ANTI-SHOCK BODY, for reading from
the No. 1, 2, 3, and Y4 tank indicators; the center section tank indicator reads
only TOTAL fuel. A single indicator (totalizer) on the pilots' center instru-
ment panel shows the combined airplane total fuel remaining. Repeater indi-
cators located on the rear spar wnderwing refuel control panels, also reflect
quentity of fuel indicated Dby the corresponding tank indicator on the flight
engineer's fuel control panel. Twenty one liquid sight gages (drip sticks) are
provided for menual checking of fuel quantity.

Pump Low Pressure Warning Lights

An amber PUMP IOW PRESS indicabtor light is provided for each of the twelve fuel
transfer pumps and ten red FPUMP LOW PRE3SS warning lights for the fuel boost
pumps . The No. 2 main transfer pump and the No. 2 replenish tank transfer pump
have the same warning light. The Fo. 3 main transfer pump and the No. 3 re-
plenish tank transfer pump have the same warning light. Six amber PUMP LOW
PRESS indicator lights are provided for the six anti-sheock body transfer pumps.

The ten booet pump warning lights illuminate when the fuel pressure drops due
to lack of fuel or malfunction of the pump.

Except for No. 2 and Wo. 3 replenishment tank transfer pumps, all transfer
pump lighte illuminate only when the pump malfunctions. Float switches prevent
their illuminaticn for low fuel conditions. The No. 2 and No. 3 replenishment
tank transfer pump lights will illuminate for low fuel conditions as well as
pump malfunctioning. The center section low pressure light will illuminate Tor
a low fuel condition.

Engine Fuel Pump Warning Lights

One red PUMP LOW PRESS warning llght is provided for each engine driven fuel
pump. Illumination indicates either low fuel condition or pump malfunction.

Oct. 23/61 _
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Emergency Fuel Shutoff Indicator Lights

One green EMFR VALVE CLOSED indicator light is provided for each engine., Il1-
lumination of this light indicates the emergency fuel shutoff valve has been
closed by operation of a FIRE-PULL "T" handle.

Valve In Transit Indicator Lights

Fach of the fuel crossfeed and line valves is provided with a blue VAIVE IN
TRANSIT indicator light. The valve in transit light illuminates only during
the titme the valve is in motion and extinguishes when movement is completed.

De-Fuel Valve Indicator Lights

A red VAIVE OPEN warning light is provided for each de-fuel valve. BEach light
illuminates when the assoclated de~fuel valve 1s open.

Outboard Anti-Shock Body Warning Light

One anber EXCESS FUEL light is illuminated contimuously if either outboard ASE
has & "fuel remaining" level of more than 40 US gallons. There are two sepa-
rate ASB fuel level end speed warning circuits; system No. 1 utilizes the alarm
bell portion of the VNE and MNE warning circuit, system No. 2 ig completely
independent with its own warning bell. System No. 1 is actuated vhen the air-
plane exceeds .69 mach or 347 knots with any fuel in elther outboard ASB. When
actuated, the No. 1 system causes the VNE/MNE warning bell to ring. System
No. 2 is actuated whenever the airplane exceeds .69 mach or 347 knots and more
than 40 US gallons of fuel remains in either outboard ASB. System No. 2 actu-
ates an independent warning bell. BSysbem Wo. 2 also causes the EXCESS FUEL
light to remain illuminated if either outboard ASB has & fuel level above L0
US gallons,

De-Fuel Valve Switches

Two de-fuel valve guarded switches are provided and are safetied in the CLOSED
position for normal operation. Moving the switches to the OPEN position opens
the two de-fuel valves.

Line Valve Switches

Turning the line valve switches to align the knob marker with the circuit dia-
gram fuel line opens the line valve. Turning the knob marker to a position
across the cirecuit diagram fuel line closes the line valve.

Crossfeed Valve SBwitches

Turning the crossfeed valve switches to align the knob marker with the circuit
diagram fuel line opens the crossfeed valve. Turning the knob marker to a
position across the circuit diagram fuel line closes the crossfeed valve.

Oct. 23/61
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Boost Pump Control Swilches

The boost pumps are started by ten boost pump control switches on the fuel con-
trol panel. Fach switch incorporates an OFF and ON position. The two center
section switches also are used to jettison center section fuel when the Jet-
tison valves are opened.

Tank No. 1 and Tank No. 4 Transfer Pump Switches

Two transfer pump switches are provided for tank No. 1 and two transfer pump
switches for tank No. 4 Moving a switch from OFF to the "on" position starts
the corresponding transfer pumps. Two transfer pump switches are provided for
each outboard anti-shock body. Activating the switches to ON transfers fuel to
the No. 1 and No. 4 main tanks.

Tank No. 2 and Tank No. 3 Transfer Pump Switches

Tank No. 2 and Tank No. 3 are each provided with a single three-position trans-
fer pump switch. The center position is the OFF position. Movement to The
MAIN position operates the transfer pump located in the main tank. Movement

+to REPLENISH position operates the transfer pump located in the replenishment
tank, One transfer pump switch is provided for each inboard anti-shock body.
Actuating the switch to ON transfers fuel to the No. 2 and Wo. 3 main tanks.

Jettison Switches

A tank jettison guarded switch is provided for each main tank and each switch
is safetied in the CLOSE position. Movement of the switch to the OPEN position
opens a solenoid valve snd ports hydraulic power system fluid to the appropri-
ate jettison pump.

Scavenge Switches

Two scavenge guarded switches are provided, one for tank No. 2 and one for tank
No. 3. Both switches are safetied in the CLOSE position. Movement of the
switches to the OPEN position opens a solencid valve and ports No. 2 hydraulic
power system fluid to the appropriate scavenge pump.

Center Section Jettison Valve Selector Switches

The center tank jettison valves are controlled by individual switches located
on the lower portion of the flight engineer's fuel control panel. Placing the
switch in the OPEN position will open the valve and illuminate a red VAIVE
OPEN warning light adjacent to each switch. When the valves are opened for
jettisoning, the center tank and wing crossfeed valves must be closed.

FTUEL TEMFERATURE TWDICATOR

The fuel temperature gage is e subpanel of the flight engineer's control panel.
It indicates fuel temperature in degrees Centigrade as read by any one of five
temperature sensitive elements., One element is located in the No. 1 tank well

Oct. 23/61
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and the other four are located, one to each engine, in the fuel stream near the
engine-driven fuel pump. A five position selector switch is provided on the
right side of the fuel control panel.

REAR SPAR UNDER -WING REFUELING CONTROL PANEL

The refueling control panel is located on the under-wing surface at the rear
spar and outboard of No. 1 and 4 pyleons. It contalns fuel quantity gages, pre-
set quantity selectors, and precheck shuteff controls. Jacks for microphone,
handsets and headsets and installed for direct commmnication with the flight
compartment only during defueling operations. During pressure refueling oper-
ations, personnel are not required in the flight compartment and the entire
operation is conducted from the refueling control panel. It 1s impossible to
replace the cover on the refueling control panel unlegs all controls, including
removal of defueling commmication equipment, are in proper position for flight
{see Figure 10-4).

Fuel Quantity Indicators

Three fuel quantity gages are provided for each wing refueling control panel,
one gage for the outboard tank system, one gage for the inboard tank system,
and one for the center section tank. The ilnner pointer of each gage displays
the total quantity of fuel in its associated tank. The outboard pointer of
each gage is capable of being set to the desired refueling quantity by a knob
at the lower left corner of each indicator. When the two pointers coincide,
the refueling flow will be stopped.

CAUTTON: WHEN THE PRESET FUEL QUANTITY HAS EEEN DELIVERED TO THE FUEL TANKS
AND AUTOMATIC SHUTOFF HAS BEEN ACCOMPLISHED, THE FUEL SUTPLY SOURCE
PRESSURE SHOULD BE RELEASED IMMEDTATELY.

Precheck Switches

A three-position precheck switch is provided to test the automatic refueling
system for each tank. Moving the switch to the STOP "PI" position will open
the primsry solenoid valve and port pressure fuel to the primary side of the
dual pilot-level control valve, resulting in shutoff of fuel flow. Moving the
switceh to the STOP VST position will open the secondary solenoid valve and
port pressure fuel to the secondary side of the dual pllot-level control valve,
resulting in shutoff of fuel flow. Setting the switch in AUTO position allows
the "stop" signal, determined by setiing of the réfuel-gquantity pointer, to be
applied to the primary and secondary solenoid valves after the selected amount
of fuel has been delivered to the tank.

There is one refuel pilot valve in each tank, and one in the forward cell of
the center section tank.

LIQUID SIGHT GAGES

A total of 21 liquid-sight gages are provided. The gages are installed in
housings attached to the bottom of the tanks and extend up through the tenks,
fitting into gage supports attached to the top of the tanks (see Figure 10-10).
Each liquid sight gage consists of a calibrated tube, or drip stick, which is

Oct. 23/61
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free to slide up and down within a sleeve attached to the gage housing. The
bottom of the tube is sttached to a butt plate which fits into a recess in the
under surface of the wing.

The gage is unlocked by pushing the butt plate upward and turning it to the
left with a special tool. The tube, with the tool attached, is lowered until
fuel drips from the tube indicating that the top of the tube is below the fuel
level in the tank. The tube is then raised unhtll the dripping ceases and the
quantity of fuel in the tank is read in pounds at the highest visible cali-
bretion on the tube. A trap attached to the tool catches the minor fuel leak-
age when the tube is lowered below the surface of the fuel.

The gage is closed by pushing the butt plate up into the recess in the wing
surface and turning it to the right until the index marks on the butt plate
and the collar are aligned. Because of the height of the sleeve and housing;
the fuel level cennot be measured below 2.9 inches above the bottom of the
tank.

The tube and sleeve assembly can be removed for replacement without draining
the tank.

FUEL SYSTEM ELECTRICAL SOURCES

The control relay colls for each boost and transfer pump are energized through
the individual switches from the following buses: (For detailed information,
consult the WIRING DIAGRAM MANUAL.)

1. From the 115-volt, 400 cps, ac nonessential bus:
Ho. 1 tank outboard boost pump

No. 2 tank outboard hoost pump

No. 3 tank outboard bocst pump

No. 4 tank outboard boost pump

Wo. 1 main tank inboard transfer pump
No. 2 main tank transfer pump

No. 3 main tank transfer pump

No. 4 main tenk inboard transfer pump
No. 1 ASB (outboard) transfer pump
Ho. 2 ASB transfer pump

No. 3 ASE transfer pump

No. 4 ASB (outboard) transfer pump

2. From the 115-volt, 400 cps, ac essential bus:

Wo. 1 tenk inboard boost pump

No. 2 tank inboard hoost pump

No. 3 tank inboard boost pump

No. 4 tank inboard boost pump

He. 1 main tank outboard transfer pump
No. 2 replenish tank transfeéer pump

No. 3 replenish tank transfer pump

No. 4 main tank outboard transfer pump
No. 1 ASB (inboard) transfer pump

No. 4 ASB (inboard) transfer pump

Oct. 23/61
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Boost and Trensfer Pump Operating Power Scources

All main tank boost and transfer pumps are cperated by 200/115~volt, 3-phase,
LOO eps ac electrical power. BEach phase to each pump is individually protected
by eclrcuit breakers. The center section tank boost/jettison pumps are hydrau-
licelly operated.

Defueling Valve Power Source

Both defueling valves are operated by 28-volt de. If required, the airplane
emergency battery dc power can be used.

Fuel Tanlk Shutoff Valve Power Source

A1l fuel tank shutoff valves are operated by 28-volt dc. If required, the
emergency battery de power can be used.

Crossgfeed Valve Power Source

All, erossfeed valves are opersted from the 28-volt dc emergency bus. If re-
quired, emergency batiery power can be used.

Emergency Fuel Shutoff Valve Power Bource

Al]l emergency fuel shutoff valves, operated by the fire-pull "I" handles, are
operated from the 28-volt dc emergency bus. If required, the emergency battery
power can be used.

Fuel Jettiszcn System Power Bource

All fuel jettison system pump solenoid valves are operated by 28-volt de.
Actual operation of the jettison pumps is by hydraulic fluld ported to the
pumps by opening of the solencid valves.

Fuel Quantity Gaging System Power Source

Power for the fuel quantity selector switch system is by 28-volt de. Power for
operation of the probe-indicating systems is 1l5-volt, 4O0 cps.

Fuel Pump Low Pressure Warning Light Power Source

The engine fuel pump low pressure warning lights obtain power from a 28-volt
dc bus.

The fuel tank booster and itransfer pump low pressure werning lights obtain
power from a 28-volt de bus.

Fuel Temperature Indicator Power Source

The fuel tempersture indicator obbtainsg power from a 28-volt dc essential bus.

Oct. 23/61
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Rear Spar Under-Wing Refueling System Power Source

The refueling system obtains power from a 28~volt de bus.

Fuel Flow Indicator Power Source

The fuel flow indicators receive power from the pilot's essential ac bus, and
the 28-volt dec emergency bus.

Oct. 23/61
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OIL SYSTEM

GENEERAL QIL SYSTEM

The o0il system is ccomposed of three subsystems; the engine system, the constant
speed drive (CSD) hydraulic system and the thrust reverser actuatioh systen.
The engine oll systein is used to cocl and lubricate the bearings and gears,
With respect to the constant speed drive and the thrust reversers, the o0il is
utilized as a hydrsulic fluid and lubricant for the CSD power drive and for hy-
draulic actuatlon purposes. (See Figure 11-1.)

0il System Reservoir

The ¢il system reservoir i1s mounted on the upper Fforward right side of the en-
gine (seze Figure 11-2). The reservoir is of single unit construction with an
internal veritical bulkhead that divides the intericr into two separate reger-
volr sections. The two sections are connected by an internal pressure equaliz-
ing line in the uppermost porition of the expension spaces. The larger and aft
gection of the reservoir holds 4%.15 gallons of oil for the engine system. The
Porward section of fhe reservoir holds 1.72 gallons of oil for the constant
speed drive and thrust reverser systems. There is no flow connection between
the oil in the two reservoir sections or between the systems they supply.

01l System Replenishment

Each sectich of the oil reservoir is provided with a gravity flow filler port
at the top of the reserveir, A calibrated dipstick ig provided ss an integral
portion of each gravity £1ii cap, Accidental overflow of oil is removed by a
scupper drain opening between the two caps with the drain exit at the bottom of
the reserveir,

When the engine oil sectlion of the reservoir is filled to 4%.15 gallon capacity,
1.26 gallons expansion gpace ig provided. The CSD section, when filled to 1.72
gallon capacity, provides .50 galions of expansion space.

01l System Consumption Rate

Witk the oil reservoir filled to capacity, the engine has a flight capability
of 13 hours. At the end of that period approximately 1.15 galloneg of oil will
be left in the engine section. With thie quantity in the reservoir, the engine
can be inclined 30 degrees up or down, or rolled to the right or left 20 de-
grees without uncovering the o0il outiets.

ERGINE OIL SYSTEM

01l from the engine section of the oil regervoir flows to the engine oil pump.
The engine-driven peositive displacement pump increasses the oil pressure to 12
to 60 psig, depending on engine speed, and discharges the oll through a check
valve to the engine oi1l Tilter. The filtered oil is then divided into flows
supplying the front gearbox and the No. 1 bearing, the transfer and rear gear
boxes, the horizontal drive shaft damper bearing, and the No.2, No.3, No.k and
No. 5 bearings., A pressure relief valve bypasses oil from the downstream side

oct. 23/61
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of the oil filter to the inlet side of the ¢il pump in case of filter clogging.
Tn this way, the maximum pressure delivered to the oil pressure indicating

system is 200 psig. Actually, insofar as pump performance is concerned, during
cold weather starting, engine oil pressure may range as high as 500 to 60C psig.

Engine 01l Scavenge System

The engine oil in the bearing sumps, damper bearing and accessory cases is
scavenged, filtered, cooled, de-aerated and returned to the engine section of
the oil reservoir by means of the three scavenge system oll pumps. The scav-
enge system pumping capacity is approximately 2.5 times the actual amount of oil
supplied to any one area. The scavenge oil filter confains a magnetic chip
detector which attracts any metal chips in the filter. An accumulation of chips
will complete a metallic path which can be detected by use of an external con-
tinuity check, Thus the presence of metallic contaminetion can be determined
without removing and inspecting the filter.

Engine Fuel-0il Cooler

The engine fuel-oil cooler is a liguid-to-liquid heat exchanger which uses
engine fuel as a coolant. When the scavenge oll temperature is below 38 de-
grees ¢ (100 degrees F), a bypass valve is opened allowing a portion of the

il +o flow directly to the cooler outlet without passing through the coocler.
As the temperature increases, the valve closes, forcing all the oil to flow
through the cooler core. A fuel temperature sensor opens the bypass valve when
the fuel temperature reaches 116 degrees ( (241 degrees F). Bince certain en-
gine operating conditions may demand greater fuel flow through the cooler than
is possible through the normal core system, a bypass valve ig provided that
will open and allow large volumes of fuel to bypass the cooler.

CONSTANT SPEED DRIVE (CSD) OIL SYSTEM

The CSD oil system provides lubrication, control system hydraulic power and
transmission hydraulic power. The oil from the CSD section of the reservoir is
increased in pressure to 140 to 150 psig by the CSD internal oil pump. From
the pump, the pressurized oil is directed through a filter unit, past a mag-
netic chip detector and into the control, lubrication and actuating portions of
the ¢SD unit. A temperature sensing probe projects into the CSD sump ares.

The thermal switch and probe assembly will illuminate a DRIVE MALFUNCTION light
on the flight enginesr's panel when the oil temperature regeches or exceeds 177
degrees C (350 degrees F).

CSD Scavenge Punmp

The (SD scavenge pump scavenges oil from the CSD case sump and returns it to
the CSD internal reservoir. When the internal reservoir is full, a relief
valve operating from 110 to 120 psi ports the excess 0oil to the €8D section of
the main oil reservoir through the olil-to-air and oil-~to-fuel coolers.

Oct. 23/61
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C8D 0il Coclers

CSD oil from the CSD intermal reservoir is directed to the CSD oil-fuel cooler.
However, the amount of heat the fuel can absorb at this point in the fuel sys-
tem flow approaches zero under certain engine opersating conditions. A fuel
temperature sensor in the gil-fuel cooler opens the oil bypass valve when the
fuel temperature reaches 116 degrees C (241 degrees F) and ports the oil
directly to the CSD section of the il reservoir,

OIL SYSTEM PRESSURIZATION

The sump pressurizing system regulates the pressure of the air in the cil tank,
the gearboxes and bearing sumps. These units are pressurized primarily to
assure a positive pressure at the inlet of the pressure and scavenge pumps.
However, the method used to obtain alr for pressurization is based upon the
premise that airflow is from the rear side of the seals into the sump area, The
results of this flow is a control of oil consumption--since, with air continu-
ously flowing into the bearing suwips, only a small amount of oil is lost

throuwgh the seals., By maintaining swmp and tank pressure at 3 to 7 psi above
ambient pressure, a balanced system 1s provided.

The air used for pressurization is obtained from two sources; leakage of air
across the air and oil seals intc the sumps and/or smbient air. The source of
the alr depends largely upon the efficiency of the seals; if sufficient air
bleeds scross them to prevent cavitetion of the pumps, ro ambient air is re-
guired. However, if the seals are exceptionally tight and virtuvally no air
bleeds across them, ambient air must be drawn into the system.

Altitude Bensing and Pressurization

A1l of the scavenge pumps on the engine are capable of pumping a4 greater guan-
tity of oil than 1s present in the sumps--the deficit is made up of alir. As

the scavenge oil-air mixture passes through the de-aerator in the oil tank, the
entrained alr is separated from the cil. The alr, plus any excess air that may
enter the tank from the sump vent line, pressurizes the oil tank. The only
route of escape for the air in the tank is through the tank and sump pres-
gsurizing valves. The overboard vent of the sump pressurizing valve is full open
up to 20,000 feet and pressure in the tank and sumps is established at 3 to 4
psi above ambient pressure by the action of the tank pressurizing valve. At
20,000 feet, the sump pressurizing valve begines to regulate to increage pregsure
in the system. At 28,000 feet, the valve attains full regulation and, added to
the action of the tank pressurizing valve, establishes pressure in the tank and
sumps at 5 to 7 psi above amblent pressure.

0TI, SYSTEM DESTGN LIMITS

Normal limits shown below define a range that is encountered during normal
operations. Ixtreme limits define a range that may be encountered less than 5
percent of the operating time.

Oct. 23/61
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1. TIubrication oil temperature into the engine
Normal... 38 degrees C to 122 degrees C (100 degrees F to 250 degrees F)
Extreme..-40 degrees C to 149 degrees ¢ (-40 degrees F to 300 degrees F)

2, Lubrication oil temperature out of the engine
Normal... 66 degrees € to 149 degrees € (150 degrees F to 300 degrees F)
Extreme..-40 degrees C fo 177 degrees C (-40 degrees F to 350 degrees F)

3. Lubrication oil pressure (Indicated)

Normal.... 12 psig minimum at IDLE rpm
35 to 65 psig at normal rated thrust
Extreme (Cold Start)..... 200 psi (gauge limit)

0il System Flight Attitude Limits

The oil system will perform satisfactorily during continucus engine operation
in the following attitudes:

1. Level fore and aft, 20 degree roll attitude in either direction.
2, Dive or climb angle of O to 30 degrees, 10 degree roll attitude in

either direction.

THRUST REVERSER OIL SYSTEM

The engine oil system provides hydraulic power to position the thrust reverser
doors in either the stowed (forward thrust) or the extended (reverse thrust)
position. Tt also provides the hydraulic power to latch (or umlatch) the re-
verger doors from the stowed position. 01l is gravity fed from the CSD portion
of the engine oil tank to the engine mounted thrust reverser pump where it is
increaged to an operating pressure of 150 psi. From the pump it passes through
a thrust reverser filter, a selector valve, interlock valve, metering valve and
+0 the door lateh and door actuators., Return oll is ported fo the inlet side
of the C3D fuel oil cooler.

Thrust Reversger Indication System

A blue valve IN TRANSIT and smber REVERSE THRUST light are provided for each
engine reverse thrust system. These lights, located on the pilots' engine
instrument panel, indicate the position of the "fail-safe" interlock valve.

OTL SYSTEM INDICATING ELEMENTS

Quantity, temperature and pressure gages are provided for the engine oil
syshtem. Warning lights are provided for both engine and CSD oil systems, and
provigions have been made for preflight checking of the (8D oil quantity.

Engine 011 Quantity Gages

Four engine oil quantity gages, one for each engine, are located on the flight
engineer's instrument panel. Each gage indicates the oll quantity in gallons
in the engine section of the 0il reservoirs. A dipstick, integral with the
gravity fill cap on each engine oil section of the oil reservoir, is available
for ground check cn the ©il quantity.

oct. 23/61L
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C8D Qil Quantity Determination

No provisions have been made for inflight measurement of the CSD section oil
regervoir contents. A dipstick, integral with the gravity fill cap on each CSD
section of the oll reservoir, is avallable for ground pre-flight check on CSD
gsection oll quantity.

Engine Qil Temperature Gages

Four engine o0il temperature gages, one for each engine, are provided on the
flight engineer’s instrument panel. Each gage indicates the oil temperature in
degrees Centigrade. The temperature sengor probe is located between the engine
oil scavenge filter and the engine oil-fuel cooler.

Engine Qil Pressure Gages

Four engine cil pressure gages, one for each engine, are provided on the flight
engineer's instrument panel., Each zZage indicates the oll pressure in psi units.
The oil pressure takeofl point ig Immediately after the engine oil filter.

Engine 0il Pressure Warning Lights

Four engine oll pregsure warning lights, one for each engine, are provided on
the pilets' engine instrument panel. The o0il pressure takeoff point is im-
mediately after the engine oil filter snd the pressurs switches are set to pre-
"determined critical pressure settings. The amber QIL PRESSURE LOW lights will
illuminate when the critical low pressure setting is reached.

¢SD Qil Temperature Warning Lights

Four warning lights, one for each CS8D unit, are available for temperature indi-
caetion purposes in connection with the €8D olil system. The red DRIVE MAL-
FUNCTION lights are located in the electrical ssction of the flight engineer's
ingtrument panel. The warning light will illwninste when a temperature sensi-
tive probe in the CSD unit detects an 01l temperature in excess of 177 degrees
¢ (350 degrees F).

OIL 3YSTEM ELECTRICAL SCURCES

The oll pressure gage system recelves power from & 26-volt =c bus.

The oil temperature gage system receives power Irom a 28-volt de bus.

The oil pressure warning lights receive power from a 28-volt dc bus.

The o0il quantity gage system receives power from & 115-volt, 400 cps, ac bus.
The DRIVE MALFUNCTION warning lights veceive power from a 28-volt dec bus,

For detailed information consult the WIRING DIAGRAM MANUAL.
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HYDRAULTC POWER SYSTEMS

Hydraulic power is provided by two separate and independent systems, the No. 1
hydraulic power system and the No. 2 hydraulic power system, An electric hy-
draulic pump acts as an auxiliary hydraulic power system to operate both normal
systems. The No. 1 and No. 2 systems are connected only at their reservoirs

and through the auxilisry pump pressure supply line. The No. 1 system furnishes
hydrsulic power for nose landing gear operation, nose wheel steering, nose
vwheel brekes, slats and Kreuger flaps, power rudder, one-hslf the power for
spoiler operatlion, the horizontal stabilizer trim system, fuel scavenge pumps
and one center section tank boost/jettison vump. The No. 2 system furnishes
hydraulic power for main landing gear operation, main gear wheel brakes,

slats and Kreuger flaps, power rudder, one-half the power for spoiler operation,
fuel jettison pumps and one jettison pump. The wing flaps can be supplied by
either system, as selected by the pilots,

NO. 1 HYDRAULIC POWRR SYSTEM

The No. 1 hydraulic power system (see Figure 12-1) consists of a hydraulic res-
ervoir, & pump supply line bsost pump, two engine-driven hydraulic pumps on
engines 1 and 2, two emergency hydraulic shutoff valves, two low and three
high-pressure filters, a pressure accumulator, low-pressure switch, pressure
and temperature transmitter, a temperature control valve, pressure relief
valves, check valves, and ground test connections. The gystem uses a pressur-
ized pump supply line send a non-pressurized reservoir return line,

NQ. 2 HYDRAULIC POWER SYSTEM

The No. 2 hydraulic power system (see Figure 12-2) is identical in operation
and, with few exceptions, employs the same components as the No. 1 system. The
hydraulic reservoir in the No. 2 power system is larger and is not equipped
with a filler fitting. It is filled silmultanecusly when the No. 1 reservoir

1s replenished. The No. 2 reservoir also supplies non-pressurized hydraulic
fluid to the suxiliery hydraulic pump. The engine-driven hydraulic pumps for
system No. 2 are located on engines 3 and 4.

Regervoirs

Two stainless steel hydraulic reservoirs are used in the hydraulic power eys-
tems, one for each system. The No. 2 system reservoir has sn indicatible fluid
capacity of 6.7 gallons of hydraulic fluid. The No. 1 system reservolr has an
indicatible fluid capacity of 2.4 gallons. The reservoirs are located on the
right side of the hydraulic and pneumatic compartment. Both reservoirs sre
non-pressurized and are separately vented to the hydraulic compartment. A
fluid connecting line between the two reservoirs permits simultaneous filling
of both reservoirs from one filler opening. The comnecting line is installed
at the reservoir refill level to prevent a lesk in either hydraulic system
from depleting the fluid in the remsining system below an operational level.
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Regervoir Filler Provisions

There sre two methods of filling the reservoirs. A gravity manual fill opening
is provided on the top of the Wo. 1 system reservoir. Both reservoirs can be
hand filled through the one opening. Pressure filling is possible through the
remote pressure filler comnection locabed next to the hydraulic ground test
connections (see Figure 12-3).

Hydraulic Reservoir Sight Gage

A hydraulic reservoir sight gage on the side of the No. 1 system reservoir in-
dicates the fluid level in both reservoirs; either FULL or REFILL. In order to
read the sight gage, both the No. 1 and No., 2 system accumilators must be un-
charged, and the brake accumlator charged.

Pump Supply Line Boost Pumps

A reservoir pump supply line boost pump is loeated on the botton external sur-
face of each reservoir. The boost pumps maintain & nominal TO to 80 psi pres-
sure in the supply lines to the engine-driven hydraulic pumps. Boost pump
motors are opersted by the 3000 psi hydraulic system pressure and normslly oper-
ate in a near stall condition. When a drop in supply lines pressure exists, the
punp automatically increases its output to meet the system demand.

Engine-Driven Hydraulic Pumps

Four variable-displascement engine-driven hydraulic pumps are used. One pump 18
installed on the forward left side of each engine accessory drive. The hydrau-
lic pumps on engines No. 1 and No. 2 supply pressure to the Ne. 1 hydraulic
power system. The hydraulic pumps on engines No. 3 and No. 4 supply pressure
to the HNe. 2 hydrauliec power system.

High and Low Pressure Filters

A high pressure filter is installed downstream of each engine-driven pump.
These filters have no internal relief provizions. A low pressure filter 1s
installed between the reservoirs and each engine-driven pump. A high pressure
filter is slso installed downstream of the grourd test cormection for each
systen.

Pump Inlet Shutoff Valves

A pump inlet shutoff valve is installed in the pressurized supply line to each
engine-driven hydraulic pump. These valves are operated by a dec motor. When
a FIRE-PULL "T" handle is pulled, the d¢ motor drives the valve Lo the closed
position and shuts off the hydraulic fluid flow to the engine-driven pump.

Pressure Line Accumilators

A pressure line accummlator is installed in each mein hydraulic system_(No. 1
and No. 2). BEach unit is puewmatically charged to 900 psi and dampens surges
in the pressure lines. These units also store hydraulic fluld under pressure
for momentary use by the operating systems until the pressure from the engine

Qet. 23/61
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HYDRAULIC COMPARTMENT ACCESS DOOR

w HYDRAULIC POWER SYSTEM NO. 1
FWD

PRESSURE LINE CONNECTION 4/-—
va

*HYDRAULIC POWER SYSTEM NO. 1
SUPPLY LINE CONNECTION

*HYDRAULIC POWER SYSTEM NO. 2%
SUPPLY LINE CONNECTION

i
I
e i
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i [
I

HYDRAULIC POWER
SYSTEM NO. 2
PRESSURE

*WHEN AN EXTERNAL SOURCE
OF HYDRAULIC POWER IS USED
THE AIRPLANE PUMP SUPPLY LINES
FUNCTION AS RETURN LINES TO
THE EXTERNAL POWER SOURCE.
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Hydraulic System Remote Filler
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pump ig sufficient. The normal operating pressure of the accumulators is 3000
pei. A pressure gage 1s attached to each of the pressure line accumuilators.

The range markings are red from 0 to 900 psi and green from 900 psi to 3000 psi.
Gage range is from O to KOO0 psi. The gages indicete the amount of air pressure
in the accumilators when the hydraulic pressure is O psi. They also indicate
the pressure in the hydraulic system when the gystem is pressurized.

AUXTLTARY HYDRAULTC POWER SYSTEM

The suxiliary hydraulic power system supplies pressure to both main systems
(Ko. 1 and No., 2). The auxiliary system is normally used to provide hydraulic
pressure for ground service checkout of the contrcls, and to maintain parking
brake pressurs,

The auxiliery hydraulic power system consists of an electric hydraulic pump,
two filters, and the necessary connections and check valves to connect the
system into the No. 1 and No. 2 hydraulic power systems.

Auxilisry Hydraulic Pump (Electric Driven)

The auxiliery hydraulic pump 1s a three-phase, ll5/200-volt, ac operated, var-
iaeble displacement pump contrelled by the HYD PUMP switch on the flight engi-
neer's panel. The pump is located in the hydraulic and pneumstic compartment.
The pump operates at 3750 rpm and delivers a minimum of 2.45 gallons of hydrau-
lic fluid per minute at 2600 psi. Hydraulie fluid is obtained from the No. 2
system reservolr through an auxiliary suction port located near the reservoir
interconnect line level. An inverted standpipe prevents emptying the No. 2
system reservoir in the event the auxiliary pump is operating and a leak devel-
ope in system No. 1.

Auxiliary Hydraulic Pump Filters

A high-pressure filter is located in the auxiliary pump pressure line to each
main hydraulic system.

HYDRAULIC SYSTEM CONTROL AND INDICATTNG UNTTS

All No. 1 and No. 2 hydraulic power system control switches and indicators exe
cept the pressure indicators for the two power systems and the brake pressure
indicator, are located on the upper left portion of the flight engineer's con-
trol panel (see Figure 12-4).

System Low-Pressure Jwitches

A pressure sensitive switch, located in each engine-driven hydraulic pump pres-
sure line, detects excessive low output pressure. Fach switch connects to a
LOW PRESS warning light located on the flight engineer's penel. The switch
cleses at approximately 1000 psi,

Oct. 23/61
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Pump Supply Low-Pressure Switches

A pressure sensitive switch is installed in the pressurized supply line to each
main hydraulic power system. These switches energize a SUPPLY PRESS LOW werning
light on the flight engineer's panel when the line pressure drops to 10 psi.

Remote Hydraulic Pressure Indicators

A hydraulic pressure transmitter in each main hydraulic power system pressure
line transmits system pressure indications to their respective dial indicalors
located on the copilot's instrument panel. The Indicators are placarded SYSTEM
1 and SYSTEM 2 and are calibrated from O to L4000 psi. A brake hydraulic pres-
sure indicator is also provided.

Tetmperature Transmitters and Indicators

An electric temperature transmitter ig installed in the pressurized pump supply
line ¢f each main hydraulic power system. The temperature transmitters indicate
the hydresulic supply line fluid temperature by means of dial indicators on the
flight sngineer's panel. The temperature indicators are calibrated from minus
TO degrees to plus 150 degrees Centigrade.

Bydraulic Fluld Quantity Indicators

A fIuid level treansmitter in each hydraulic reservoir treansmits fluid level
signals to a dusl-pointer Indicator on the flight engineer's panel. The scale
ranges are zero to 3.5 gallong for the No., 1 tank and zero to nine gallons for
the No. 2 tank.

HYDRAULIC PCWER SYSTEMS EILECTRICAL SCOURCES

Emergency hydraulic shutofT valvesS. s v i iertstsrsassnansnsnasnssanrens 28~volt dec
Auxiliary Dydraulic PUMD . «uv e ieroasononororsnssnanarosannersssan + 1l15-volt ac
LOW-PressUre SWITCHEE e et i s asvi i ns o anasssaraananarosaansarnsans 28-volt de
Pump supply line low-pressure switches.......... D fer e 28-volt de
Hydraulic system pressure indicators...... et e e e eraaana 26-volt ac
Temperature Indicators. i i terarrserntsnsnsarsnrnsrsansnrasa o 115~volt ac
Fluid quantity indicators........coeovsuen Lt ier i e ov. 28-volt de

For detalled information, consult the WIRING DIAGRAM MANWUAL.

Oct. 23/61
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ELECTEICAL SYSTEM

GENERAL AIRFIANE FLECTRICAIL SYSTEM

WOTE: The illustrations and discussions in this chapter include an auxillary
external power receptacle. The auxiliary receptacle 1s required only
on those airplanes having electriec freon system drive units.

The electrical system represents a marked departure from the low-volltage
direct-current systems in general use for many years. All electric energy for
flight overations is supplied by 115-volt, L4OO-cycle, 3-phase, ac generators,
one mounted on each of the four turbojet engines (see Figure 13-1). Direct
current for various airplane requirements is derived from transformer-
rectifiers which convert the 115-volt ac generator current to 28-volt direct
current. Low alternating-current voltage for instrument use 1s derived from
voltage step-down transformers. A 27.5-volt storage battsry provides an
emergency source of de power. External ac power 1s plugged into the system
for use on the ground when the engines are nct running.

To maintain constant frequency and also to combine the output of two or more
ac generators, it is necessary to operate them at the same rotaticnal speed.
This is accomplished by comnecting each generator to the engine through =
hydraulically cperated consiant speed drive (CSD).

CONSTANT SPEED DRIVE

The output or generator drive speed of the CSD units is monitored and adjusted
by the electrical system tc keep the generators synchronized, divide the elec-
tric Zcad equally among them, and disconnect a generator from the iine and
ghut it dowm in case of faulty operation.

The CSD unit functions as an sutomatic differential transmission furnishing
the driving spesd increase or decreage reguired to maintain a constant genera-
Lor speed throughout the engine operatiing range. It will convert any engine
drive speed between 4300 and 7760 rpm to a constant 6000 rpm cutput speed to
the generator. This speed corresponds to a line frequency of 0O cycles per
second.

The operating mechanism of the CSD consists of a variable volume hydraulic pump
connected 1o the engzine drive, a hydraulic motor comnected to the generator,
two governorg, a supply and scavenge oll pump, and electric umits and circuits
Tor eguipment protection and synchronous control (see Figure 13-2). Each hy-
draulic unit contains s cylinder block, a tracking race, and ball pistons which
are kept in firm contact with the tracking race by centrifugal force. The
tracking race of the pump is circular but that of the motor is elliptical.
Passages permit o0il to flow back and forth between the pump and the motor.

The cylinder block of the pump and the tracking race of the motor form a single
unit connected to the sngine drive. The tracking race of the pump, which is
pivoted to provide for varying the pump displacement, is positioned by the
action of the control governor. The cylinder block of the motor is comnected

Oct. 23/61
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t0 the generator drive. There is no mechanical connection between the engine
drive and the generator.

When the engine is turning at the speed for which the C8D is set - in this case
6000 rpm - the control governor will maintsin the pump tracking race in the
neutral position. With the race in this positicn, there will be no pumping
action and the motor hlock will rotate at the same speed as its tracking race.
At lower engine speeds, the governor will move the pump race toward the
increase=-speed position, high pressure will be supplied to the motor, and the
motor bleck will be driven forward within its rotating race. At higher engine
speeds, the governor action will swing the pump race toward the decrease-speed
side of neutral, the o0il flow through the pump will be reversed, and the motor
eylinder block will turn backwards within 1ts rotating race reducing the speed
of the generator.

Overspeed-~-Underspeed Control

An overspeed governor in each CSD unit protects the generator from excessive
speed 1f the primary speed control should fail. If the output speed of the CSD
should exceed 7200 rpm, the overspeed governor dlsconnects the control governor
and actuates a hydraulic valve to move the pump race to the full decrease-speed
position. Normal operation of the unit canncot be resumed until the engine has
been shut down and the oil pressure within the hydreulic unit hasg dissipated.

A second set of flyweights within the governor operates an underspeed switceh.
This switch places the generator on the line when the output speed of the CSD
inereases to between 5625 and 5775 rpm and disconnects the generator when the
speed decreases to between 5400 and 5250 rpm.

Mechanical Disconnect

A switch on the flight engineer's panel actuates a mechanical disconnect mech-
anism, disengaging a face clutch in the drive shaft between the CSD unit and
the engine. This clutch cannot be reengaged during flight. Manual reset 1s
required by pulling the reset handle located at the €SD unit (see Figure 13-3).

Qverrunning Clutch

An overrunning sprag-type clutch is located between each CSD oulput shaft and
the generator drive. This free-wheeling clutch prevents the generator from
driving the C8D 1f the generator should become motorized during an unbalanced
load conditicn.

Thermal Switch

A thermal switch in the oil sump of each CSD provides an indication of an over-
heat condition. A red warning light on the flight engineer's panel illuminstes
when the 0il temperature at the switch exceeds 177 degrees C {350 degrees F).

Oct. 23/61
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Load Controller

Four load controllers, one for each CSD unit, monitor the in-phase current of
each generator and compars it with the average current of all the generators
operating in parallel. The load controller modifies the action of the control
governor in the €SD to vary the torgue output, and correct uneven load distri-
bution (see Figure 13-h).

GENERAL AC ELECTRICAL SYSTEM

The ac electrical system is a statically-excited four-generator system capable
of producing 160 KVA continuously. The output of each generator is fed through
its respective static exciter in the trailing edge of the wing, Just inboard of
the wheel wells. Here, the currents and voltages of the three phases are used
to produce excitation for the generator field. From the exciter, the feeders
continue through the generator line bus-tie contactor to the load bus.

The ac system contains five load buses:; two essentlal, two nonessential, and
a pilot's essential bus. During normal operation, the generators and their
respective load buses are paralleled by an automatic paralleling circuit. Bus-
tie contactors comnnect the generator load buses to a synchronizing bus (see

Figure 13-5).

Protective circuits are installed throughout the ac supply system. These pro-
teetive circuits will automatically isolate a generator and its load bus from
the synchronizing bus, or shut down the generator, depending on the fault or
malfunction.

Warning lights, instruments, and switches are located on the flight engineer's
ac panel for controlling snd monitoring the ac electrical system. Through
selective switching, a generator can be isclated without loss of electrical
power to its load bus. The bus may be supplied electric power by the synchro-
nizing bus.

For ground operation, an external ac power supply unit is plugged into the ex-
ternal power receptacle on the right side of the forward fuselage. The air-
plane's electrical system is protected from damage by & protective circuit

which senses the ground power phase and frequency at the plug (see Figure 13-6).

On some airplane versions a nose towing power receptacle and circuilt are pro-
vided. The receptacle is located on the forward right side of the fuselage at
station 198.  Circuits for the nose towing power system and the external power
system are interconnected to prevent simultansous application of electrical
lasds to the systems.

Oct. 23/61
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AC GENERATCRS

Four 120/208-volt, three-phase, Y-connected, 40O-cycle, statically-excited ac
generators are provided, one in the forward accessory compartment of each
engine. BRach generator is rated at 40 KVA continuous, with a capability of 60
KVA (150 percent of rated losd) for five minutes, and 80 KvA (double load) for
five gseconds. The generators are self ventilated on the ground by means of
integral fans. An alr-inlet scoop con the left door of each engine nacelle pro-
vides ram air to cool the generators in flight.

Two thermal switches provide generator overheat and generator drive-end bearing
overheat warning. One is mounted in the stator end turns and one in the front-
bearing support. Overheat actuation of either switch illuminates a warning
light on the flight engineer's panel.

Permanent Magnet Generator

A small permanent magnet generator (PMG) rotor is on the same shaft as the gern-
erator rotating field. TIts stator provides 55 {#3) wvolt, 1600 cps, alternating
current which is then rectified to 28-volt direct current for field flashing
and control operations. When the generator 1s producing 115 volts, the PMG is
removed automatically as the source of field excitation.

Static Exciter

A static exciter, consisting of saturable-current traunsformers, rectifilers, and
a generator control relay, provides the normal excitation of the generator
field. Imcrease in leoad results in an increase in exciter output to satisfy
the added field current requirements. Conversely, decrease in the load results
in a decrease in exciter output.

AC Voltage Regulation

The voltage output cf the ac generators is regulated by voltage regulators
located in the electrical compartment. The voltage is maintained within 2.5
volts of the rated line-to-ground voltage by varying the dc current from the
static exciter to the field winding of the generstor,

Reactive Biasing

For optimum performance in parallel generator operation, it 1s necessary to
divide the lcad current equally between the generators connected to the syn-
chronizing bus, Load current i1s made up of two components; a real componsnt
which is a direct measure of the work done in the system, and a reactive com-
ponent which is the result of the inductive reactance of the locad.

NOTE: This measure of the two components requires a definition of Power
Factor. Power factor 1s defined as the cosine of the phase angle
difference between the voltage and the current existing in the system.
It may also be considered as the cosine of the angle between the
system's apparent power (KVA} and the real power (KW).

Oct. 23/61
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The division of real power between the generators in the system is governed by
the torque of the constant speed drive. The individual generator control sys-
tem must sense and control the reactive component of the power. For parallel

operation, a reactive load-division circuit is added te bias the voltage regu-
lator to correct for differences in the reactive current between generstors.

Overvoltage-Undervoltage Fault Protection System

An undervoltage relay is provided to protect the generator system and load
equipment from sustained underveltages or underexcitation. If an undervoltage
condition (96 +4 volts) exists on one or more phases for a period of five to
ten seconds, the undervoltage relay will auvtomatically disconnect the generator
from 1ts lead bus.

The overvoltage relay protects the eguipment from sustained overvoltages as
well as high circulating currents caused by overexcitation. If the overvoltage
relay detects an overvoltage condition in one or more phases, 1t will auto-
matically disconnect the generator from its load bus after a time delay in-
versely proportional to the magnitude of overvoltage.

Generator/Fesder Faults

A differential protection relay is installed to remove a faulty generator from
its load bus if any type of feeder or generator-stator short cirecult occurs.

A line-to-line or line-to-neutral current differential of 35 amperes or more
between current transformers in the same phase will caunse the differential
current relay to be energized and the generator o be deenergized and discon-
nected from its load bus.

Unbalanced Current

An unbalanced current circuit, installed in each generator system, coansists of
a current transformer loop in phage "¢" of each generator, a full wave bridge
rectifier, a resistor, and an unbalanced current relay. The unbalanced current
relay senses gnd protecis the generator against loss of real load division by
the constant speed drive. It is effective during parallel operation and pro-

vides back-up protecticon against failure of the control governor.

Loss of real load division will isolate the faulty generator in a paralleled
system. When the current in phase "e¢" of the generators differs from phase "a"
of ™" by more than 50 amperes, the umbalanced current relay wiil isolate this
particular gystem, and the other systems will not be affected hecause of the
reduced magnitude of the error sgignal. After isclation, the other protective

circuitry will deenergize the faulty generator.

Neutral Current and Open Phase

Neutral-current sensing provides a means of detecting an open phase in the sys-
tem, in addition to detecting & line-to-ground or a line-to-liane-to-ground
fault during parallel operation., The clrcult for neutral-currsnt sensing makes
use of the same current transformer loop used for differential-current pro-
tection, except for an additional transformer in the neutral leg of the current

Oct. 23/61
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transformer's secondary loop. For normally balanced 3-phase lcads, the neutral
leg does not carry current since the series ailding currents are restricted to
the interphase loops.

When an open phase exists, current is produced in the neutral leg because of
the missing signal in the transformer secondaries. The neutral current will
flow in the primary of the transformer and energize the neutral-current relay,
thus isolating one or more generators from parallel operation. Once the
faulty generator bas been isolated, it is the function of undervoltage sensing
to trip the systen. -

Load Faults

With 50 to 80 amperes of neutral-line current resulting from a line-to-ground
or from a line-to-line-to-ground fault, sufficient current will flow in the
primary of the transformer to energize the neutral-current relay. The prime
funetion of the neutrsl-current relay ig to initiate action to split the sys-
tem go that each generator assumes its own load (assuming that the load
limiters have not cleared). Should the fault remain In the system once it is
in isolated operation, the undervoltage relay will discomnect the affected gen-
erator.

LOAD DISTRIBUTION

There are three types of load buses which provide for ac power distribution:
eggential, nonesegential, and pilot's essential bus. For detailed information,
consult the WIRING DIAGRAM MANWUAL.

Essential Buses

Fszential buses are thoge required for safe flight. The essentisl buses are
powered by No. 2 and No. 3 generators in isolated operation. If, during pai-
allel operation the No. 2 or No. 3 generator fails, power for the essential
bus is provided by the other generators through the synchronizing bus. The
failed generator switch iIs turned off. The lcoad will remain connected to the
synchronizing bus as long as the bus-tie contactor switch 1s closed.

Wonessential Buses

The ncnessentlal buses supply power to systems not regquired for safety of
flight. The No. 1 and No. 4 generators power the nonessentisl buses in iso-
lated operation. However, the nonessential buses may be energized by the
other generators if No. 1 and No. 4 generastors fail. The failed generator
switch ig turned off and the bus-tie contactor switch is left in the closed
rosition.

Synchronizing Bus

The synchronizing bug is utilized for paralleling the generators, and for
energizing an individual load bus when its generator has failed. This bus
also supplies power to the pilot's esgential bus for external power operation.

Oct. 23/61
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Pilot's Essential Bus

The pilot's essential bus is powered normally by any one of the four generators
selected on the pilot's ESSENTIAL BUS SELECTOR panel. This power is taken from
the generator before the line contactor. Thus, it is possible to have a gener-
ator operating and supplying power only to the pilot's essential bus. The
pilot’s essential bus supplies power to the essentizl flight instiruments, to

a transformer-rectifier for emergency 28-volt dc power, and to = second trans-
former-rectifier for battery charging (see Figure 13-T).

26-Volt AC Instrument Power

The 26-volt ac instrument power is delivered from a msin or standby 26-volt ac
single-phase, stepdown transformer. A two-position 26 V.A.C. POWER switch on
the flight engineer's control panel controls the selection. The MAIN 26-volt
transformer receives its power from the No. 3 essentisl bus and the STANDBY
transformer from the pilot's essential bus.

AUTCMATIC-PARATLIELING

The gutomatic-paralleling circuit ties each generstor te the synthronizing bus
at the proper instant to minimize system disturbances. The automatic-
paralleling relay will synchronize the generators only when they are in the
on~frequency range. It will not bring the generators within the on-freguency
range. The generator output frequency is controlled by the governor in the
constant speed drive.

To synchronize generators, momentarily actuate the EXTERNAL POWER switeh to the
GEN PARATIEY, position, thereby connecting one system to the synchronizing bus
through the seqguence-switching circuits. Each of the remaining systems will
automatically be connected to the bug by its auto-paralleling relay.

Auto-Paralleling Relay

The auto-paralleiing relay consists of a Tull-wave bridge ciroult, an auto-
reralleling relay, and a reference diode. The bridge circuit receives two

1 "

signals: one from phase "e" of the synchronizing bus through a current limit-
ing resistor, and a second from phase "¢ of the system to be paralleled. If
the two signals applied across the bridge network are at different frequencies,
the voltage difference will vary as the difference in frequency. When the mced-
ulstion {(difference voltage) signal has reached the 90 degree point, the magni-
tude of the difference in voltage impressed is sufficient to trigger the break-
down diocdes. The auto-peralleling relay is then actuated until the 270 degree
point ig reached, beyond which the reference diode ceases conducting and the
relay will drop out. The drop-out initiates the paralleiing action.

If the difference in freguency is less than & cps, there will be sufficient
glapsed time To close the various contactors necessary to parallel. If the
difference is greater than & epsg, the auto-paralieling relay will energize
belfore the contactors can close and the generator will not parallel.

The maximum phase difference between the synchronizing bus and the generator to
be paralleled ig 90 degrees. Beyond 90 degrees the system will not parallel.

Oct. 23/61
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Paralleling Sequence

The Ne. 1 generator normally is connected to the hus first and the other gener-
ators are paralleled to it. If, for any reason, the No. 1 generator does not
zo on the bus but remains isclated, the next generator in sequence {(the No. 2
generator) will be cennected to the bus and the other generators will parallel
to it. If the No. 2 generator is not ready to go on the bus, then the No. 3
generator will be connected to the bus and it in turn will be paralleled by
the Wo. 4 generator.

For example, if the No. 1 generator is connected to the bus and the No. 2 gen-
erator will not come on the line because it is out of phase with the No. 1
generator by 100 degrees, then the No. 3 generator will commect to the bus and
the No. 4 generator will parallel it. When the No. 2 generator gets back in
phase with the No. 1 generator, or the synchronizing bus, it will then par-
allel.

FLIGHT ENGINEER'S AC CONTROL PANEL

The operation of the ac system is controlled through the ac contyol panel lo-
cated at the flight engineer’s station (see Figure 13-8)., With the exception
of the pilot's essential bus, this comtrol panel is equipped with the neces-
sary warning lights, instruments, and switches reguired for complete control
of the ac system. The selector for the pilot's esgsential bus power source 1is
on the pilot's overhead switch panel. On some airplane configurations pro-
visione are made for the installation of an essential bus selector on the
flight engineer's ac controcl panel.

The ac system ig operated automatically with all switches in the ON or CLOSE
peaition. The system may be isclated by the action of the protective units or
at the discretion of the flight engineer. The switches and warning lights are
grouped to illustrate the flow and control of the power. There is a generstor-
control switch, a generator line-contactor switch, a bus-tie contactor switch,
end a generator disconnect ewitch for each generator.

Generator Control Switch

Each GEN control switch is a three-pogition, ON-QFF-TEST, safety-type switch.

The handle must be pulled cut before the switch can be moved to the ON or OFF
position. The TEST position is a spring-loaded momentary contact. 1In the OF
position, the generator is allowed to build up and produce power. In the OFF
position, the field of the generator does not receive excitation and the gen-

erator output is less than one volt {as a result of residual magnetism). The

output of the gensrator can be checked by setting the selector switch to con-

nect the generator to the voltage and freguency meters and holding the genera-
tor control switch in the TEST positicn.

Generator Line Switch

Each GEN LINE contactor switch is a two-position, CFEN-CLOSE, safely-type
switch. The handle must be pulled ocut to move the switch to the OPEN or CLOSE
position. The CIOSE position connects the generator to its lcad bus; the OPEN
position disconnects the generator from its bus.

Oct. 23/61
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Bus-Tie Switch

Each BUS-TIE contactor switch 1s a two-position, OPEN-CLOSE, safety-type switch
which must be pulled out to move it to either position. This switch controls
the circuitry for opening or closing the contactor between the individusl load
buses and the synchronizing bus.

Genergtor Digconnect Switceh

Each GEN No. (x) disconhect switch is a guarded two position, NORMAL-DISC,
switch. Actuation of the switch to DISC supplies power for disconnecting the
constant speed drive input shaft from the engine.

External Power Switch

The EXTERNAL POWER switch is a three-position, ON-OFF-GEN PARALIEL, toggle
gwitch. In the ON position, without the engines operating, external power is
supplied to the synchronizing bus and, through the bus-tie connectors, to the
lead buses. With the engines operating and the switch in the ON position,
external power iz supplied to the synchronizing bus only. In the OFF position,
ne external power is applied to the buses. In the GEN PARAILFEL position,
external power 1s disconnected and the generators share the loads through the
synchronizing bus.

Toad Reduction Switch

Two LOAD REDUCTION, two-position, ON-OFF, toggle switches are provided. These
switches control the No. 1 and No. 4 nonessential buses. In the ON position,
ac power is supplied to the No. 1 or No. Y4 nonessential busg, depending on the
position of the corresponding switch. In the OFF position, those units opera-
ting from the nonesgential bus will be inoperative. In the OFF position, the
respective generators still supply power to the other buses through synchro-
rizing bus.

26-Volt AC Power Switch

The 26 V.A.C. POWER switch is a two position, MATN-STANDBY, toggle switch.
Actuation of the switch determines which transformer will supply the 26-volt
ac instrument bus.

Freguency-Volt Selactor Switch

The FREQUENCY/VOLT SELECTOR: switch 1s a seven-position switeh allowing the
flight engineer to read the frequency and voltage of the externsl power unit,
the synchronizing bus, and each individual generator. An COFF position is
provided.

AC SBYSTEM WARNING LIGHTS

Warning iights are located on the flight éngineer's ac instrument panel to
warn of malfunction and indicate the position of the relays that control the
operation of the ac systen.

Oct. 23/61
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Generator Overhest Lights

Four red CEN OVERHEAT lights, one for each generator, are located along the
bottom of the ac panel. A light will illuminate if a generator becomes over-
heated due to drive-end bearing friction or electrical load.

Generator Off Lights

Four amber GEN OFF lighte, one for each generator, illuminate when the genera-
tors are not producing power and the de emergency bus 1s energized.

Generator Line Lights

Four amber generator line CONT QPEN lights, one for each gemerator, illuminate
when the generator line contactors are open and generator power is not con-
nected to the load buses.

Bus-Tie Lights

Four amber bus-tie CONT OFEN lights, one for each generator, indicate the posi-
tion of the bus-tie contactor for each generator. A light illuminates when
the associated bus-tie contactor is copen.

Drive Malfunction Lights

A red DRIVE MAIFUNCT light is provided for each generator. A light will illu-
minate when the constant speed drive of the associated generator becomes over-
heated.

EBxternal-Power Lights

Two white lights, MAIN CONN and AUX CONN, illuminate when the main and the
auxilisry power lines are comnected to the sirplane. Two blue lights, MAIN
ON BUS and AUX ON BUS, illuminate, when main and suxiliary power is connected
to the synchronizing bus.

Logd-Reduction Lights

An amber load-reduction OFF light illuminates when No. 1 or No. 2 nonessential
buses are disconnected.

26-Volt AC Power Lights

Two 26-volt ac power MATIN OUT and STANDBY OUT warning lights indicate the loss
of 26-voit ac power. The main transformer indiecator illuminates amber and the
standby transformer indicator illuminates red upon fallure of the respective
unit.

Oct. 23/61
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AC METER SYSTEM

Ammeters, a fregquency meter, voltmeter, and kilowatt meters, all located on the
ac Instrument panel, enable the flight engineer to monitor the operation of the
ac electrical system.

Ammeters

Four ac ammeters indicate the current output of each generator.

Kilowatt Meters

Four ac kilowatt meters indicate the load output of each generator.

Preguency Meter

A single frequency meter is used to check the freguency of the external power,
the synchronizing bus, and each individual generator. The frequency-volt
selector switch controls the desired gelection.

Voltmeter
A single ac voltmeter is provided to check the voltage of the externsl power,
the synchronizing bus, or each individual generator. The voltmeter selection

is accomplished simultaneously with freguency meter selection.

CIRCUIT PROTECTION

A1l circuits are protected by current limiters, fuses, or circuit breakers.
The circult breakers are located at the flight engineer's station. The Ffuses
and current limiters are located in the slectronic and electrical areas, and
at the flight engineer's station. For detailed information, comsult Chapter
2k of the MATNTENANCE MANUAL and also the WIRING DIAGRAM MAWUAL.

DC ELECTRICAL SYSTEM

The dc system does not use separate dc generators but obtains direct current
through the use of transformer-rectifiers operating on power from the ac sys-
tem. The de system is automatic in operation when all transformer-rectifier
(T-R) control switches and the battery switch are in their normal positions.

The dc system is composed of trensformer-rectifiers, reverse current relays, a
battery relay, an essential bus, an emergency bus, and a 27.5-volt 13.5 ampere-
hour battery (see Figure 13-9).

Transformer-Rectifiers

Four 50-ampere transformer-rectifiers are installed in the right electrical
equipment rack. The No. 1 main T-R unit is powered from the No. 1 nonessentisl
ac bus, the No. 2 unit from the No. 2 essential ac bus, the No. 3 unit from the
No. 3 essential ac bus, and the No. 4 unit from the pilot's essential ac bus.

Oct. 23/61
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The output voltage range of the T-R units is 24,0 to 27.5 volts for an individ-
usl joad eurrent range of O to 50 amperes. Outputs are peralleled during nor-
mal operation, thereby providing a 200-ampere, 28-volt de bus. The T-R units
are of the fan-cocled gilicon rectifier type.

Battery
A 27.5 volt, 13.5 ampere-hour (at a 2-hour rate) nickel-cadmium battery is in-
stalled in the forward nose secticn of the airplane immediately inside the nose

access door.

Battery Charger

The battery charger is a 29.25 to 33.25-volt, O to 20-ampere T-R unlt of con-
vection-cooled silicon rectifier design and is powered from the pilot's ac
essentisl bus. It has an overload capacity of 30 amperes for 5 minutes. The
unit is installed adjacent to the battery in the forward nose section of the
airplsne.

Reverse-~Current Relays

Tdentical reverse-current relays are installed in the output lines of each main
T-R unit and the battery charger. Those in the main T-R unit outputs serve as
bus and wire protection against faults, and also as oubtput control relays. The
relay in the battery-charger output provides battery and wire protection
against faults, and serves as the battery charger output control relay. The
main T-R unit reverse-current relays are located at the dc buses in the elec-
trical compartment. The battery charger reverse-current relay is Installed in
the battery relay box adjacent to the battery.

Battery-Emergency Relay

A S50-smpere relay, adjacent to the battery, connects the battery tc the emer-
gency bus for emergency operation.

Essential Bus Disconnect Relay

A 200-smpere capacity relay isolates the essential bus from the emergency bus

to prevent excessive current drain on the battery during emergency operation.

It is located in the de junction box at the lower aft side of the flight engl-
neer's station.

Current Limiters

A LO-ampere current limiter is imstalled adjacent to, and in the output of,
each main T-R unit for protection of the wires to the main T-R unit reverse
current relays. A 20-ampere limiter is installed adjescent to, and in the out-
put of, the battery charger to protect the wire to the battery charger reverse-
current relay. Three groups of three S-ampere limiters, located in the ac
power distribution box at the base of the flight engineer's station, protect
the wires to the inputs of No. 1, No. 2, and No. 3 mein T-R units. The input
wires to the emergency main T-R unit (No. U4) and the bvattery charger are

Oct. 23/61
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protected by 5 ampere limiters installed on the pilot's essential ac bus adja-
cent to the de junction box. The triple wire feeder through which the battery
supplies the emergency d¢ bus is protected by 20-ampere limiters. Various
small limiters protect wires supplying power from the battery bus.

Aun emergency inverter, controlled by a switch at the Flight Engineer's station,
provides emergency AC power for engine restart if all four engines should
flame-ocut in flight.

Battery Distribution Bus

The battery bus, located in the battery relay box, supplies power to the bat-
tery control switch, the emergency and dome lighting circuit, the landing gear
warning horn circuit, and the main fire extinguisher bus.

DC Power Distribution

FPor detailed dc power distribution consult the WIRING DIAGRAM MANUAL. The
egsgential de bus, leocated in the de Junciion box, supplies power to all egsen-
tial dc loads and to the nonessential dc loads through current limiters and
circuit breakers. The emergency dc bus 1s located in the dec junetion box. It
supplies power from the main T-R units or the battery to all the emergency cir-
cuite through current limiters and circuilt breakers.

FLIGHT ENGINEER'S DC CONTROL PANEL

The de electricsl system is monitored and controlled through the instruments
and switches located on the flight engineer’s dec control panel (see Figure
13-10).

Main T-R Unit Ammeters

Four ammeters, cne for each main T-R unit, are connected to the negative load
of each main T-R unit. The meters are external shunt-type, calibrated from
O to 75 amperes.

Battery Ammeter

The battery ammeter is an external shunt-type, 75-0-75 amperes, connected in
the negative leg of the battery. One half of the scale indicates batiery dis-
charge current with the baittery switch in the EMER position. The other half
of the scale indicates battery charging current with the battery switch in
NORMAL pogition. The meter is located on the flight engineer's panel.

HOTE: The battery ammeter can be interpreted to indicate state of charge of
the battery. If the charging current is low {approximately 0.5 am-
peres), the battery is charged. TIf the meter indicates a charging
rate of around 20 amperesg, it is discharged. The charger will charge
a dead battery in about one hour, during which the ammeter reading will
vary from an initial value of sbout 20 amperes to the final value of
0.5 amperes.

Oct. 23/61
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Voltmeter

A veoltmeter and a six-position selector switch OFF, BATT, TR-1, TR-2, TR-3,
EMER TR-L are provided on the flight engineer's de panel. During normal sys-
tem operation, the switch may be placed in the various positions and the cor-
responding voltages monitored.

DC SYSTEM WARNING LIGHTS

Three amber lights, located on the engineer's de panel, indicate the electrical
cormections in the de system.

When the battery switch is in the NOBMAL position, and the pilot'e essential
bus is energized, the CHARGER RELAY OPEN light will be off. In the FEMER posi-
tion, the light will illuminate. The BUS OFF light in the essential bus cir-
cuit illuminates when the 28-volt de essential bus is deenergized.

The BUS OFF light in the 28-volt de emergency bus circuit illuminates when the
emergency dc bus is deenergized.

Oct. 23/61
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ATR CONDITIONING AND PRESSURIZATION SYSTEMS
(Electrie Freon Drives Installed)

TARLE OF CONTENTS
TITLE PAGE
GENERAL AIR CONDITIONING AND PRESSURIZATION. veuvee.. teansaneanena femeaas SR o

TURBOCOMPRESSOR UNIT..vuveeuvsns caeenns P . 2 S
Tufbil’le ............ N N N I I I R R SR R B A B R N A B A B A N L] LI B B lll‘_s
COIIIPI"E!SS.OI’...........-..-..-.-......-...... -------------- R R R S B B | l)+_5

MR‘TO"‘MR I']EAT EXCHANGERII.II.I.IOI‘lltlllit..l-l.l.ll.l..l‘.l....ll..' ll"-5

FREON COOLTING SYSTEM. vt v nneeroncesannencasaanonoenannasnsssssnonnanennnns 14-5
Freon COMDIE B80T . s ssaeussrasocsancoansonsasnsssnensassenansss ceree.. 14-8
Freon Condensor. cosesesesenasnse nbcananrne Cerenes DR - Hot o
Freon EVaporator. s eeervessesoarcestrassaonnanosarssasannnasnes reener. 1410
Motor COOLling OO . useavasassssnarasorsanasansasanaacnasnns Cerenas . 1hk-10
SUTEE CONTIOLa s s anannamossnsnosmasasanssrssoscasacsasorenascasenssne Liall

FLIGHT DECK ELECTRIC HEATER. s iveuaeescnoasennosnosenansnonans cerenannan . 1hk-11

CABINEIECTRICIEATERSIl‘ll.l.lll....ll‘ll....l..ll...lll.l...l.l.l’..l- lu—ll
Cabin Differential Temperature Control SySteM.....eevecerscorerseees LH=13

CABIN ATR RECIRCULATING SYSTEM. .vsvenesnnosencvancnravasnsaraassasaaasas 14=13
%TmATrEPRESSIJ‘RIZATIONIll.l.l.......l'l..'.l....l.lll.l.lll.l!.l.'lll- lh‘l3
CABIN PRESSURE REGULATOR AND OUTFLOW VALVE...... R L1

VAL s 4 et asmeerarsoancscsasostossnnsaosescossesssoacocvannaanvssnnana L1h-16
CRECK VA lVEE . s eanavavacrsaosaotasssonsssarsensonsoansnsannnannes vee. 1B-16
Modulating Valves. ciseereaererasnoarers P -
Bhutoff VBlveS. vevisssenrnssvannaransenansesnnes eaessasaesseasananses 11T

SYSTW OPERATION-..-..oolollloooonol.alolaluull-tolclo-vlolollllnt0¢'0l0 lLJ'“lT

ATR CONDITTONING AND PRESSURTZATION SYSTEM CONTROLS..2eoevovavaroessesas 14-18
NSt rUmMEntS.sucuvnearasnsonencsansnsnaacnsnn Ceeenen P £ P EE
Alr Conditioning and Pressurization System Control Switches......... 14-22
Air Conditioning and Pressurization System Warhing Lights........ eew  1h-23

AIR CONDITIONING OPERATION. v v vsuvveaneesosoncecranssnsnansssnssoansososnns 1h-24
Inflight Heating..cveeecsonnsnenananaan Ceeermaaeanes A RO
Inflight Intermediate...,....... ietreiiaseesir st aneeannesarasens 1U-26
INFlight COOLANZe e ueernconoroencsracsssvesrsasnsonssononanasonsenss .. 1h-26

Qct. 23/61
K Page 1



CONVAIR MODE}

OPERATION MANUAL,

TABLE OF CONTENTS (CONT)
TITLE PAGE

ATR CONDITIONING OPERATION (CONT)
Ground Heating.ieieeeneesavrononnn cranan Crersvrencrescarsacnnssnannn 1h-29
Ground COOling.l......‘......'.-...'.'....'......l...-...l.---‘..-.l. lu-29

POWER SOURCE . c vt aascnanessnnessesonsossssessasnssarensnsansssnsnsansss 1U-3P
Engine Bleed Alr...icueesnresesonrossansssarassnoseanrsosancaseneanran 14-32
Non-Essential AC Bus Systefi....... O I o
Essential AC Bus System.....vrveeessesnoaresaoccssasasaeanns vareawas 18232
28-Volt DC Bus Systel..vieesissoacssassonanns O

ATR CONDITIONING AND PRESSURIZATION SYSTEMS
{Pneumatic Freon Drives Installed)

GENERAL ATR CONDITIOWING AND PRESSURIZATION. . vvesevrnanea crescrinennsaee  14-33

TURBOCOMPRESSOR UNIT. e vuveronens Mt sriamaesaesasacannns cevatrraeneaas  14-33
T.u-rbj-ne-c..t ----- L B I B R O I O I S IR A B A S Yo om e oEoaaa L Y 11‘""37
COMPTESE0T v e vr sunnenens Ceersaeaanans Cererenenn e esesee e ereees  1bo37

ATR-TO-ATR HEAT EXCHANGER..... s ceerenanaan reesetraeaeaa D S €

FREQON COOLING SYSTEM. v everens PeesrsrEranasaa b eenra i ac e s e .. weaees 1h-37
Freon COmpressor....e..s.. e eseceanresesnaseaean Crreerannae S R T
Freon Condenser...ueeee.. ceeenaena Ceesenearaeaans Cedraarean vesesnsan. 1h-bo
Freon Bvaporator....veseesnesses. Creraanes st ettt enne . 1habp

CABIN ELECTRIC HEATERS. . vveoeerees Ceetebesaaanaanaans tebrenensanesnnansas 1he43

Check Valves..eveevns.. o eeareann et AR 90 1L ¢
MoAulating ValveS.evevesresnenen feerrraran Cet et reeteacaareh e aans 1hob7
&]utoff Va'lveslcl-oo-. -------- [ N ] A E R R E R ] 4 a4 4 praenaa .. a ll\"_h'a

Y ST O RA T TN . 4t s v vt v s nneneneanasnsnsressssnarenssonsensans B L/ T3

AIR CONDITIONING AND PRESSURIZATION SYSTEM CONTROLS......... chirerararna 1448
Instruments....o..... ereenn N e haaereneneccatoennnranas eerecneraaas 1h4B
Air Conditioning and Pressurizstion System Control Switches......... 14-53
Mr Conditioning and Pressurization System Warning Lights..... seeven.  1h-Sh

Page ii K



CONVAIR MODE)

OFERATION MANUAL

TABLE OF CONTENTS (CONT)

TITLE PAGE

ATR CONDITIONING OPERATION. .+evevee.- A B ¥ 1
Inflight HeBhing. e eocannesasssosasssossssuncesssaoneersanssansnns 14=55
Inflight TntermediBte. useeeesreroreacsessaenasasanasesanosnnnannnas 1H-55
TnFlight CO0ldng. sueucavrasosaosvssnesonssnansesononssnanosssnsansnsa 1458
Ground HeGtilnZ. cvevevesesensnesaoasaoeresosensrenssessantnsosnasanssa 1458
Ground COOLimE. s envsvsneresessarsnsseosenssoserasasssnaseassnnrasnss 181

POWER SOURCES. cveaveoassaannsarsortrassstannnarasensasnsnnnassnnnnasnass LH=-61
Engine Bleed Alr...ueveeseeecasensaananssonassosssesesascsconarassss LhHaBl
Non-Essential AC BUS SySteM. cevesscesassrotoassinsersaosnsnnnsnessns 1461
Essential AC Bust SySheM..ueeesereereenrsoasecasnasrossaansasesncnanss 1461
28-Volt DC BUS SySteluuueususeeervesortrsronononeranens hheaerenaenan 14-61

Qect. 23/61
K Page 1i1i



CONVAIR MODE_L}

CPERATION MANUAL

ATR CONDITTONING AND PRESSURTIZATION SYSTEMS
(Electric Freon Drives Installed)

(GENERAL ATR CONDITIONING AND PRESSURIZATTON

The gir conditloning and pressurization system provides passenger and crew Ccom-
fort under all anticipated temperasture conditions et airplene altitudes up to
41,000 feet. The pressurizaetion equipment maintains ses level pressure in the
cabin up to an airplane altitude of 21,300 feet, asnd an 8000-~foot cabin pres-
sure up to an alrplane sltitude of 41,000 feet. The air conditioning equipment
supplies a complete change of silr in the cabin every two and one-half minutes
and in the crew compartment every minute, The inside temperature can be main-
tained between 18 degrees C and 33 degrees C {65 degrees F and 90 degrees F),
with outside temperatures -54 degrees C to 38 degrees ¢ {-65 degrees F to 100
degrees F), (See Figures 14-1 and 14-2.)

The cabin pressure and temperature are normally controlled automatically, but
can be regulated manually at the discretion of the crew. The change of c¢abin
pressure during rapid descents is controlled auvtomatically at any preset rate
between 50 to 2000 feet per minute.

The sirplane is equipped with two independent and parallel pressurizetion and
air conditioning systems. One system supplies air to the flight deck, the
other to the cabin (see Figure 1L-3). Two turbocompressors, driven by engine
bleed air, provide an ample supply of compressed sir to maintaln the required
cabin-air density during high-altitude operations, Inflight heating is pro-
vided by the compressing action of the turbocompresscrs., An electric heater is
available for flight compartment heating (ground operation only). An air-to-
sir heat exchenger snd a refrigeration unit in each system provide the cooling
required to keep the cabin air at the selected temperature.

A recireulating fan can be used for recirculating the air through the csabin,

A crossover duct provides a means of connecting the two systems 1f one turbo-
compressor should fall, Alternate pressurization is provided by bleed alr from
the engines.

The gages and switches for monitoring and controlling the operation of the air
conditioning and pressurization system are located on the flight engineer's
panel. The cabin pressure altitude, the cabin temperature, and the rate of
change of cabin pressure can be regulated automatically or controlled manuslly.

As tHe two air conditioning systems are ildentical, it will suffice to describe
only one of them, Essentially, each system consists of a turbocompressor; a
primery sir-to-air heat exchanger; a refrigeration package; valves, regulators
and switches for controlling the operation of the system; and the necessary air
passages and ducts,

TURBQCOMFRESSOR UNIT

The turbocompressor supplies pressurized fresh air to the air conditioning sys-
tem at the proper weight-flow and pressure to maintain the preselected cabin
pressure. Fach turbocompressor conslsts of a single-stage turbine and & cen-
trifugel single-stage compressor mounted on s common shaft.

Oct, 23/61
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COMPARTMENT COMPARTMENT

71 FA TO WINDSHIELD FROM
RAIN CLEARING ﬁ ~ CABIN

TO FLIGHT TO CABIN ‘

ENGINE STARTER
CONTROL VALVE
(TYP 4 PLCS) (REF) |

=

3

BLEED AIR 'l BLEED AIR
LEGEND: OVERBOARD IOVERBOARD
[~ ] ENGINE BLEED AIR
] SYMBOLS:

V7/77] PRESSURIZED AND
HEATED AIR

CONDITIONED OR

CABIN AIR
RAM OR FRESH AIR

RECIRCULATED

LT vaLve open
@ VALVE CLOSED

VALVE MODULATING

-

CABIN AIR @ CHECK VALVE
RSN GASEOUS FREON
LIQUID FREON
OVERBOARD
OUTLINE
OF PLENUM
CHAMBER
LEFT <> | o RIGHT
MAIN WHEEL WELL | MAIN WHEEL WELL
CODE:
1. TURBOCOMPRESSOR SHUTOFF VALVE 25. BACK PRESSURE REGULATOR VALVE 55, AIR FLOW SENSOR AND TRANSMITTER
3. TURBOCOMPRESSOR 26. MOTOR COOLING EXPANSION VALVE 63. ELECTRIC HEATER — FLIGHT DECK
4 TURBOCOMPRESSOR FLOW CONTROL 30. CONDENSER GROUND COOLING AIR SHUTOFF 64. FREON COMPRESSOR
7. HEAT EXCHANGER VALVE 65. CONDENSER FAN
8. CONDITIONED AIR CHECK VALVE 31, CONDENSER COOLING AIR MODULATING 66, TURBOCOMPRESSOR CHECK VALVE
9. FREON EVAPORATOR VALVE 67. ENGINE START CHECK VALVE
10. CONDITIONED AIR EMERGENCY SHUTOFF 32, ENGINE BLEED AIR VALVE 68. TURBOCOMPRESSOR SURGE VALVE
VALVE 33. OUTBOARD LEADING EDGE ANTI-ICING VALVE 69. FREON COMPRESSOR SURGE VALVE
13. RECIRCULATION FAN 34. MIDSECTION LEADING EDGE ANTI-ICING VALVE 71. FLIGHT COMPARTMENT AIRFLOW LIMITER
14. RECIRCULATION CONTROL VALVE 35. INBOARD LEADING EDGE ANTI-ICING VALVE 80, BLEED AIR OVERPRESSURE SWITCH
16. RECIRCULATION AIR CHECK VALVE 36, HEAT CONTROL MODULATING VALVE 113, PLENUM CHAMBER PRESSURE SWITCH
17. RAM AIR SHUTOFF VALVE 37. EMERGENCY CABIN AIR FLOW VALVE 115. WATER SEPARATOR
18, CROSSOVER SHUTOFF VALVE 38. BLEED AIR EMERGENCY WING ISOLATION 203. FREON DRIER AND STRAINER
19. HEAT EXCHANGER COOLING AIR VALVE 213, NOZZLE ACTUATOR
MODULATING VALVE 41. WINDSHIELD RAIN REMOVAL VALVE 223. VENTURI DUCT
23. FREON CONDENSER 42. ENGINE START AIR CONNECTION
24, FREON EXPANSION VALVE 44, ENGINE INLET DUCT LIP ANTI-ICING VALVE 300221122
Air Conditioning System Schematic Oct. 23/61
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Turbine

The turbine is driven by bleed alr from the main bleed-air manifold which re-
ceives air from the seventeenth compressor stage of each engine through a pres-
sure regulator that reduces the pressure of the bleed air to 40 psig. After
passing through the turbine, the bleed air is dumped overboard {see Figure 14-4),

Bleed air enters the turbine through a turbocompressor shutoff valve to a vari-
able ares nozzle controlled by & flow sensor et the compressor outlet. The
sensor deétects variations in alrflow and sutomatically increases or decreases
the nozzle opening to adjust the turbine speed accordingly. An rpm Indicator,
indicating turbine speed, 1s located on the flight engineer's panel. An over-
speed control shuts off the supply of bleed air 1f the turbine speed increases
to between 5#,000 and 56,000 rpm. When the turbine overspeed cutout is tripped,
the unit must be reset masnually on the ground.

Compressor

Alr conditioning ram air enters a plenum chamber through two large air scoops
benesth the fuselage near the wing leading edge snd passes directly into the
compressor inlet. As the air passes through the compresscor it iz compressed
and heated. If additional heating is required, a portion of the compressed air
is recireculated through the compressor. A heat contrpl modulating valve, regu-
lated by the temperature control subsystem in the air conditioning system, con-
trols the percentage of the compressor discharge air to be recirculated. A
surge valve, also located at the compressor outlet, diverts compressed air back
to the plenum chamber when a decrease in airflow through the compressor 1s ac-
companied by a marked increase in outlet pressure, This condition would arise
in the case of a blocked duct. A check valve prevents reverse flow through the
compresser when it is shut down,

ATR-TO-ATR HEAT EXCHANGER

From the compressor, the heated compressed air passes through an air-to-alr
heat exchanger for primsry cooling., The heat exchanger has a double-deck plate
and fin core with vertical passages for ram air and horizontal passages for
compressed cebin air (see Figure 14-5). The cabin air passes over and back
through the two decks of the core. The ram air mekes a single pass verticsally
through the core and absorbs heat from the plates and fing thus cooling the
cabin air flowing through the horizontsl passages.

The ram air enters the heat exchanger through a cooling air modulating valve
controlled by the temperature contrel subsystem of the air conditioning system.
The amount of cooling varies from full capacity cooling to no cooling, depend-
ing on the pésition of the modulating valve,

FREON COOLING SYSTEM

Secondary cooling 1s provided by a closed vapor-cycle refrigeration unit located
in the sir conditioning compartment of the airplane., The unit comsists of a

Oet. 23/61
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compressor, condenser, evaporator, and associated control devices (see Figure
14-6). Freon 114, a nonpoisonous fluid which boils at 3.5 degrees C (38.4 F},
is used as the refrigerant, BSpecial o0il ie mixed with the Freon, about 1 part
in 20, to lubricate the bearings and other internal moving parts. The system
ig designed for either automatic or manual control and will maintain sitsble
operation when adjusted for any amount of cooling between full capecity and
essentially no cooling.

A vapor-cycle refrigeration depends on the latent heat of condenser and vapor-
ization of a refrigerant tec produce the desired drop in ventilating air temper-
ature, The refrigerant, in = gaseous state, is passed through a compressor
where 1t is compressed and heated. The compressed gas is then coollng and con-
densed in a heat exchanger that disposes of the latent heat relessed when the
gas condenses. The refrigerant, now in the liquid state, flows through another
heat exchanger where it changes back to gas. The heat needed to vaporize the
liquid is extrected from the cabin air which the unit was designed to cool.
From the evapcrator, the gas is returned to the compressor and the cycle is
repeated.

Freon Compressor

The Freon gas 1s compressed and heated in & ftwo-stage centrifugal compressor
with sweptback blades which permit & wide stable operating range for various
compressor flows at nearly constant speed. The compressor is driven by a 3-
phase, 400-cycle, 115/200-volt ac induction motor. The motor will develop
about 25 hp and provide an 8-ton cooling capacity at a power factor of approxi-
mately 85 percent.

The motor ig cooled and. lubricated by circulating Freon through the bearings and
passages in the motor housing. A back-pressure contreoller limits the operating
current to 88 amperes per phase. Cutout switches, in conjunction with a lockout
relay, protect the compresscr from damage due to motor overheat, Freon dis-
charge overheat or Freon overpressure. Another circuit protects the motor from
burning out in the event a current limiter opens in the 3-phase power line.

Freon Condenser

The Freon condenser is a Freon-to-air type heat exchanger in which the hot com-
pressed Freon gas is cooled and condensed to a liquid. Cooling is provided dur-
ing most flight conditions by allowing ram air to pass through the condenser.
For slow flight and ground cooling, plenum &air is drawn through the condenser
by an electric fan. BSufficient condenser cooling is provided to change the
Freon gas to a liquid and subcool it to keep the liquid from flashing into a
gas when it leaves the condenser.

The ccoling air leaves the condenser through a Y duct. 1In flight, the cooling
air discharges through the condenser cooling air modulating valve and is dumped
overboard. On the ground, the cooling air leaves the condenser through the
ground cocling air shutoff valve, passes through the fan, and empties into the
main landing gear well. The modulating valves are regulated automatically to
maintain the correct Freon temperature.

Oct. 23/61
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Freon Refrigeration System Schematic
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A liquid level gage provides a visual indication of the amount of Freon in the
condenser. For an accurate check, the reading should be taken with the Freon
package operating and with the condenser as cold as possible. A spring-loaded
relief valve cn the top of the condenser will open if the pressure in the con-
denser reaches from 170 to 180 psig. This pressure is well above the normal
operating range.

A Treon drier and strainer unit with a replsceszble cartridge is located at the
condenser outlet. The cartridge contains a chemical drying agent (desiccant)
surrounded by a filter sereen. All Freon leaving the condenser is strained by
the filter screen to prevent the cireulation of foreign particles through the
system. A portion of the Freon also comes in contact with the desiceant which
remeves any moisture and prevents corrosion within the system.

Freon Evaporator

From the condenser, the cold liquid Freon flows through a thermostatic expan-
sion valve to the evsporator where it 1s completely vaporized before it returns
to the compressor to complete the vapor cycle. The heat to "boil" the liquid
Freon 1s extracted from the incoming ecsbin air.

The evaporator is a Freon-to-sir heat exchanger wade up of an outer shell and
two headers comnected by a core containing tubes. The Freon flows through the
tubes while the cabin air from the turbocompressor passes through the spaces
between the tubes and the outer shell. As the cgbin air is coocled to the dew
point, the moisture in the air condenses on the core surfaces in the form of
small water droplets. A fine mesh screen separates the small droplets from the
cabin air. The water drains into a water collector where cabin air pressure
foreces it through & spray tube which sprays the water over thé ram air inlet

of the condenser core.

The thermostatic expansion valve in the Freon line from the condenser regulates
the flow of Freon intco the evaporator and the degree of superheat at the evapo-
rator outlet. The operation of this valve is controlled by a temperature
sensing element in the ocutlet header of the evaporator., The flow of Freon into
the evaporator is restricted to & rete that will assure complete vaporization
and additional heating of the vapor before it leaves the evaporator. This
valve also prevents liquid Freon from flooding the evaporator when the Freon
package is shut down.

The boiling temperature of the liquid Freon depends on the vapor pressure with-
in the evaporator. The cocling provided hy the evaporator is regulated by
contrelling the vapor pressure within the evaporator through the action of a
back-pressure valve located in the Freon line between the evaporator and the
compressor. The action of this valwve is controlled automatically by the cabin
temperature control system.

Motor Cooling Logp

A second Freon loop is provided to cool the motor and compressor, ILigquid Freon
Tfrom the condenser outlet passes through a thermostatic expansion valve into
the section of the compressor housing enclesing the electric motor. From there

Oct. 23/61
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it empties into the compressor inlet. This valve is controlled by & unit which
senses the temperature of the Freon after it leaves the motor housing. In this
loop, the liquid Freon is vaporized by heat extracted from the cabin air.

Surge Control

A third Freon loop connecting the compressor outlet with the compressor inlet
controls pressure surging in the compressor., Freon flow through this loop is
controlled by a surge valve. In case of limited weight-flow accompanied by an
excessive pressure differential through the compressor, the surge valve will
open and some of the Freon will be recirculated. The increase in turbine tem-
perature due to recirculating the Freon causes the motor-cooling thermostatic
valve to allow more Freon to circulaste through the motor cceling loop. Thus,
during times of Freon recirculation through the surge valve, the compressor,
motor is overcooled to limit the Freon temperature at the compressor outlet.

FLIGHT DECK ELECTRIC HEATER

The flight deck electric heater 1s an expanded section of supply ducting comn-
taining seven heating elements and an overheat switch., The heater terminals

are connected to 115/200—volt, 400-¢cycle, 3-phase, ac power through contacts

of the heater relays. The overheat switch, consisting of three normally closed
contacts in series around the three phases of the first heater element, connects
the relay coil to ground through contacts of the recirculation fan motor relay.
The heating elements are relay energized in seven increments, to provide modu-
lated heating from zero to full capacity when heating of the recirculated air

igs scheduled. When low flow requirements, coupled with high scheduled heating,
cause excesgive element heating {to 350 degrees F 177°C) or if the recirculation
fan is turned off, the duct heater will be incperative, since actuating either
the thermal switch or fan motor relay will interrupt the 28-volt de relay ground
removing power from the elements. The thermal protective switch will automati-
cally reset when tewperatures fall below 35C degrees F (177°C). The heater can
only be used on the ground. (See Figure 14-7,)

CABIN ELECTRIC HEATERS

Two electrical heaters, located in the cabin overhead, heat conditioned air to
a gelected temperature prior to distribution in the cabin. The heaters are con-
trolled by the eabin differential temperature control system.

Fach. heater is divided into two parallel sections. Air enters the heater from
the forward side then passes through ducting to the forward end aft cabins.
Bare wire heating elements in each heater, are wye-comnected for 3-phasge ac
power. Each element is capable of heating 4] pounds of air per minute.

Two normally closed thermal switches are located in each heater., If the air
temperature exceeds 130 degrees F (72°C) the switches open, breaking continuity
to the heater elements. When the temperature goes below 130 degrees F (72°C),
the switches close.

Oct., 23/61
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Cabin Differential Temperature Control System

A maximum temperature differentisl of 2 degrees F (1.1°C) is maintained between
the forward and aft cabin sections. Each of the heaters is controlled by the
temperature differential control system. The cebin differential control system
consists of the cabin temperature control panel, ground modulating power supply,
modulating power supply, temperature differential controller, temperature
sensors and related circuitry.

After the desired cabin temperature has been selected on the flight engineer's
air conditioning panel, conditioned air from the under-wing turbocompressors
enters ducting in the cabin overhead section. The air passes through the two
heaters, and i1s duected to the forward and aft cabin sections, The heater dis-
charge air temperature and the cabin discharge air temperature are each wonitor-
ed by sensors in both the forward and aft cabin sectione. Signals from the
gensors are sent to the temperature differential controller which compares the
slgnals and schedules the system to supply warmer alr to the colder cabin.

CABIN ATR RECIRCULATIWG SYSTEM

The recirculating system is used primerily to provide cabin ventilation when
the airplane is on the ground and when taxiing on a hot day. In flight, the
system can be used as a supplemental source of alr when one of the turbocom-
pressors is shut down. The system is connected to the flight deck and cabin
air conditioning systems through the conditioned air crossover duct,

The recirculating system consists essentially of a two stage fan driven by a
hOO-cycle, llB/EOO—volt ac electric motor and a cabin air control valve, The
fan is conbrolled through an AUTO-OFF-MAN toggle switch on the flight engi-
neer's panel.

ATTERNATE PRESSURTZATTON

Bleed air can be used for alternate cabin pressurization. Two bleed air lines
connect the bleed air manifold with the c¢abin and flight deck alr conditioning
systems downstream from the turbocompressors, Two toggle switches on the flight
engineer's panel control the alternate flow control and shutoff valve in each
bleed air line. 8Since the bleed air passes through the primary heat exchangers
and the Freon evaporators, 1its temperature is regulated by the cabin temperature
control system {see Figure 14-8).

CABIN PRESSURE RECULATCR AND QUTFLOW VALVE

Two cabin pressure regulator and outflow valves maintain the desired pressure
level within the airplane. The two valves control the pressurization level, or
cabin altitude, by regulating the amount of air exahusted from the pressurized
compartment. They alsc serve as pressure relief, vacuum relief, and dump
valves (see Figure 14-9).

The forward outflow valve is located on the floor of the electrical compart-
ment, and the aft outflow valve is located below the aft lavatory. Both valves
are mounted on short transition ducts which adapt the cirecular wvalve ocutlet to

Oct. 23/61
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8 rectangular discharge port in the skin. The two valves are identical except
for a coarse screen which is wrapped around the forward valve. The screen will
prevent the electrical compartment curtain from being sucked into the valve
assembly should the curtaln come lodse., Primsry cohtrol of bhoth valves 1s main-
tained by the cabin pressure controller on the flight engineer's control panel.

When the PRESSURE REGULATORS control switches are placed in the AUTO positien,
the operaticn of the pressure regulator and outflow valves is completely pneu-
matic., When operated manually, an electric motor is used to position the out-
flow valve. If the valves are ¢losed electrically the pressure and vacuum re-
lief functions also require electric power, Many faill-safe Ffeatures are incor-
porated in the design of the cabin pressure control subsystem. When operating
in the sutomatic mode, a failure of one valve to the closed position will cause
noc change in pressurization because the other wvalve has the capacity to regulate
the entire outflow. If both valves fall to the closed position, the pressure
and vacuum relief functlons will still operate. If one or both valves fail to
the open position, a cabin pressure limiting device will close the valves enough
to maintain a cabin altitude of 13,000 (22,000) feet.

If two failures occur in one valve, such as a failure in the closed position
and 2 failure of the pressure relief function - the manual controls can over-
ride the pneumatic system. Another safety festure is included in the wiring
installation to prevent accidental dumping of cabih pressurization by a short
cireuit, The "manual open” control eircuit 1s completely shielded with a
grounded metallic sheath. The sheath will ground any "hot" wires that wmight
come in contact with this critical wiring, and will actuate the appropriate
overload protection to remove the power. Terminal connecticons on the manual
control switches are "potted” to further reduce the possibility of trouble.

If the aft outflow valve should fail in the closed position, an Inward-cpening
check valve allows more ailr to enter the electrical chamber directly from the
cabin. If the forward outflow valve should fail in the closed position, an
cutward-opening relief valve allows air from the cooling fan to discharge into
the cabin.

VALVES

The control and operation of the sir conditioning and pressurization system
depends primarily on the functioning of various valves located throughout the
system. Check valves are placed at strategic points in the system to prevent
reverse flow;. modulating valves regulste the rate of flow through the passages
in which they are located; and shutoff valves are utilized to start and stop
certain operations. Some of the modulating valves also serve as shutoff valves.

Check Valves

A check valve is located between each turbocompressor and corresponding emergen-
¢y bleed air inlet to prevent reverse flow through the turbocompressors when

the bleed air is turned on. A second pair of check valves is located in the
ducts leading to the flight deck and the cabin, upstream from the crossover
passage connecting the two alr conditioning systems. When one of the systems

Oct., 23/61
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has been shut down, the corresponding valves will close and keep the condition-
ed sir from entering the inoperative system. This alsoe prevents loss of pres-
surization should & duct break occur in the plenum asrea. Ancther palr of check
valves isolates the recirculating blower from the two sir conditioning systems
when the blower is not operating, These check valves also prevent engine bleed
air from entering the recirculating blower housing when the alternate pressuri-
zation system 1s actuated.

Modulating Valves

The speed of each turbocompressor is regulsted by a variable-area nozzle func-
tioning as a modulating valve to control the flow of hleed sir through the tur-
tine. The recirculation of compressed air through the compressors is regulated
by the cabian heat control modulating valves. Two meodulating valves regulate
the flow of cooling ram alr through the primary heat exchangers and an addi-
ticonal pair of modulating valves controls the flow of ram alr through the Freon
condensers,

The air supply for the recirculating blower is controlled by a shutoff valve in
the cabin air recirculsting duct. This valve glso functions as a shutoff valve
to close the passage when not in use, The cabin air outflow valves modulate
the rate at which the cabin gir is released to the atmosphere and close the
outflow openings when conditions warrant.

Four moduleting valves in each Freon package regulate the flow of Freon through
the three Freon loops. The Freon back pressure valve controls the cooling out-
put of the unih; one expansion valve controls the flow of liquid Freon to the
evaporator, snother expansion valve controls the flow of liquid Freon through
the compressor bearings for cooling and lubrication, and a fourth medulsting
valve regulates the reclrculation of Freon gas through the compressor.

Shutoff Valves

Mogt of the alr conditioning and pressurization equipment is turned on and off
by shutsff velves, The turbocompressors are turned on by opening the turbocom-
pressoy bleed ailr shutoff valves, Two shutoff valves in the emergency bleed

air ducts supply b leed air to the air conditioning systems when both turbocom-
pressors are inoperative. An emergency shutoff valve In each system can be used
to ¢lose either the conditioned air supply duct leading to the cabin or the one
leading to the flight deck. Two motorized check valves, one in each ram air
inlet, can be opened to admit ram air directly to the flight deck and the cabin,
These valves cannot be opened when the cabin pressure is higher than that of the
ram allr.

SYSTEM OPERATTCN

Ram air from the plenum chamber is compressed and heated by the compressors.
The cabin heat control modulating valves regulate the amount of sir that will
be recirculated through the compressors for additional heating. The compressed
air then passes through check valves and enters the primary heat exchangers
where 1t is cooled, as required, by ram air from the plenum chamber. The
amount of cooling is regulated by wodulating valves that control the flow of
cooling ram alr through the heat exchangers.
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The conpressed sir then passes through the Freon evaporators where its tempera-
ture may be further reduced by the vaporizing action of the Freon. From the
evaporator, the air flows through the electric heater (flight deck system) that
can be used to heat the Incoming air while the airplane is on the ground.

The conditioned air flows past the sirflow sensors asnd transmitters that pro-
vide an indication of turbocompressor, or fan air-weight flow. It then flows
through a flow limiter which permits sbout 10 percent of the air to flow to
the flight compartment. The remalining sirflow is routed to the cabin,

The recirculsting bhlower is used for air conditioning on the ground and to im-
prove ventilation in flight when one of the turbocompressors has been shut down.
The cutflow valves allow the sir to escape from the cabin at a rate that will
maintain the scheduled cabin pressure.

ATR CONDITIONING AND PRESSURIZATTON SYSTEM CONTROLS

The instruments and controls for morniteoring and reguleting the air conditioning
and pressurization systems are located on the flight engineer's panel {see Fig-
ure 14-10).

Instruments

Two COMPR RPM gages indicate the speed of the turbocompressors. Two COMP RBEAR-
ING TEMP gages indicate the temperature of the turbocompressor bearings. A

dual COMPRESSOR ATR FLOW gage registers the air flow from each air conditiconing
unit in lbs/min. A CABRTIN TEMP gage provides an indication of cabin temperature
and, by use of a rotary selector, the gage can also be used to monitor the
cperation of the Freon packages, Placing the selector in either the LH or RH
FREON EVAP position provides an indication of the Freon evaporator discharge sir
temperature for the respectlve package.

A CABIN ALTIMETER and CABIN DIFFERENTIAL PRESSURE indicator, a cabin CLIMB in-
dicator and a CABIN FRESSURE CONTROL are located in the lower half of the con-
trol panel.

The cabin pressure controller (see Figure 1h-11) is used in conjunction with
two cabin pressure regulating outflow valves to contrel cabin pressure. It
controls the cabin pressure regulator and outflow valves by varying a reference
pressure transmitted to the pneumstic relay in each wvalve.

The cabin pressure controller 1s located on the lower right side of the flight
engineer's air conditioning and pressurization control panel. Three indicators
and three control kncbs are incorporated in the controller. The nain dial and
pointer indicate the selected cabin altitude within the range of minus 1,000 to
plus 10,000 feet, The small inner dial at the top indicates the maximum flight
altitude at which the selected cabin altitude can be maintained. The dial in
the upper right side is the barometric correction scale, and is calibrated in
inches of mercury. The three control knobs are the cabln altitude control, the
warometric correction contrel, and the rate control.
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The cabin altitude control knob 1s used to set the desired cabin altitude on
the main dial. The barometrie control is set at the local altimeter setting
prior to teke off or landing. The rate control knob is used to establish the
rate of climb or descent in ca&bin altitude, The rate control knob can be set
to meintain any rate between 50 and 2,000 feet per minute.

The cabin pressure controller has three separate pressure controlling systems
or modes of operation. They are a selective pressure rate of change, & vari-
able isobaric, and & fixed differential pressure system. These systems operate
one at & time to establish the reference pressure, and the transition from one
to ancther is sutomatic,

A, Selective Pressure Rate-of-Change Control.

The selective pressure rate-of-change control system consists of the rate
control spring, a rate control diaphragm which separates the housing into
two chanbers, and a connecting drilled passage with filter, capillary tube,
and rate chamber metering valve,

RB. Isobaric Control.

The varisble isobaric control system consists of an evacuabed isobaric bel-
lows and rocker arm which are connected to an isobaric metering valve
through a rate control spring. An ilsobaric calibration spring and isobaric
ealibration screw are secured to the rocket arm, and are Indexed to a cabin
altitude pointer through a gear train.

C. Fixed Differential Control.

The Fixed differential control system consists of a spring-loaded differen-
tisl disphragm, a differential metering valve and a differentisl calibration
serew. One side of the differential diaphragm is vented to atmospheric
pressure and the other side of the differential diaphragm is exposed to
reference pressure., This system also incorporates a fail safe feature
consisting of an emergency differential control seat end orifice.

D. PRarometric Pressure Correction,

The barometric pressure correction mechanlsm consists of a barometric pres-
sure correction knob, a gear train linked to the variable isobaric control
spring, and a window dial calibrated over a renge of 28,0 to 31.0 inches of
mercury absolute.

E. Control Operation - Rate of Change.

Before control operation, pressures on both sides of the rate control dia-
rhragm are equalized at existing atmospherie pressure. This compresses the
isobaric bellows and opens the isobaric metering valve. Cabin air then
flows into the reference chamber through the cabin air filter and orifice,
and out through the isobaric metering valve to atmosphere. Pressure In the
reference chamber is sensed by the outflow valve, which then operates ac-
cording to the cabin-to-sirplane sltitude graph, see Sectlon 21-0, to
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produce an essentislly unpressurized cabin, provided the rate of ascent of
the aircraft does not exceed the selected rate., If the airplane rate of
climb exceeds the selected rate, reference pressure is reduced, resulting
in a pressure differentlal across the rate control disphragm because of the
capillary tube and rate chamber metering valve position., The rate control
diaphragm then moves the iscbaric metering valve to limit flow of air from
the reference chanber until reference pregsure and rate pressure equalize,
The outflow valve reacts to control the rate of change of cabin pressure
accordingly.

Control Operation - Iscbaric Range.

As the airplane enters the isobaric operating range, the ischaric bellows
expands sufficiently to override the rate control disphragm and assume con-
trol of the iszobaric metering valve. With reference chamber pressure main-
tained essentially constant by the iscbaric bellows and metering valve,
reference pressure in the outflow valve remains constant. Variations in
cabin pressure act directly to position the outflow valve, controlling
cabin pressure at selected altitude.

Controcl Operation - Differential Range.

The differential control serves to limit reference pressure in order that
the ocutflow valve will establish an essentially constant pressure differen-
tial between cabin and atmosphere. As the airplane enters the differential
operating range, the pressure differentlial between reference chamber and
atmosphere allows the differential diaphragm to open the differential
metering valve and release reference chamber air to atmosphere, The fail
safe Teature prevents logs of reference pressure in the event of a ruptured
differential diaphragm by sealing the differentiazl diaphragm from the re-
ference chamber, permitting only & swall loss of reference chamber air
through the orifice., During a rapid descent, the differential metering
valve cloges because of increased atmospheric pressure., If the resultant
rate of increase in reference pressure exceeds the selected rate, the rate
control diaphragm moves the isoharic metering valve to a metering position
and air from the reference chamber is bled to atmosphere. The cutflow valve
reacts Lo the reference pressure by limiting the rate of increase in cabin
pressure,

Before landing, the cabin altitude selector is set to the destination alr-
port altitude. The barometric pressure correction, in the disl right win-
dow, is then set by turning the barometric pressure correction knob. This
rotates the gear train, which changes the tension of the iscbaric calibra-
tion spring and corrects the unit to barometric pressure at the flight des-
tination.

Conditioning and Pressurization System Control Switches

turbocompressor ON-0FF switches control the operation of the flight deck
cabin turbocompressors.

PRESS SOURCE switches OFEN or CLOSE the bleed air valves for emergency

pregsurization,.

Oct, 23/61

1422 K




CONVAIR MODE}

OFPERATION MANUAL

The RECIRCULATING BLOWER is controlled by a single AUTO-OFF-MAN toggle switch.

The cabin temperature equalization control system is actuated by the single
CARIN TEMP EQ CONT toggle switch.

The Freon compressor OW-CFF MASTER switch controls the Freon compressors as se-
lected by the three-positioned ¥REQON COMPRESSOR selector switch., This switch
placarded FLT DECK OFF-BOTH ON-CABIN OFF, is used for manual selection of the
desired Freon compressor operational mode.

The FLT DECK - CABIN FREON RESET switch is utilized for manual recycling of
lockout relays which have opened & power circult due to an overheat or over-
pressure condition.

A RAM ATR SOQURCE locking type toggle switch 1s used to OPEN or CLOSE the ram
air valve,

The electronic equipment cooling fan is controlled by an ON-OFF toggle switch
placarded ELEC EQUIFP COOL FAN., The electronic comnpartment cooling valve 1s
controlled by an OPEN-CLOSE toggle switch placarded ELEC COMPT COOL VALVE.

Two FRESSURE REGULATOR switches placarded AUTO-OPEN-CLOSE-OFF provide for
manual operation of the two outflow valves., In the AUTO position, cabin pres-
sure is regulated by the cabin pressure controller., The OPEN and CLOSE posi-
tions are used when operated under wanual control to "inch" the outflow valves
toward the open or closed position.

Four toggle switches and two thermostatic controls are located at the top of
the contrcl panel. The two AUTO-CFF-MAN three-position switches are used to
gelect the operating mode of the flight deck or cabin air conditioning systems,
Two MAN HOT-MAN COLD momentary contact type switches are used to "inch" the
temperature setting up or down when operating it in wanual mode., Two thermo-
static controls are used to regulate the temperature controls of the two sys-
tems when operating in the automatic mode,

Alr Conditioning and Pressurization System Warning Lights

Fight air conditioning and pressurization system warning lights are located on
the flight engineer's panel, Two smber OVERSFEED TRIP warning lights connect
to the overspeed controls of the two turbocompresscors. If one of the turbo-
compressors should overspeed and trip the control, the corresponding light
will illuminate.

Two amber warning lights, LH FREON FATL and RH FRECN FAIL, connect to the
compressor dlscharge overpressure and overtempergture switches, and motor over-
heat switch on the Freon compressors, If a compressor shuts down due to the
actuation of any of the protection switches, the corresponding warning light
will illuminate.

An amber FWD CLOSE and an amber AFT CLOSE light, above the pressure regulator
gwitches provide a warning if one of the cabin outflow valves falls in the
cloged position., A single red HIGH ALT light illuminates when the pressure
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altitude in the cabin exceeds 10,000 feet, A warning horn sounds simultanecusly
with the light, An ALT WARN HORN CUT-OFF switch, placarded PUSH, is provided
to shut off the warning horn.

An amber LOW ATR FLOW light above the ELEC EQUIP COOL FAN switch will illuminate
if the airflow is too low to provide adeguate cooling for the electroniec equip-
ment.,

ATR CONDITIONING OPERATION

The air conditioning subsystem provides for control of three environmental
factors in the airplane; cabin and flight compartment temperatures, replenish-
ing of cabin and flight compartment air, and removal of moisture from the re-
frigerated alr, The air conditioning subsystem is capable of cooling the
compressed air, heating the compressed recirculated cebin air, removing mois-
ture and controlling subsystem operation. Conditioned air is heated by two
different methods: recirculating pressurized alr through the turbocoupressor
and by electric heating., Air is cooled by two cooling subsystems: an air-to-
air heat exchanger and a Frecon refrigeration cooling subsystem., Cabin air is
recirculated by an electrically-driven recirculation fan, ducting and valves.
Molsture is extracted as a part of refrigeration cooling when the Freon refri-
geration subsystem is in operation. The system is controlled by the tempera-
ture control subsystem.

The ram air is compressed and heated in the turbocouwpressor. It is then cooled,
if necessary. While flowing through the sir-to-air heat exchanger and the Freon
evaporator, and is distributed to the Fflight and cabin compartments, There are
five normal modes of heating or cooling the flight and cabin compartments while
the airplane is in flight or on the ground. These modes of operation are des-
cribed in the following paragraphs.

Inflight Heating

During flight, the recirculation control valve and the flight deck electric
heater are not subject to control by the temperature control system; the valve
is closed and the flight deck electric heater is off. During flight the dual
heaters located In the cabin ducts are used ss required, to maintain a 2 de-
grees F (1.1°C) differential temperature between fore and aft cabin areas.

As shown in Figure 14%-12, the turbocompressor shutoff valve is cpen, allowing
engine bleed air to operate the turbocompressor. Rsm air from the plenum
chamber enters the compressor side of the turbocompressor, where it is com-
pressed and heated. If one pass through the compressor does not heat the sir
enough, & portion of the air 1s recirculated through the compressor by the heat
control medulating valve., The heated and compressed sir then flows through the
turbecompressor flow control and the turbocompressor check valve on to the heat
exchanger.

The compressed and heated air enters the heat exchanger and flows through with-
out any cooling exchange, because heabting 1s scheduled. Since the heat ex-
changer cooling alr modulating valve is clesed, ram air for cocling cannot flow
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7. HEAT EXCHANGER VALVE 65,
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through the heat exchanger. The conditioned air flows from the heat exchanger
to the Freon evapcrator. As the temperature control system is calling for maxi-
mum heat, the Freon evaporator is shut down and the valves in the Freon system
are closed, The conditioned air flows through the Freon evaporator, without
any cooling, and to the electric heatexr in the left band system, (the right
hand system heaters are located in the cabin ducting). The conditioned air
flows through the electric heater with no added heating, because the heater 1s
inoperative in flight. The conditioned air from the electric heater passes
through the conditioned air emergency shutoff valve, which is in the open posi-
tion, and on to the cabin and flight compartments, through the conditioned air
check valves, where it is distributed by the air distribution subsystem. The
cabin overhead electric heaters maintain the temperature within 2 degrees F
(1.1 degree C) between the fore and aft cabin compartments,

Inflight Intermediate

During the inflight intermediate range, the temperature control system is not
calling for additional heating. As shown in Figure 14-13, the heast control
modulating valve is closed, indicating that one pass through the compressor is
heating the air sufficiently. The compressed alr flows through the turbocom-
pressor flow control valve and the turbocompressor check valve, on through to
the air-to-air heat exchanger,

The heat exchanger cooling ailr modulating valve is in the modulating position,
indicating that the temperature control system 1s calling for slightly cooler
air than that coming from the turbocompressor. The heat exchanger cooling air
modulating valve allows ram air to flow through the air-to-air heat exchanger
and be dumped overboard. This ram air extracts heat from the heated air as re-
quired by the temperature control system. The compressed and conditioned air
leaves the air-to-air heat exchanger and flows through the Freon evaporator.
The compressed and conditioned air receives no cocling in the Freon evaporator
because sufficient cooling has been obtained in the air-to-air heat exchanger,
50 the Freon compressor is shut down. The compressed air flows through the
flight deck electric heater, which is inoperative during flight, through the
conditioned air emergency shutoff valve to the cabin and flight coupartment
through the conditioned air check valve. The cabin overhead electric heaters
maintain the temperature within 2 degrees F (1.1 degree C) between the fore and
aft cabin compartments.

Inflight Cooling

When the temperature control system is calling for cooling, the heat control
modulating valve is closed. The ram air is compressed in the turbocempressor
and partially heated by compression. The compressed air flows through the
turbocompressor flow control and the turbocompressor check valve to the heat
exchanger. As shown in Figure 1k-14, the heat exchanger cooling air modulsting
valve is full-open, because the temperature control system ls calling for more
cooling than the air-to-air heat exchanger can provide.
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MODULATING VALVE 41, WINDSHIELD RAIN REMOVAL VALVE 223, VENTURI DUCT
23. FREON CONDENSER 42. ENGINE START AIR CONNECTION
24. FREON EXPANSION VALVE 44, ENGINE INLET DUCT LIP ANTI-ICING VALVE a2} Ty
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The corpressed air flows through the air-to-air heat exchsnger to the Freon
evaporator. Because the heat exchanger is operating at full capacity and the
temperature control system is calling for more cooling, the Freon refrigeration
system is turned on. When the Freon compressor 1s operating, the Freon gas is
passed through the compressor resulting in an increase in its temperature and
pressure,

The compressed Freon ges then flows from the compressor and enters the con-
denser where the heat is removed by cool ram air blowing across the condenser.
As the heat is removed from the gaseous Freon, it condenses into & liquid.

The rem air used for cooling is then dumped overboard, The liquid Freon from
the condenser enters the evaporator through the Freon expansion valve. Heat
is sbsorbed by the Freon during evaporation. This heat is extracted from the
air flowing to the cebin and flight compartment, thus the temperature of the
air is reduced. The Freon gas from the evaporator then flows back through the
compressor where the cycle is repeated.

Ground Heatlng

When the airplane is on the ground and the engines are not operating, nc bleed
gir is aveilable and the turbocompressors cannot operate; see Figure 14-15, The
air from the cebin is picked up through the recirculation control valve and
recirculated by the recirculation fan.

When heating is regquired, the Freon subsystem is shut down and all Freon sub-
system valves are closed. For flight compartment heating, air flows through
the Freon evaporator without being cooled, to the heater, where it is heated as
required by the temperature control system. From the heater, the air flows
through the conditioned air emergency shutoff valve and the conditioned air
check valve to the flight compartment., For cabin heating, air flows through
the Freon evaporator without being cooled, through the conditioned alir emer-
gency shutoff valve and the conditioned air check valve, to the heaters in the
cabin ducts. The air is heated as required by the temperature control system
and then flows into the cabin.

The flight deck electric heater contains seven electric heater elements. The
number of heater elements used is determined by the sequencing device, which

in turn is operated by the temperature control system. As more heating is re-
gquired, the sequencing device will operate more heater elements. If less heat-
ing is required, the sequencing device will operate fewer heater elements.

Grouné Cooling

With the airplane on the ground, the engines not operating, and the control
system calling for maximum cooling, the system works as follows: As shown in
Figure 14-16, the turbocoupressors are inoperative, the recirculation fan is on,
and the recirculation control valve is modulating. The cabin air is wmoved by
the reeirculation fan to the Freon evaporator. The temperature control system
is calling for more cooling or maximum cooling; consequently, the Freon refrig-
eration subsystem is operating. The cabin alr flows through the Freon evapora-
tor, is cooled as scheduled by the temperature control, and flows to the elec-
tric heaters. As the temperature control system is calling for cooling, the
electric heaters are inoperative and the cabin air moves through the open
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Air Conditioning System Schematic -
Oct. 23/61 Ground Cooling
K Figure 14-16 14-31




CONVAIR MODEL. 3:.»-

OFPERATION MANUAL

conditiconed air emergency shutoff valve on to the conditioned air check valves .
and inte the cabin and flight compartments,

POWER SQURCES

Power to operate the air conditioning and pressurization system is furnished by
bleed air from the four turbojet engines and by the ac and dc electricasl sys-
tems. For detalled information, consult the WIRING DIAGRAM MANIJAT,,

Engine Bleed Air
Turbocompressors
Alternate pressurization

Non-BEssential AC Bus System
Flight deck Freon packsge control components
Electric heater, flight deck system
Electronic temperature control, fiight deck

Essential Ac Bus System
Cabin Freon package control components
Eieetric heaters, cabin system
Electronic temperature control
Ram air shutoff valves
Crossover shutoff valve
Cabin and flight deck emergency air shutoff valves
Recirculating blower
Electronic equipment cooling fan

28-Volt DC Bus System

Warning lights

Temperature and sirflow Indlcators

Turbocompressor shutoff valves snd electronic cooling valve

Alternate bleed air shutoff valves

Controls for electric heaters, Freon refrigeration units, cabin air re-
circulating system, electronic equipment cooling fan, and electronic
compartment cocling valve

Cabin pressure regulators

Oct, 23/61
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ATIR CONDITIONING AND PRESSURIZATION SYSTEMS
{Pneumatic Freon Drives Installed)

GENERAL ATR CONDITIONING AND PRESSURIZATION

The air conditioning and pressurization system provides passenger and crew CoN-
fort under all anticipated temperature conditions at airplane altitudes up to
41,000 feet. The pressurization equipment wmeintains sea level pressure in the
cegbin up to an airplane sltitude of 21,300 feet, snd an 8000-foot cabin pres-
sure up to an airplane altitude of 41,000 feet. The air conditioning equipment
supplies & complete change of alr in the cabin every two and one-half minutes
and in the crew compartment every minute. The inside temperature can be main-
tained between 18 degrees C and 33 degrees C (65 degrees F and 90 degrees F),
with outside temperatures -54 degrees C to 38 degrees C {-65 degrees F to 100
degrees F). (See Figure 14-17 and 14-18.)

The cabin pressure and temperature are normally controlled sutomatically, but
can be regulsted manually at the discretion of the crew. The change of cabin
pressure during rapid descents is controlled automatically at any preset rate
between 50 to 2000 feet per minute.

The airplane is equipped with two independent and parallel pressurization and
air conditioning systems. One system supplies air to the flight deck, the
other to the cabin (see Figure 14-19). Two turbocompressors, driven by engine
bleed air, provide an ample supply of compressed air to waintain the required
cabin-air density during high-altitude operations. Inflight heating is pro-
vided by the compressing action of the turbocompressors. An air-to-air heat
exchanger and a refrigeration unit in each system provide the cooling required
to keep the cabin air at the selected temperature,

A recirculating fan can be used for recirculating the asir through the cabin,

A crossover duct provides a means of connecting the two systems if one turbo-
compressor should fail. Alternate pressurization is provided by bleed air from
the engines.

The gages and switches for monitoring and controlling the operation of the air
conditioning and pressurization system are located on the flight engineer's
panel, The cabin pressure altitude, the cabin temperature, and the rate of
change of cabin pressure can be regulated autowmatically or controlled manually.

As the two air conditioning systems are ildentical, it will suffice to describe
cnly one of them, Essentlselly, each system consists of a turbocompressor; &
primary air-to-air heat exchanger; & refrigerstion package; wvalves, regulators
end switches for controlling the operation of the system; and the necessary ailr
passages and ducts.

TURBOCOMPRESS0R UNIT

The turbocompresegor supplies pressurized fresh air to the air conditioning sys-
tem at the proper weight-flow and pressure to maintain the preselected cahin
pressure. BEach turbocompressor consiste of a single-stage turbine and a cen-
trifugal single-stage compressor mounted on a common shaft.

Oct. 23/61
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Turbine

The turbine is¢ driven by bleed air from the main bleed-air manifold which re-
ceives air from the seventeenth compressor stage of each engine through a pres-
sure regulator that reduces the pressure of the bleed air to L0 psig, After
pagsing through the turbine, the bleed air is dumped overboard (see Figure
15-20).

Bleed air enters the turbine through a turbocompressor shutoff valve to a vari-
able area nozzle controlled by a flow sensor at the compressor cutlet. The
sensor detects variations in airflow and automatically increases or decreases
the nozzle opening to adjust the turbine speed accordingly. An rpm indicator,
indicating turbine speed, 1s located on the flight engineer's panel., An over-
speed control shuts off the supply of bleed air if the turbine speed increases
to between 54,000 and 56,000 rpm, When the turbine overspeed cutout is tripped,
the unit must be resget manually on the ground., During reverse thrust, the
turbocompressors are automatically shut down to prevent entry of exhaust gases
inte the cagbin,

Compressor

Air conditioning ram air enters a plenum chawber through two large air scoops
beneath the fuselage near the wing leading edge and passes directly intc the
compressor inlet., As the air passes through the compressor it is compressed
and heated., If additionsl heating is required, a portion of the compressed air
is recirculated through the compressor. A heat control modulating valve, regu-
lated by the temperature control subsystew in the ailr conditioning system, con-
trols the percentage of the compressor discharge air to be recirculated. A
gurge valve, also located at the compressor outlet, diverts compressed air back
to the plenum chamber when a decrease in airflow through the compressor iz ac-
companied by a marked incresse in cutlet pressure. This condition would arise
in the case of a blocked duct. A check valve prevents reverse flow through the
compressor when it is shut down.

ATR-TO~-ATR HEAT EXCHANGER

From the compressor, the heated compressed ailr passes through an alr-to-air
heat exchanger for primary coolirng. The heat exchanger has & double-deck plate
and fin core with vertical passages for ram gir and horizontsl passages for
compressed cabin air (see Figure 14-21), The cabin air passes over and back
through the two decks of the core. The ram air makes a single pass vertically
through the core and absorbs heat from the pletes and fins thus ccoling the
cabin air flowing through the horizontal passages.

The ram =2ir enters the heat exchanger through a cooling air modulating valve
controlled by the temperature control subsystem of the air conditioning system.
The amount of cooling varies from full capecity cooling to no cooling, depend-
ing on the position of the wmodulating valve.

FREON COOLING SYSTEM

Secondary cooling is provided by & closed vapor-cycle refrigeration unit located
in the air conditioning compsrtment of the airplane., The unit consists of a

Oct. 23/61
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compressor, condenser, evaporator, and associated control devices {see Figure
14.22). Freon 114, = nonpoisonous fluid which boils st 3.5 degrees C (38.4 F),
is used as the refrigerant. Opecial oil is mixed with the Freon, about 1 part
in 20, to lubricate the bearings and other internal wmoving parts. The system
is deisnged for either sutomatic or wanual control and will maintain stable
operation when adjusted for any amount of cocling between full capacity end
essentially no cooling.

A vapor-cycle refrigerator depends on the latent heat of condensation and wvapor-
ization of a refrigerant to produce the desired drop in ventilating air tempera-
ture. The refrigerant, in a gaseous state, 1s passed through a compressor where
it is compressed and heated, The compressed gas is then cooled end condensed in
a2 heat exchanger that disposes of the latent heat releassed when the gas condens-
es. The refrigerant, now in the liqguid state, flows through another heat ex-
change where it changes back to gas, The heat needed to vaporize the liguid is
extracted from the cabin air which the unit was designed fo cool. From the
evaporator, the gas is returned to the compressor and the cycle ig repesated.

Freon Compressor

The Freon compressor is & turbine-driven two-stage centrifugal type compressor.
The turbine rotor and compressor impellers are mechanically linked by a common
drive shaft, The impellers have swept back blades which permit a wide stsble
operating range for various compressor speeds, Engine bleed air is used to
drive the turbine. The bearings are cooled by vaporizing liguld Freon over
them. Since the Freon contains & small quantity of lubricating oil, the cool-
ing process deposits oil on the bearings for lubrication. The Freon compressor
is protected against damage due to Freon overpressure, A cutout switch, in
conjunction with a leckout relay, shuts down the compressor should en overpres-
sure condition ocecur. 4n electronic topping speed control prevents the compres-
sor from overspeeding. 'The eccontrol, in conjunection with the lockout relsy and
Ireon on-off solenocid, shuts down the compressor when compressor speed reaches
approximately 40,000 rpm. The control will restart the compressor when compres-
gsor gpeed reduces to sbout 32,000 rpn.

Frecn Condenser

The Freon condenser 1s a Freon-to-sir type heat exchanger in which the hot com-
pressed Freon gas is cooled and condensed to a liguid. Cooling is provided dur-
ing most flight conditions by allowing ram air to pass through the condenser.
For slow flight and ground cooling, plenum air 1s drawn through the condenser
by an electric fan. Sufficient condenser cooling is provided to change the
Freon gas to a liquid and subcool it to keep the liquid from flashing into a

gas when 1t leaves the condenser,

The cooling air leaves the condenser through a ¥ duct. In flight, the cooling
air discharges through the condenser cocling alr modulating velve and is dumped
overboard., On the ground, the ccoling air leaves the condenser through the
ground cooling sir shutoff valve, passes through the fan, and emptlies into the
main landing gear well, The modulating valves are regulated automstically to
maintain the correct Freon temperature.

Oct. 23/61
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A liquid level gage provides & visual indication of the amount of Freon in the
condenser. TFor an accurate check, the reading should be taken with the Freon
package operating asnd with the condenser as cold as possible, A spring-loaded
relief valve on the top of the condenser will open if the pressure in the con-
denser reaches from 170 to 180 psig. This pressure is well above the normal
operating range.

A Freon drier and strainer unit with & replaceable cartridge is located at the
condenser oputlet. The cartridge conteins a chemical drying agent (desiccant)
surrounded by a filter screen. All Freon leaving the condenser is strained by
the filter screen to prevent the circulation of foreign particles through the
system. A portion of the Freon also comeg in contact with the desiccant which
removes any moisture and prevents corrosion within the system.

Freon Evaporator

From the condenser, the cold liquid Freon flows through a thermostatic expan-
gion valve to the evaporator where it 1s completely vaporilzed before it returns
to the compressor to complete the vapor cycle. The heat to "boil" the liquid
Freon is extracted from the incoming cabin air.

The evaporator is a Freon-to-air heat exchanger made up of an outer shell and
two headers connected by & core containing tubes. The Freon flows through the
tubes while the cabin air from the turbocompressor passes through the spaces
between the tubes and the outer shell, As the cabin air is cooled to the dew
point, the moisture in the air condenses on the core surfaces in the form of
small water droplets. A fine mesh screen separates the small droplets from
the cagbin air. The water draing into a water collector where cabin air pres-
sure forces it through a spray tube which sprays the water over the ram air
inlet of the condenser core.

The thermostatic expansion valve in the Freon line from the condenser regulates
the flow of Freon into the evaporator and the degree of superheat at the evap-
orator outlet, The operation of this valve is contrelled by & temperature
sensing element in the outlet header of the evaporator. The flow of Freon into
the evaporator is restricted to & rate that will assure complete vaporization
and additional heating of the vapor before it leaves the evaporator., This
valve also prevents liquid Freon from flooding the evaporstor when the Freon
package is shut down.

The boiling temperature of the liquid Freon depende on the vapor pressure with-
in the evaporator. The cooling provided by the evaporator is regulated by
controlling the vapor pressure within the evaporator through the action of the
Freon compressor turbine control valve, The action of this valve is contrelled
autometically by the cabin temperature control system.

Compressor Bearing Cooling Loop

The compressor ball bearings are lubrlcated snd cooled by vaporizing liguid
Freon in the spaces surrcunding the bearings. Liquld Freon from the condenser
outlet passes Into the bearing spaces through a bearing ccooling expansion valve

Oct. 23/61
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and empties into the bypass duct leading to the compressor inlet, The expansion
valve is controlled by a pressure and temperature-sensitive thermal bellows
located in the bypass duct where it comes in contact with the vaporized Freon
leaving the bearings. The Freon flow through the bearings is automatically
controlled to provide sufficient cooling and, at the same time, =ssure complete
evaporation of the liquid Freon.

CABIN ELECTRIC HEATERS

Two electrical heaters, located in the cabin overhead, heat conditioned air to
a selected tempersture prior to distribution in the cabin. The heaters are con-
trolled by the cabln differentisl temperature control system.

Each hester is divided into two parallel sectlons. Air enters the hester from
the forward side then passes through ducting to the forward and aft cabins.
Rare wire heating elements in each heater, are wye-connected for 3-phase ac
power. REach element 1s cepable of hesting 41 pounds of air per minute.

Two normally closed thermel switches, are located in each heater, If the air
temperature exceeds 130 degrees F (72°C) the switches open, bresking continuity
of the heater elements., When the temperatures goes below 130 degrees F (72°C),
the switches close.

Cabin Differentisl Temperature Control Bystem

A meximum temperature differential of 2 degrees F (1.1°C) is maintained between
the forward and aft cabin sections. Fach of the heaters 1s controlled by the
temperaturs differential control system. The cabin differential control system
consists of the cabin temperature contrel panel, moduleting power supply,
tempersture differential control, temperature sensors snd two dual electiric
cabin overhead heaters,

After the desired cabin temperature has been selected on the flight engineer's
alr conditioning penel, conditioned sir from the under-wing turbocompressors
enters ducting in the cabin overhead section. The air passes through the two
hesters, and is ducted to the forward and aft caebin sections. The heater dis-
charge air temperature and the cabin discharge sir temperature are each monitor-
ed by sensors in both the forward and aft cabin sections. Signals from the
sensors are sent to the temperature differential controller which compares the
signals and schedules the system to supply warmer air to the colder cabin.

CABIN ATR RECIRCULATING SYSTEM

The recirculating system is used primarily to provide cabin ventilation when
the airplane 1s connected to a ground cart or when taxiing on a hot day, In
flight, the system can be used as a supplemental source of air when one of the
turboconpressors is shut down. The system 1s connected to the flight deck and
cabin air conditioning systems through the conditioned air crossover duct.

The recirculating system consists essentially of a two stage fan driven by a
LoO-cyele, 115/20C-volt ac electric motor and a cabin air control valve., The
fan 1s controiled through an AUTQ-OFF-MAN toggle switch on the flight engineer's
panel.

Oct. 23/61
K 14-43



CONVAIR MODE)

OPERATION MANUAL

ALTERNATE FRESSURIZATION

Bleed air can be used for alternate cabin pressurization., Two bleed air lines
connect the bleed air manifold with the cabin and flight deck air conditicning
gystems downstream from the turbocompressors. Twoc toggle switches on the flight
engineer's panel control the alternate flow control and shutoff valve in each
bleed air line. Since the bleed ailr passes through the primary heat exchangers
and the Freon evaporstors, its temperature is regulated by the cabin temperature
control system (see Figure 14-23).

CABIN PRESSURE REGULATOR AND QUTFLOW VALVE

Two cabin pressure regulator and outflow vaslves maintain the desired pressure
level within the sirplane. The two valves control the pressurization level, or
cebin altitude, by regulating the amount of air exhausted from the pressurized
compartment. They also serve as pressure relief, vacuum relief, and dump
valves (see Figure 1h-24),

The forward outflow valve is located on the floor of the electrical compartment,
and the aft outflow valve is located below the aft lavatory. Both valves are
mounted on short transition ducts which adspt the circular valve outlet fo a
rectangular discharge port in the skin. The two valves are identical except

Tor & coarse screen which is wrepped arcund the forward valve. The screen will
prevent the electrical compartment curtein from being sucked inte the valve
assenibly should the curtain come loose, Primary contrel of both velves 1s main-
tazined by the cabin pressure controller on the flight engineer's control panel.

When the PRESSURE REGULATORS control switches are placed in the AUTO position,
the operation of the pressure regulator and outflow valves is completely pheu-
matic. When operated manuelly, an electric motor is used to position the out-
flow valve. IFf the valves are closed electrically the pressure and vacuum re-
lief functions alsc require electric power. Many fail-safe features are incor-
porated in the design of the cabin pressure control subsystem, When operating
in the autcwatic mode, a failure of one wvalve to the closed position will cause
no change Iin pressurizetion because the other valve has the capacity to regulate
the entire outflow, If both valves fail to the closed position, the pressure
and vacuum relief functions will still operate. If one or both valves fail to
the open position, & cabin pressure limiting device will close the valves enough
to maintain a cabin altitude of 13,000 (#2,000} feet.

If two failures occur in one valve, such as a fgllure in the closed position
and a failure of the pressure relief function - the manusl controls can over-
ride the pneumatic system. Ancther safety fesfure is included in the wiring
instellation to prevent accidental dumping of csbin pressurization by a short
circuit. The "manual open' control clrcult is completely shielded with a
grounded metallic sheath. The sheath will ground any "hot" wires that might
come in contact with this critical wiring, and will actuate the appropriate
overload protection to remove the power., Terminal connections on the manual
control switches are "potted" to further reduce the possibility of trouble,

Oct., 23/61
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If the aft outflow velve should fail in the closed position an inward-opening
check valve allows more air to enter the electrical chamber directly frouw the
cabin., If the forward outflow valve should fall in the closed position, an
outward-cpening relief valve sllows air from the cooling fan to discharge into
the cabin,

VALVES

The control and operation of the air conditloning and pressurization system
depends primarily on the functioning of various valves located throughout the
system. Check valves are placed at strategic points in the system to prevent
reverse flow; medulating valves regulate the rate of flow through the passages
in which they are located; and shutoff valves are utilized to start and stop
certain operations., Some of the modulating valves also serve as shutoff valves.

Check Valves

& check valve is located between each turbocompressor and corresponding emergen-
cy bleed air inlet to prevent reverse flow through the turbocompressors when
the bleed air is turned on. A second pair of check valves is located in the
ducts leading to the flight deck and the cabin, upstream from the crossover
passage connecting the two sir conditioning systems. When one of the systems
has been shut down, the corresponding valves will close and keep the condition-
ed air from entering the inoperative system. This also prevents loss of pres-
surization should & duct break occur in the plenum area. Another pair of check
valves isolates the recirculating blower from the two alr conditioning systems
when the blower is not operating. 'These check valves also prevent engine hleed
air from entering the recirculating blower housing when the alternate pres-
surization system is sctusted.

Another check valve is located in the ground air conditioning commection to
close this opening except when conditioned air is being furnished by a ground

gir conditioning unit.

Modulating Valves

The speed of each turbocompressor 1is regulated by a varigble-area nozzle func-
tioning as & modulating valve to control the flow of bleed air through the tur-
bine, The recirculation of compressed air through the compressors is regulated
by the cabin heat control modulating valves. Two modulating valves regulate
the flow of cooling ram alr through the primary heat exchangers and an addi-
tional pair of modulating velves comtrols the flow of ram alr through the Freon
condensers.

The air supply for the recirculating blower 1s controlled by a shutoff valve in
the cabin sir recirculsting duct. This valve also functions as a shutoff valve
to close the passage when not in use. The cabin air outflow valves modulate
the rate at which the cabin alr is released to the atmosphere and close the
outflow openings when conditions warrant.

Oct. 23/61
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Modulating valves in each Freon package regulate the flow of Freon through the
Freon loops, One expansion valve controls the flow of liquid Freon 1o the
evaporator. Another expansion valve controls the flow of liguid Freon through
the compressor bearings for cooling and 1ubricstion.

Shuteff Valves

Most of the air conditioning and pressurization equipment is turned on and off
by shutoeff valves. The turbocompressors are turned on by opening the turbocon-
precsor bleed air shutoff velves. Two shutoff valves in the emergency bleed
alr ducts supply bleed alr to the air conditioning systems when both turbocom-
pressors are inoperative, An emergency shutoff valve In each system can be
used to close either the conditioned air supply duct leading to the cabin or the
one leading to the flight deck. Two motorized check valves, one in each ram
ailr inlet, can be opened to admit ram air directly to the flight deck and the
cabin., Thege valves canncot be opened when the cabin pressure is higher than
that of the ram slir. ©Shutoff valves control the flow of engine bleed air to
the Freon compressors and the condenser fans.

SYSTEM OPERATION

Raw air from the plenum chamber is compressed and heated by the compressors.
The cabin heat control modulating valves regulate the amount of air that will
be recirculated through the compressors for additional hesting. The compressed
alr then passes through check valves and enters the primary heat exchangers
where 1t is cooled, as required, by ram air from the plenum chamber, The
amount of cooling is regulated by medulating valves that control the flow of
cooling ram air through the hest exchangers.

The compressed air then passes through the Freon evaporators where its tempera-
ture may be further reduced by the vaporizing action of the Freon. From the
evaporator, the air flows past the airflow sensors and transmitters that pro-
vide an indication of turbocompressor, or fan air-weight flow. It then flows
through a flow limiter which permits about 10 percent of the alr to flow to the
flight compartment. The remaining airflow is routed to the cabin,

The recirculating blower is used for alr conditioning on the ground and to im-
prove ventilation in flight when one of the turbocompressors has been shut down.
The cutflow valvee allow the air tc escape from the cabin at & rate that will
maeintain the scheduled cabin pressure.

AIR CONDITIONiNG AND PRESSURIZATTION 3SYSTEM CONTROLS

The instruments and controls for monitoring and regulating the air conditioning
and pressurization systems are located on the flight engineer's panel (see
Figure 14-25).

Instruments

Two COMFR RPM gages indicate the speed of the turbocompressors, Two COMP
BEARING TEMP gages indicate the temperature of tue turbocompressor bearings.

A dual COMPRESSOR AIR FLOW gage registers the alr flow from each alr condition-
ing unit in lbs/min. A CABIN TEMP gage provides an indication of cabin

Oct. 23/61
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CABIN TURBOCOMPRESSOR R.P.M. INDICATOR

CABIN TURBOCOMPRESSOR OVERSPEED WARNING LIGHT

RAM AIR VALVES CONTROL SWITCH

CABIN HIGH-ALTITUDE WARNING LIGHT

CABIN HIGH-ALTITUDE WARNING HORN CUTOFF SWITCH

FLIGHT DECK PRESSURE SOURCE SWITCH

FLIGHT DECK TURBOCOMPRESSOR CONTROL SWITCH

FLIGHT DECK TURBOCOMPRESSOR BEARING TEMPERATURE INDICATOR
CABIN TURBOCOMPRESSOR BEARING TEMPERATURE INDICATOR
CABIN TURBOCOMPRESSOR CONTROL SWITCH

CABIN PRESSURE SOURCE SWITCH

FORWARD OUTFLOW VALVE VALVE-CLOSED WARNING LIGHT

AFT OUTFLOW VALVE VALVE-CLOSED WARNING LIGHT

FORWARD OUTFLOW VALVE CONTROL SWITCH

AFT OUTFLOW VALVE CONTROL SWITCH

CABIN /FLIGHT DECK TURBOCOMPRESSOR AIRFLOW INDICATOR
CABIN DIFFERENTIAL PRESSURE AND CABIN ALTIMETER INDICATOR
CABIN RATE-OF-CLIMB INDICATOR

CABIN PRESSURE CONTROLLER (INCLUDES CABIN ALTITUDE CONTROL,
RATE-OF-CLIMB OR DESCENT CONTROL, AND BAROMETRIC PRESSURE
CONTROL)

1. FLIGHT DECK MANUAL TEMPERATURE CONTROL SWITCH 21.
2. FLIGHT DECK AUTOMATIC TEMPERATURE CONTROL SWITCH 212,
3. FLIGHT DECK TEMPERATURE SELECTOR 23.
4. TEMPERATURE INDICATOR 24,
5. CABIN. MANUAL TEMPERATURE CONTROL SWITCH 25.
&. CABIN AUTOMATIC TEMPERATURE CONTROL SWITCH 26.
7. CABIN TEMPERATURE SELECTOR 27.
8. ELECTRONIC COMPARTMENT COOLING LOW-AIRFLOW WARNING LIGHT 28.
9. ELECTRONIC EQUIPMENT COOLING FAN SWITCH 29.
10. ELECTRONIC COMPARTMENT COOLING VALVE SWITCH 30.
11, CABIN/FLIGHT DECK FREON RESET SWITCH al.
12. CABIN TEMPERATURE EQUALIZATION CONTROL SWITCH 32
13. TEMPERATURE INDICATOR SELECTOR SWITCH 33.
14. FREON MASTER CONTROL SWITCH 34.
15. FLIGHT DECK FREON COMPRESSOR FAIL WARNING LIGHT 35.
16. CABIN FREON COMPRESSOR FAIL WARNING LIGHT 36.
17. CABIN-BOTH-FLIGHT DECK FREON PACK CONTROL SWITCH a7r.
18. RECIRCULATION AIR BLOWER CONTROL SWITCH 38.
19. FLIGHT DECK TURBOCOMPRESSOR OVERSPEED WARNING LIGHT 39.
20. FLIGHT DECK TURBOCOMPRESSOR R.P.M. INDICATOR
J0.30.31 004 A
Air Conditioning and Pressurization System
Oct. 23/61 Control Panel

Figure 14-25 1k-Lg
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temperature and, but use of a rotary selector, the gage can alsc be used to
monitor the operation of the Freon packages. Placing the selector in either
the LH or RH FRECON EVAP pesition will provide an indication of the Freon evap-
crator discharge alr temperature for fthe respective package.

A CABPIN ALTIMETER and CABIN DIFFERENTIAL PRESSURE indicator, a cabin CLIMB in-
dicator and a CABIN PRESSURE CONTROL are located in the lower half of the con-
trol panel.

The cabin pressure controller (see Figure 14-26) is used in conjunction with
two cabin pressure regulating outflow valves to control cabin pressure. It
controls the cabin pressure regulator and cutflow valves by varying a reference
pressure transmitted to the pneumatic relay in each valve.

The cgbin pressure controller is located on the lower right side of the flight
engineer's air conditicning and pressurization control panel, Three indicators
and three control knobs are Incorporated in the controller. The main dial and
pointer indicate the selected cabin altitude within the range of minus 1,00C to
plus 10,000 feet. The small inner disl at the top indicates the maximum flight
altitude at which the selected cabin altitude can be maintained, The dial in
the upper right side is the barometric correction secale, and 1s calibrated in
inches of mercury. The three control knobe are the cabin altitude control,

the barometric correction control, and the rate control.

The cabin altitude control knob is used to set the desired cabin altitude on
the main dial. The barometric control is set at the local altimeter setting
prior to take off or landing. The rate control knob 1s used to estsblish the
rate of climb or descent in cabln sltitude. 'The rate control knocbk can be set
to maintain any rate between 50 and 2,000 feet per minute,

The cabin pressure controller has three separate pressure controlling systems
or modes of operation. They are a selectlve pressure rate of change, a vari-
able iscbaric, and a fixed differentiasl pressure system. These systems operate
one at a time to establish the reference pressure, and the transition from one
to snother is automatic.

A, Selective Pressure Rate-of-Change Control.

The selective pressure rate-of-change control system consigts of the rate
control spring, & rate control diaphragm which separates the housing into
two chambers, and a connecting drilled passage with filter, capillary tube,
end rate chamber metering valve.

E. Isobariec Control.

The varisble ischasric control system consists of an evacuated isobaric hel-
lows and rocker arm which are connected to an isobaric metering valve
through a rate control spring. An iscbaric calibration spring and iscbaric
calibration screw are secured to the rocker arm, and are indexed toc a cgbin
altitude pointer through a gear trein,
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C. Fixed Differential Control. .

The fixed differential control system consists of a spring-loaded differen-
tial diaphragm, & differentigl metering valve and a differential calibration
screw, One side of the differential dlaphragm is vented to atmospheric
pressure and the other side of the differential diaphragm is exposed to
reference pressure. This system alsc incorporstes a fail safe feature con-
gisting of an emergency differentisl control sest and orifice.

D. Barometric Pressure Correction.

The barometric pressure correction mechanism consists of & barometric pres-
sure ecorrection knob, a gear train linked to the variable Iscbaric control
spring, and & window dial celibrated over a range of 28,0 to 31.0 inches of
mercury absclute.

E. Control Operation - Rate of Change.

Before control operation, pressures on both sides of the rate control dia-
phragm are equalized at existing stmospheric pressure. This conmpresses the
iscbaric bellows and opens the iscbarie metering valve, Cabin sir then
flows into the reference chamber through the cabin air filter and orifice,
and out through the isobaric metering valve to atmosphere. Pressure in the
reference chanber is sensed by the outflow valve, which then operates ac-
cording to the cabin-to-airplane altitude graph (see Section 21-C) to pro-
duce an essentielly unpressurized cabin, provided the rate of ascent of the
aircraft does not exceed the selected rate. If the airplane rate of climb
exceeds the selected rate, reference pressure is reduced, resulting in a
pressure differential across the rate comtrol diaphragm because of the
caplllary tube and rate chamber metering valve position. The rate control
diaphragm then moves the isobaric metering valve to limit flow of air from
the reference chamber until reference pressure snd rate pressure egualize,
The outflow valve reacts to control the rate of change of cabin pressure
accordingly.

¥, Control Operation « Isobaric Range.

As the airplens enters the isobaric operating range, the isobaric bellows
expands sufficlently to override the rate control diaphragm and assume con-
trol of the lsobaric metering valve. With reference chamber pressure main-
tained essentially constant by the lscobaric bellows and metering valve,
reference pressure in the cutflow valve remalns constant. Variations in
cabin pressure act directly to position the outflow valve, controlling
cabin pressure at selected altitude.

G. Control Operation - Differential Range,

The differential control serves to limit reference pressure in order that
the outflow valve will establish an essentially constant pressure differen-
tial between cebin and atmosphere. As the airplane enters. the differential
operating range, the pressure differential between reference chamber and
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atmosphere allows the differential diaphragm to open the differential
metering valve and release reference chamber air to atmosphere. The fall
safe feature prevents loss of reference pressure in the event of a ruptured
differential disphragm by sealing the differential diaphragm from the re-
ference chamber, permitting only a small loss cf reference chamber air
through the orifice. During a rapid descent, the differential metering
valve cloges because of incressed atmospheric pressure, If the resultant
rate of increase in reference pressure exceeds the selected rate, the rate
control diaphragm moves the iscbaric metering valve to a metering position
and air from the reference chamber is bled to atmosphere., The outflow
valve reacts to the reference pressure by limiting the rate of increase in
cabin pressure.

Before landing, the cabin altitude selector i1s set to the destination air-
port altitude. The barowetric pressure correction, in the dial right win-
dow, is then set by turning the barometric pressure correction knob., This
rotates the gear train, which changes the tension of the isobaric calibra-
tion spring and corrects the unit to barometric pressure at the flight
destinstion.

Adr Conditioning and FPressurization System Control Switches

Two turbocompressor ON-OFF switches control the operaticn of the flight deck
end cgbin turbocompressors.

Two PRESS SOURCE switches OPEN or CLOSE the bleed air valves for emergency
pressurization.

The RECIRCULATING BLOWER is controlled by a single AUTO-OFF-MAN toggle switch.

The tabin temperature equalization control system is actuated by the single
CABIN TEMP EQ CONT toggle switeh.

The Freon compresscr ON-OFF MASTER switch controls the Freon compressors as
selected by the three-positioned FREON COMPRESSOR selector switch., This switch
placarded FLT DECK OFF-BOTH ON-CABIN OFF, is used for manual selection of the
desired Freon coupressor operational mode.

The FLT DECK - CABIN FRECN RESET switch is utilized for manual recyeling of
lockout relays which have opened a power circuit due to an overheat or over-
pressyre condition.

A RAM ATR SQURCE locking type toggle switch is used to OFPEN or CLOSE the ram
air valve.

The electronic equipment cocling fan is controlled by an ON-OFF toggle switch
placarded ELEC EQUIP COOL FAN. The electronic compartment cooling valve is
controlled by an OPEN-CLOSE toggle switch placarded ELEC COMPT COOL VALVE.

Oct. 23/61
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. Two PRESSURE REGULATOR switches placarded AUTO-QPEN-CLOSE-OFF provide for
manual operation of the two outflow valves. In the AUTC position, cabin pres-
sure 1s regulated by the cabin pressure controller. The OPEN and CLOSE posi-
tions are used when operated under manual control to "inch" the outflow valves
toward the open or clesed position.

Four toggle switches and two thermestatic controls are located at the top

of the control panel. The two AUTO-OFF-MAN three-position switches are used to
gelect the operating mode of the flight deck or cabin alir conditioning systems.
Two MAN HOT-MAN COLD momentary contact type switches are used to "inch” the
temperature setting up or down when operating it in manual wode., Two thermo-
static controls are used to regulate the temperature controls of the two sys-
tems when operating Iin the automatic mode.

Alr Conditioning snd Pressurigation System Warning Lights

Eight air conditionlng and pressurization system warning lights are located on
the flight engineer's panel., Two amber OVERSPEED TRTP warning lights connect
to the overspeed controls of the two turbocowmpressors. If one of the turbo-
conmpressors should overspeed and trip the control, the corresponding light will
illuminate,

Two amber warning lights, LH FREON FATL and RH FRECN FAIL, connect to the
Freon compressor discharge overpressure switches through the Freon lockout
relays. The "fail" lights will illuminate if the compressor(s) shut down due
to an overpressure or overspeed condition.

An amber FWD CLOSE and an amber AFT CLOSE light, above the pressure regulator
switches provide a warning if one of the c¢cebin outflow valves fails in the
closed position. A single red HIGH ALT light illuminates when the pressure
altitude in the cabin exceeds 10,000 feet. A warning horn sounds simultaneously
with the light. An ALT WARN HORN CUT-OFF switch, placarded PUSH, 1s provided

to shut off the warning horn.

An anmber LOW ATR FLOW light above the ELEC EQUIP COOL FAN switch will illuminate
if the airflow is too low to provide mdequate cocling for the electronic
equipment.

ATR CONDITTONING OPERATION

The sir conditioning subsystewn provides for control of three environmental
factors in the sirplane; cabin asnd flight compartument temperatures, replenish-
ing of cabin and flight compartment air, and removal of moisture from the
refrigerated air. The air conditioning subsystem is capable of cooling the
compressed air, heating the compressed recirculated cabin alr, removing mois-
ture and contrelling subsystem operation. Conditioned air is heated by two
different methods: recirculating pressurized air through the turbocompressor
and by electric heating., Air is cocled by two cooling subsystems: an air-to-
alr heat exchanger and a Freon refrigeration cooling subsystem., Cabin air is
recirculated by an electrically-driven recirculation fan, ducting and valves.
Moisture ie extracted as & part of refrigeration cooling when the Freon refri-
geration subsystem 1s in operation. The system I1s controlled by the tempera-
ture control subsystem,
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The ram gir is compressed and heated in the turbocompresscr. Tt is then cooled,
if necessary, while flowing through the air-to-air heat exchanger and the Freon
evaporator, and is distributed to the flight and cabin compartments. There are
five normal modes of heating or cooling the flight and cabin compartments while
the airplane is in flight or on the ground. These modes of operation are de-
seribed in the following paragraphs.

Inflight Heating

During flight, the recirculation control valve is not subject to control by the
temperature control system, thus, the valve is closed. During flight the dual
heaters located in the cabin ducts are used as required, to maintain a 2 de-
grees F (1.1°C) differential temperature between fore and aft cabin areas.

As shown in Figure 14-27, the turbocompressor shutoff valve is open, allowing
engine bleed air to operate the turbocompressor. Ram air from the plenum
chamber enters the compressor side of the turbocompresscr, where it is com-
pressed and heated. Iif one pass through the compressor does not heat the air
enough, & portion of the air is recirculated through the compressor by the hesat
control modulating valve. The heated and compressed alr then flows through the
turbocompressor flow control and the turbocompressor check valve oh to the heat
exchanger.

The compressed and heated air enters the heat exchanger and flows through with-
out any cooling exchange, because hesting is scheduled. Since the heat ex-
changer cooling air modulating valve 1s closed, ram air for cooling cannot Ilow
through the heat exchanger, The conditioned air flows from the heaf exchanger
to the Freon evaporator. As the temperature control system is calling for maxi-
mum heat, the Freon evaporator is shut down and the wvalves in the Freon system
are closed. The conditioned air flows through the Freon evaporator, without

any cocling, and through the conditioned air emergency shutoff valves, The

air then flows to the cabin and flight compartments, through the conditicned
air check valves, where i1t is distributed by the air distribution subsystem.

The conditicned air delivered to the cabvin is heated, if necessary, by the cabin
dual heaters. Cabin heater operation is determined by the temperature equali-
zation control system to maintain the gir temperature between the forward and
aft cabin areas within z maximum differential of 2 degrees F (1.1 degree C).

Inflight Intermediate

During the inflight Intermediate range, the temperature control system 1s not
calling for additional heating. As shown in Figure 14-28, the heat control
modulating valve 1s closed, indicating that one pass through the coupressor is
bheating the air sufficiently. The compressed air flows through the turbocom-
pressor flow control valve and the turbocoumpressor check valve, on through to
the air-to-air heat exchanger.

The heat exchanger cooling ailr modulating valve is in the modulating position,
indicating that the temperature control system is calling for slightly cooler
alr than that coming from the turbocompressor. The heat exchanger cooling air
modulating valve sllows ram a2ir to flow through the air-to-air heat exchanger
and be dumped overboard. This ram alr extracts heat from the heated air as
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required by the temperature control system, The compressed and conditioned sir
leaves the air-to-air heat exchanger and flows through the Freon evaporator.
The ecompressed and conditloned air receives no cooling in the Freon evaporator
because sufficient cooling has been obtained in the sir-to-air heat exé¢hanger,
so the Freon compressor is shut down, The compressed air flows through the odpen
conditioned air emergency shutoff valves and conditioned alr check valves. The
conditioned air is then routed by the air distribution subsystem to the cabin
and flight compartments. The conditicned air delivered to the cabin is heated,
if necessary, by the cabln dual heaters. Cabin heater operation is determined
by the temperature equalization control gystem to maintain the air temperature
between the forward and aft cabin areas within a maximm differentisl of 2
degrees F (1.1 degree C).

Inflight Cooling

When the temperature control system is calling for cooling, the heat control
modulating valve is closed. The ram air is compressed in the turboccompressor
and partially heated by compresslicon. The coumpressed air flows through the
turbocompressor flow control and the turbocompressor check wvalve to the heat
exchanger. As shown in Figure lh-29, the heat exchanger cooling air modulasting
valve is full-open, because the temperature control system is calling for more
cooling than the air-to-air heat exchanger can provide,

The compressed air flows through the air-to-sir heat exchanger to the Freon
evaporator. Because the heat exchanger i1s operating at full capaciity and the
temperature control system is calling for more cooling, the Freon refrigeration
gystem is turned on. When the Freon compressor 1s operating, the Freon ges is
passed through the compresser resulting in an increase in its temperature and
pressure.

The compressed Freon gas then flows from the compressor snd enters the con-
denser where the heat 1s removed by cool ram alr blowing scross the condenser,
As the heat is removed from the gaseous Freon, it condenses into a liquid. The
ram air used for cooling is then dumped overboard. The liguid Freon from the
condenser enters the evaporator through the Freon expansion valve, Heat is
absorbed by the Freon during evaporaticn., This heat is extracted from the

air flowing to the cabin and flight compartments thus, the temperature of the
air is reduced, The Freon gas in the evaporstor then flows back through the
compressor where the cyele is repeated.

Ground Heating

Ground heatling can be divided into two phases. The primary phase, illustrated
in Figure lh-30, provides comfortahle temperatures by recirculating the csbin
air. If this does net provide sufficient heat, the temperature control system
will stop cabin alr recirculation asnd start the pressurization turbocompressors.
The turbocompressors heat the air as it is recirculated through the compressor.
The amount of heating i1s controlled by the heat control wmodulating valve, When
the engines are shut down, a ground scurce of air must be connected to drive the
turbocompressors. When the turbocompressors sre operating, ground heatling is
identical to inflight heating as shown in Figure 14-27,
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Figure 14-29

Air Conditioning System Schematic -
Inflight Cooling
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Ground Cooling

With the airplane on the ground, the engines not operating, and the conftrol
systeuw calling for maximum cooling, the system works as fellows: As shown in
Figure 1&—31, the turbocompressors are inoperative, the recirculation fan is on,
and the recirculation control valve is open. The cebin air is moved by the
recirculation fan to the Freon evaporator. The temperature control system is
calling for wmore cocling or meximum cooling; consequently, the Frecon refriger-
ation subsystem is coperating, The cabin air flows through the Frecon evaporator
and is cooled to the ftemperature scheduled by the temperature control system,
The ecooled air leaves the evaporator and is distribured to the cabin and flight
compartments. If cooling is required when the airplane is on the ground with
the engines shut down, a ground cart is required to supply air {to simulate
engine bleed air) to drive the Freon packages.

POWER SOURCES

Power to operate the air conditioning and pressurization system is furnished by
bleed air from the four turbojet engines and by the ac and dc electrical sys-
tens, For detailed informwation, consult the WIRING DIAGRAM MANUAT.

Engine Fleed Air
Turbocompressors
Alternate pressurization
Freon compressors and condenser fans

Non-Essential Ac Bus System
Flight deck Freon package control components
Electronic temperature control, flight deck

Essential AC Bus System
Cabin Freon package control components
Electric heaters, cabin system
Electronic temperature control, cabin
Ram air shutoff wvalves
Crossover shutoff valve
Cabin and flight deck emergency air shutoff valves
Recireculating blower
Electronic equipment cooling fan

28-Volt DC Bus System

Warning lights

Temperature and airflow indicators

Turhocompressor shutoff valves and electronic cooling valve

Alternate bleed air shutoff valves

Controls for electric heaters, Freon refrigerations units, cabin air
recirculating system, electronic equipment cooling fan, and electronic
compartment cooling velve

Cabin pressure regulators

Oct. 23/61
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BLEED ATR AND ADVERSE WEATHER SYSTEMS

BLEED ATIR SYSTEM

The engine bleed air system provides hot air to operate air conditioning and
pressurization equipment, wing and leading edge slat anti-icing, engine anti-
icing, windshield rain clearing and alternsate cabin pressurization, Two over-
heat protection systems are considered a part of the engine bleed air system,
the Leading Edge and Duct Space Temperature system and the Excess Heat and Iso-
lation system.

Hleed Air Sources and Flow Routing

Bleed air is obtained from the seventeenth stage of the engine compressor at 237
psig maximum pressure and 427 degrees C (800 degrees F) maximum temperature,

The hot air is manifolded from four ports in each engine ‘into a single duet (see
Figure 15-1). A bleed air pressure regulator shutoff valve limits down stresm
bleed air pressure to 40 psig. It alsc acts as a check valve to permlit engine
starting and as a shutoff valve for restricting bleed air at the source. The
bleed air is routed through the pod and pylon into the wing bleed air manifold
attached to the front spar. The right and left wing bleed alr manifolds are
connected by a Tuselage crossover duct., A bleed air emergency wing isclation
valve is located at each end of the fuselage crossover duct. The windshield
rain clearing bleed air duct leads forward from the fuselage crossover duct, A
windshield rain removal shutoff and isolation valve is provided close to the
crossover duct,

Bleed Air Control Switches

Four two-position OPEN-CLOSE toggle switches are installed on the engine bleed
air control panel located on the pilots' overhead switch panel. The switches
control the operation of the engine bleed air regulator shutoff valves., In the
OPEN position, the valves are opened unless closed by overriding signals from
the excess heat and isolation gystem. In the CLOSE position, the valves remain
gpring-loaded closed regardless of the demands of any airplane sgystem. FEngine
bleed air switches must be OPEN to use the anti-icing, de-icing, rain clearing
and various air conditioning systems (see Figure 15-2},

Bleed Air Control System Indicator Lights

Four amber warning lights, labelled CLOSED, are located above the four engine
bleed sir contrel switches. The lights will illuminate when the engine bleed
air switches are in the OPEN position and the bleed air valves close due to
malfunction or excess heat signals. A single red HIGH DUCT PRESSURE warning
light, located above the four amber lights, illuminates 1f bleed air pressure
in the crossover duct increases above 60 psig.

NOTE: On airplaneg equipped with a bleed air pressure transmitter, the trans-

T mitter ig located on the fuselage bleed air crossover duct, A pressure
gage is lecated on the pilots' overhead switch panel to provide bleed
gir pressure readings for flight crew monitoring.

Oct. 23/61
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ENGINE BLEED PANEL
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. HIGH DUCT-PRESSURE WARNING LIGHT
. ENGINE BLEED AIR VALVE VALVE-CLOSED LIGHT
. ENGINE BLEED AIR VALVE OPEN-CLOSE SWITCH
. FREON DRIVE DUCT EXCESS HEAT WARN LIGHT

LH FREON DRIVE AUTO-OFF-OPEN SWITCH

. TEST SWITCH
. RH FREON DRIVE DUCT EXCESS HEAT WARN LIGHT
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EXCESS HEAT AND ISCLATION SYSTEM

The excegs heat and isolation system is a protective system that monitors the
embient temperatures in the wing duct spaces ahead of the front spar and around
the rain clearing duct in the fuselage area, Three continucus temperature-
sensitive loops are provided. Two follow the basic bleed air duct routing, one
loop in each wing. The wing loop paths follow the ducting into the engine pod
and pylon areas. The wing temperature-gensitive loops are set to react to a
temperature of 154 degrees C (310 degrees F) or higher. The third temperature-
sensitive loop follows the fuselage crossover and raln clearing bleed alr ducts
and 1s set to resct to a temperature of 154 degrees ¢ (310 degrees F) or higher,

The wing portion of the excess heat and isclation system is designed for in-
flight operation. The wing temperature-sensitive loops are rendered inoperative
while on the ground. The temperatures at which the system will react are set
higher than the reaction temperatures of the Leading Bdge and Duct Space Temper-
ature system. In normal operation, the latter system will indicate high temper-
ature troubles well in advarice of the indications from the excess heat and iso-
lation system. The intent of the design is that the flight crew will be alerted
to & high temperature condition, and be able to locate the trouble spot, by
using the Leading Edge and Duct Space Temperature system. ©Should the flight
crevw miss an over-temperature condition, through other requirements on their
time, the excess hest and isolation system will provide warning and autcmatical-~
ly isolate the complete area involved in the over-temperature (see Figure 15-3).

Excess Heat and Isolation System QOperation

The Excess Heat and Isolation system control panel is located on the pilots!
overhead switch panel. Three three-position AUTO-QFF-MAN OPEN switches are lo-
cated on the panel. Directly above each switch (L WING - FUS - R WING) are
three red warning lights labelled EXCESS HEAT. Each warning light is connected
to its respective temperature-sensitive loop. During normal coperation, all
three switches are placed in the AUTO position. An over-temperature condition
in the alarm range of any lcop will result in illumination of the associated
warning light. If a wing loop is concerned, the engine bleed air valves for
both engines in that wing and the emergency isclation valve will close, thus
shutting off bleed airflow through the affected wing.

NOTE: As a result of this valve action, the engine bleed air warning lights
for the engines concerned will illuminate. If the airplane anti-icing
systems are operating, the engine anti-ice warning lights for the en-
gines concerned and the three anti-ice wing valve warning lights for
the wing concerned will also illuminate,

NOTE: On alrplanes equipped with pneumatic Freon drives, five switches are
provided. Two additional loops, one for each Freon drive duct in the
under wing plenum chamber, are set to react at 154 degrees C (310 de-
grees F) and, on overheat, will autcmatically close the bleed air source
valve to the applicable Freon drive duct.

Oct. 61
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If an over-temperature condition in the fuselage crossover or rain clearing
duct is involved, the EXCESS HEAT light will illuminate. At the same time,
both wing emergency isolation valves will close. 'The engine bleed air valves
will not close. The turbocompressors, being supplied from outboard of the iso-
lation valves, will remain in operation,

NOTE: As a result of this actlion, if the airplane adverse weather systemg are
operating, the windshield rain clearing duct shutoff valve will close
from lack of bleed air pressure, thus extinguishing the rain clearing ON
light.

Should the external lcing conditions be such that manual override of the auto-
matic heat isolation system is desirable, the appropriate Excess Heat and Isola-
tion system control switch can be placed in the MAN COPEN posltion for short
periods of time, Placing any of the swlitches in MAN OPEN will open all isola-
tion and engine bleed air regulator valves that have been closed automatically.
Flacing any of the switches in the OFF position will extinguish the appropriate
warning lights and position the isolation and bleed air valves concerned to the
closed position. Thus in the OFF position, the seme valves are closed as are
closed in the AUTOMATIC position by an overheat condition., However, the EXCESS
HEAT warning light is extinguished.

CAUTION: PLACING AN ISOLATION SWITCH IN THE MAN-OPEN POSITION BYPASSES THE
AUTOMATIC OVERHEAT PROTECTION AND EXCESS HEATING OF THE AIRPLANE
STRUCTURE MAY RESULT. PLACING THE FUSELAGE SWITCH IN MAN-OPEN WILL
OVERRIDE BOTH AUTOMATIC AND MANUAL CLOSING OF THE WING ISCLATION
VALVES. THIS WILL MAKE IT IMPOSSIBLE TO ISOLATE ONE WING SINCE
CROSSFEED OCCURS FROM THE OTHER WING.

LEADING EDGE AND DUCT SPACE TEMPERATURE SYSTEM

The Leading Edge and Duct Space Temperature system provides a means of monitor-
ing temperatures at 18 places throughout the wing and engine inlet duct lips.
Eight of the ‘temperature sensing units, four to each wing, are installed in the
wing duct space. One unit senses temperature in the LH wing inboard leading
edge and one in the RH inbeoard leading edge. Two units sense temperatures in
the IH slats 1 and 3 and two in the RH slats 1 and 3. One unit senses tempera-
ture in each engine duct lip. The wing ares thermistors are set at an alarm
temperature of 149 degrees € (300 degrees F) and the duct lip thermistors have
an alarm temperature of 250 degrees F (121 degrees ().

Leading Edge and Duct Space Temperature System Operation

The leading Edge and Duct Tempersture system control panel is located in the
pilots' overhead switch panel. The rotary eighteen-position switch comnects
each temperature sensing unit to a temperature indicator on the panel, The
switch sectors are divided into four major divisions, LE WING LE, RH WING LE,
DUCT SPACE TEMP and DUCT LIP, The LH WING LE and RH WING LE are divided into
three positions, INBD, and SLAT 1 and 3. The DUCT SPACE TEMP segment divides
into four LH WING and four RH WING temperature points. The DUCT LIP segment
divides into four positions, one for each engine. An amber EXCESS HEAT warning
light is provided and the light will illuminete when any temperature-sensitive
element detects a temperature condition in excess of its alarm setting. 'The

Cet, 23/61
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particular element sending the signal can be located by checking the temperature
of the elghteen points. Manusl isolation of the overtemperature section may

then be accomplished,

WING SPAR VENTILATION SYSTEM

The face of each wing front spar has a fiberglass baffle attached to the wing
leading edge enclosing an area in which the wing bleed air manifeold is routed.
The areas around the manifolds are vented by ram alr entering through two flush
type inlets located on the lower surface of the wing adjacent to the inboard
engine pylons. Half of the air flows outboard and is discharged through ports
on the lower surface of each wing near the tip, while the remainder of the air
flows inboard and is ducted intc the fuselage and dumped overboard through a
discharge port (see Figure 15-4).

Ventilating air removes amy fuel vapors which may be present, and limits the
maximun temperature on the outside of the bleed alr ducting to epproximately
135 degrees ¢ (275 degrees F).

Ventilation Duct Lip Anti-Icing

The ventilation iniet duct lip 1s protected from ice by electric heaters, These
heaters are controlled by the right and left wing switches on the anti-lce con-
trol panel. They remain on continuously as long as the wing anti-ice system is
actuated.

ADVERSE WEATHER SYSTEMS

Anti-icing and de-icing systems, and a windshield rain removel system provide
complete adverse weather protection. The ice and rain protection systems are
as follows: (Figure 15-5).

1. Bleed air snti-icing system for the wing and slat leading edges.

5. Bleed air rain clearing system for the windshields.

3. Bleed air anti-ice system for the engine inlet ducts.

L, Hlectric anti-ice and anti-fog systems for the flight compartment wind-
shields and sliding windows,

5. Electric de-icing for the tail leading edges.

6. Flectric anti-ice gystem for the flight instrument pitot tubes.

7. Electric anti-ice system for the rudder boost "Q' cylinder pitot tube.

8, Electric anti-ice system for the elevator pressure boards alr inlets.

Although some systems are called "anti-icing," all systems have de-icing capa-
bility.

The wings ave protected against ice formation by a double-skin, hot-air, antli-
icing system installed in the wing leading edges. The tail de-icing system uses
integral, electrically heated blankets on the horizontal and vertical stabilizer
leading edges. The center and main windshields are anti-iced by electrically
heating a high density transparent conductive coating on the inner surface of
the outer glass ply. The main windshields are anti-fogged by electrically heat-
ing a low density coating parallel to the high density coating. Anti-fogging

Oct. 23/61
K 15-7




CONVAIR MODEL '@

OPERATION MANUAL

INIA dIL ONIM

¥vdS INOH4

3903 9NIavIN

O LA
12Nad 13INI ONINOOD dvds

1ONa ¥Y 9NINO0Y NOILDI3S
WNN3Td 39¥135N4 OL ONIM

INIW31 ONILVIH

INVINI NIV

8Nl “ . il

(NOTAd Q¥VOENI)
NOILVTIVISNI 8nis” _

#VdS INO¥d

K

Oct. 23/61

Wing Spar Ventilating System
Figure 15-4



CONVAIR MODE}

OPERATION MANUAL

ICE, FOG AND RAIN PROTECTION
FLIGHT COMPARTMENT

ICE PROTECTION EMPENNAGE

NOTE: 5LATS SHOWN EXTENDED %

16

FUSELAGE

ICE PROTECTION WING (LH TYPICAL)

1. FLIGHT INSTRUMENT PITOT TUBES ANTI-ICE (TYPICAL 2 PLACES) 9. OUTBOARD WING LEADING EDGE ANTI-ICE (TYPICAL|
2. WINDSHIELD RAIN CLEAR 10, SLAT NO, 4 ANTI-ICE (TYPICAL)
3. WINDSHIELD ANTLICE AND ANTI-FOG 11. SLAT NO. 3 ANTIICE (TYPICAL)
4. SLIDE AND AFT WINDOW ANTI-FOG 12. SLAT NO. 2 ANTI-ICE (TYPICAL)
5. RUDDER Q FEEL SYSTEM PITOT TUBE ANTI-ICE 13. SLAT NO. 1 ANTLICE (TYPICAL)
6. VERTICAL STABILIZER LEADING EDGE DE-ICE 14, INBOARD WING LEADING EDGE ANTI-ICE (TYPICAL)
7. ELEVATOR PRESSURE BOARD AIR INLET ANTI-ICE 15, WING LEADING EDGE ANTI-ICE (TYPICAL)
8, HORIZONTAL STABILIZER LEADING EDGE DE-ICE {TYPICAL) 16. ENGINE AND POD ANTI-ICE (TYPICAL 4 PLACES)
(REFER TO CHAPTER 75, AIR)
30.02.30.019
o s 3 T
Oct. 23/61 Adverse Weather Systems
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of the sliding and aft windows in the flight compartment is sccomplished by
electrically heating a low denslty conductive coating on the inner surface of
the center glass ply.

The rain clearing system routes hot air to the wilndshield area and injects it
parallel to the alrstream through nozzles., The pitot system probes on each side
of the fuselage, "Q" feel pitot tube, and the elevator pressure boards air in-
lets are thermally anti-iced by electrical heating units integral with the

probe heads. The engine air inlet duct lip, engine compressor nose cone and
guide vanes and the aft fan air inlet and outlet guide vanes on each engine are
anti-iced by the application of hot air.

All control of the anti-icing and de-icing system is manual. Control switches
for all the anti-iecing and de-icing systems are located on the pilots' overhead
switch panel (see Figure 15-3).

WING AND LEADING EDGE SLATS ANTI-ICE SYSTEM

Fach wing leading edge is divided into three sections for anti-icing purposes.:
an inboard section between the lnboard pylon and the fuselage, a center sectlon
vetween the inboard and cutboard pylons, and the outboard section between the
cutboard pylon and the wing tip. Each of the six sections receivés bleed air
through the six wing anti-ice valves located in ducts connected to the bleed air
gystem. The wing anti-ice valve reduces the 40 psig duct pressure to 13 psig
and passes it into the distribution tube where it is ported to the leading edge
skin passages. The distribution tube ports are smell drilled heles which re-
duce the 13 psig bleed air pressure to approximately 2 peig. After passing
chordwise through the leading edge passages, the air is dumped into the aréa
between the forward and aft baffles in the leading edge just forward to the
spar, The alr is then dumped overboard through slots located on the lower sur-
face of the leading edge at the front spar (gee Figure 15-6).

Bleed air tapped from the bleed alr duet prevents formation of ice on the wing
leading edge slats. The bleed air passes to piccolo tubes via a telescoping
duct and bellows assembly, The tubes extend spanwise forward of the slat baf-
fle; air from the piecolo tubes circulates between the inner and outer skins of
the slat and intc the area between the leading edge front and rear baffles,
Temperature sengors are provided in the leading edge slats.

Wing Anti-Tce Valves

In addition to regulating the flow of bleed air to the distribution tubes, the
aix wing anti-ice wvalves can be closed automatically or manuvally when an over-
heat condition exists., The six skin patch temperature sensors (those paired
with the six patches connected to the leading edge and duct space tempersture
system) are connected to their associated wing anti-icing valve. The valve
control sensor will, upon detecting a skin temperature of 157 degrees C (315
degrees F'), cause its associated wing anti-icing valve to close. Upon sensing
a temperature drop to 46 degrees C (115 degrees F), the valve control sensor
will re-signal the wing anti-ice valve to open. No provisions have been made
for manual opening of any wing anti-icing valves against a closing signal from
the sensor patches. However, all the valves (3) in each wing can be manually
closed by placing the appropriate wing anti-icing switch in the OFF position.

Oct. 23/6L
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Wing Anti-Tce Switches

Two two-position ON-OFF switches are provided for wing anti-icing control. One
ig located in the lower left side of the anti-ice panel, placarded L.WING, and
one in the lower right side placarded E. WING. In the ON positioen, the respec-
tive wing anti-ice pressure regulator valves are opened and hot azir flows into
the wing and slat anti-ice air distribution tubes. A WING ICE LT3 switch in
the EXTERIOR LTS control panel, activates wing leading edge floed lights for
night ingpection purposes.

Wing Anti-Ice Indicator Lights

Directly above each wing anti-ice switch are three amber lights labeled CLOSED
INBD, CLOSED CENTER and CLOSED OUTBD. ZEach light represents its respective
wing anti-ice valve. With the wing anti-lice switches ON, a light will illumi-
nate 1f a valve fails to open or ls closed by an overheat condition.

CAUTION: OPERATING THE WING ANTI-ICE SYSTEM WHILE ON THE GROUND IS NOT RECOM-
MENDED DUE TQ THE POSSIBILITY OF OVERHEATING THE LEADING EDGES, FRONT
SPARS OR VENT SCOOPFS. OPERATION FOR TEST PURPOSES UP TQ 20 SECONDS
15 PERMISSIBLE.

TATL DE-ICING SYSTEM

The tail de-icing system employs integral cyclic-electrical leading edge heat-
ing blankets for periodic removal of ice (see Figure 15-7), The cyclic heating
blankets are separated by parting strips which are heated continucusly when the
system 1s energized. FEighteen heaters are used, each having an area of approx-
imately 400 square iuches. A controller cycles power to the individual heaters
for a maximum heat-on time of 12 seconds per segment, and a fixed heat-off time
of 180 seconds. This seguence provides cptimum de-icing performance with mini-
mum runback ice formation behind the heated area,

Tail De-Icing Overheat Protection

Overheat protection is provided by a microswitch on the main landing gear which
prevents operation of the system on the ground, and by two thermoswitches which
remove ac power from the parting strips at ambient alr temperature above T de-
grees ¢ (45 degrees F).

Heat Sensors -

There are 36 temperature sensors in the heater system, two embedded in each
heater pad. Only one sengor in each heater pad is used in the circuit; the
others are spares that may be ugsed to replace failed units without the removal
of the boot installation. The sensors sighal area tempersture to the control-

ler.

They are set at a value of 27 degrees ¢ (80 degrees F) and, upon reaching this
temperature, will shut down the respective heater pad and switch power to the
next heater.

Oct. 23/61
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Tail De-Icing Controller Unit

An electro-mechanical controller is located in the tail area aft of the pres-
sure bulkhead. Upon receipt of a 28-volt de control signal {TAIL anti-ice
switch, pilots' overhead switch panel), the controller eloses a 3-phase, 115-
volt ae circuit, energizing the parting strips and connecting the No. 1 heating
pad to its appropriate ac terminal. A full voltage is then applied to the No.
1 pad for a maximum of 12 seconds., The voltage then retwrns %o zero, the No. 1
heating pad is removed from the circuit, and the No. 2 heating pad is connected
to its appropriate terminal. This process is repeated until all 18 heater pads
have been cycled.

The time interval of voltage application to the heater pads will vary from a
maximum of 12 seconds to some shorter interval, depending on the amblent tem-
perature. The controller will also select individual sensor signals which are
gynchronized to correspond with the heating pad selected.

Normal time for a complete cycle 1s 180 seconds. If, however, due to the am-
bient temperature the individual heater pad operation times are shortened, the
controller will shut off eyeling until 180 seconds have elapsed from the start
of the heating cycle. However, ac power will continue %o be impressed upon the
parting strips throughout the entire 180 second pericd. The unit will cease to
aperate 1f ac power fails during a heating cycle. The unit will resume normal
operation upon restoration of ac power,

Controller Overload Protection

The controller incorporates overload protection of all three phases of both the
rarting strips and the heater pads and will disconnect arny overloaded phase or
rhases from the power supply. The parting strip heater circuit protection de-
vice provides visual evidence of the overloaded phase. It can be resel by man-
usl means only at the controller itself, The heating pad circuit can be auto-
matically reset by the controller when it selects the first subseguent heating
pad that caused the overloaded condition., Fuses are not used in the overload
protection devices., Any malfunction of the controller will not result in sus-
tained heating of a heater pad which might cause damage,

Tail De-Icing Control Switch

The tail de-icing system is controlled by a toggle switeh located in the anti-
ice section of the pilot's overhead switch panel. This switch is labeled TAIL
and has three positions, ON-OFF-TEST.

The TEST pesition provides for ground checking the controller without applying
de-icing vcltage. An smber light labeled MALFUNCT-TAIL is located directly
above the switch.

Teil De-Tcing Malfunction Indicator

The MALFUNCT-TAIL warning light will illuminate during the following malfunc-
tions:

15-14 K
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1. Overload of any phase in the parting strip circuits by continuous indi-
cation while the controller ig operating.

2. Overload of any phase of the heater pad circuits by an indication only
witile the faulty pad is selected for heating,

3, Failure of the controller motor to start.

4., During ground test of the de-icing system.

The controller circult may be tested prior te flight by placing the control
gwitch in the spring-loaded momentary contact TEST position and observing 18
"blinke" on the MALFUNCT-TAIL light over a 10 to 15 second period of time.

WINDSHIELD ANTI-TCE AND ANTI-FOG SYSTEMS

The windshield anti-ieing and anti-fogging systems provide coptimum visibility
under extreme weather conditions, Five-ply sandwich construction consisting of
three layers of glass separated by two layers of vinyl plastic is used in both
the windshields and side panels. Windshield anti-icing is accomplished by sup-
plying electrical current to a high-density conductive coating on the inner sur-
face of the ocuter glass panels. Anti-fogging for the windshields is provided by
a parallel low-density coating on the inner surface of the center glass panels.
The side panels and sliding windows are provided with anti-fogging only, accom-
plished by the same method as that used for the windshields (eee Figure 15-8).
The anti-fogging system is designed to operate at all times during flight. The
heat supplied tc the low-density coating of the windshields maintains the aft
vinyl layers at approximately 38 degrees C (100 degrees F) and tends to in-
ecrease the structural integrity of the windshields, making them more resistant
to impact.

windshield QOverheat Protection

Both the windshield anti-icing and anti-fogging coatings are protected against
overheating by sensing elements located in the vinyl layer next to the conduc-
tive coating., The sensing element controls the heat input by maintaining a
constant temperature, thus precluding an overheated windshield. Prctection
against overheat by the rain clearing system ig also provided.

Windshield Anti-Ice-Fog Control Switches

The windshield anti~icing and anti-fogging control switches are located on the
pilots® overhead switch panel. Under normal operating condlitions, all wind-
shields and side windows will utilize anti-fogging continuously, except during
anti-icing operations, The three windshields are controlled by three three-
position switches labeled PILOT, CENTER and COPILOT. The three positions of
the switches are ANTI-ICE, OFF snd ANTI-FOG. The two sliding windows are con-
trolled by two Two-position switches labeled WINDOWS SLIDING AFT. The two
positions of the switches are ANTI-FOG and OFF.

When all the switches are placed in the ANTI-FOG position, all of the anti-fog
conductive coatings are energized and cause the control boxes to increase the

temperature of the inner glass on all panels above the dew polint. At the same
time the inner layers of vinyl are maintained at a temperature of 27 to 38 de-
grees C (80 to 100 degrees F).

Oct, 23/61
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When the three windshield control switeches are placed in the ANTI-ICE position,
current from the control boxes increases the outside surface temperature of the
windshield panels to maintain a temperature of 1.1 degrees C (35 degrees F).
The sglide windows make no provision for anti-icing.

PITOT TUBE ANTI-ICING SYSTEM

The pitot system probes, located on the lower left and right sides of the fuse-
lage are equipped with integral electric heaters for the prevention of ice ac-
cumulation. The heaters are controlled by two ON-OFF toggle switches located
in the forward left corner of the pilots' overhead switch panel. Two pitot
heater ammeters are located above the switches and indicate when their respec-
tive pitot probe heaters are erergized (see Figure 15-9). The rudder "Q' feel
pitot heater located just above the fuselage fairing on the vertical stabilizer,
is anti-iced in the same manner as the flight instrument pifot tube heaters,

No control switch is provided for the "Q" feel pitot tube., Opening and closing
the RUDDER "Q" FEEL PITOT HEATER circuit breaker is the only circuit control
available to the flight crew. An ammeter located on the pilots' overhead
switch panel provides positive indication the "Q" feel circuit is energized.

ELEVATOR BALANCE BOARD AIR TINLET ANTI-ICING SYSTEM

One elevator balance board air inlet is located on the right-hand and left-hand
horizontal stabilizer leading edges. Each inlet is anti-iced by integral heat-
ing elements, No control switches are provided for the two inlet heaters.
Opening and closing the LH and RH BAL BOARD INLET ANTI-ICE circuit breakers is
the only circuit control available to the flight crew.

ENGINE ANTT-ICING SYSTEM

The engine air inlet duect lip, the engine compressor nose cone, the inlet
guide vanes and the aft fan inlet on each engine are anti-iced by hot bleed air
from the engine (see Figure 15-10).

Engine Duct Lip Anti-Tcing

Bleed air at 40 psig is directed from the engine bleed air pressure regulator-
shutoff valve through a duct into the nose cowl of each engine through a pres-
sure regulating and shutoff valve. From this valve the alr discharges forward
into the duct lip distribution plenum chamber at a pressure of 1l psig.

Engine Anti-Tcing

The nose cone and inlet guide vanes of each engine are protected from ice by
hleed air taken directly from the engine's bleed air manifeld. The bleed air
passes through an engine anti-ice temperature regulator-shutcff valve and is
then circulated through passages in the guide vanes and nose cone. The engine
anti-ice valves are controlled by the same switches that control the duct lip
anti-ice valves.

Oct. 23/61
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Aft Fan Anti-Icing .

A portion of the engine turbine exhaust gas is bled through holes in the inner
strut baffles and flows into the middle hot section of the fan front frame.

The air then flows outward through the leading and trailing edges of struts No.
2, 3, 4, 6, 7, and 8 of the fan front frame. This air anti-ices the struts and
is vented overboard through two holes at the outer end of each strut. Strut
No. 1 and No. 5 (the top and bottem struts) do not require anti-icing, since
they are covered by the fan inlet ducts, and thus, are not subjected to icing
conditions.

Engine Anti-Ice Control Switches

For operation of the engine anti-icing system, the four OFF-ON toggle switches
in the engine anti-ice switch panel are placed in the ON position.

Fngine Anti-Ice Malfunction Indicators

Four amber warning lights directly above the control switches illuminate MAL-
FUNCT if their respective valves malfunction open or closed when the control
signals from the switches dictate otherwise.

WINDSHIELD RATN CLEARING SYSTEM

Proper visibility during rein conditions is assured by a bleed ailr rain clesr-
ing system. Bleed air is routed forward under the flight deck floor ¢ the
pilot's and copilot's windshielde from the fuselage bleed air duct. The air
passes through a rain clearing valve which also acte as the fuselage emergency
bleed air isolation valve for that portion of fuselage ducting forward of the
valve, From the rain clearing valve, the air continues through the duct to the
sonic nozzles located at the lower inboard corner of the pilot's and copilot's
windshields. If both the rain clearing and the anti-ice systems are turned omn,
only the rain clearing system will operate on the pilot's and copilot's wind-
shield panels. The anti-ice system will operate on the center panel, which is
not served by the rain clearing system.

Rain Clearing Control Switch

The rain clearing system is controlled by an ON-OFF switeh located on the
pilot's overhead switch panel and by twe temperature sensors located in the
windshield panels {see Figure 15-11). Hot air may be deflected from the wind-
shield panels by two ramps, operated by prneumatic actuators. The actuators are
controlled by vinyl temperature sensors, A temperature in excess of 200°F
(93°C) at the vinyl sensor, i.e: during run-up or taxiing, will allow the ramps
to raise, deflecting hot air from the windshield,

Placing the RAIN CLEAR switch in the ON position opens the rain clearing con-
trol valve. Regulated bleed air pressure at 40 psig is then ejected through
sonic nozzles parallel with the airflow over the windshield panels. Because
of the high air velocity across the surfaces, a barrier is formed which pre-
vents rain impingement. Any rain that might actually penetrate the barrier
will evaporate due to the heat of the windshield boundary layer.

Oct. 23/61
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Overheat Protection

In case of an overheated condition, two temperature sensors located in the wind-
shields are set to close the rain clearing valve automatically at 104 degrees C
(220 degrees F). A blue indicator light above the rain clearing control switch
onn the overhead panel 1lluminates when bleed alr 1s flowing through the rain
clearing duct valve.

ADVERSE WEATHER AND BLEED ATR SYSTEMS POWER SOURCES

The buses that supply electric power to the components of the adverse weather
system are as follows: (For detailed information, consult the WIRING DIAGRAM

MANUAT.. )

115-Volt, L0O cps, ac bus system

Pilot's pitot heater

Engine duct lip anti-icing valves, engines No. 1 and No. 4
ti-fog coating, sliding and aft window panels

Anti-fog and anti-ice coating, left main windshield

Tail anti-ice heaters
ti-fog and anti-ice coating, center and right windshields

Copilot's pitct heater

RFleed air overheat loop detectors, fuselage and wings

Skin overheat detectors, right and left wings

Engine duct lip overheat detectors

Space overheat detectors, right and left wings

Engine duct lip anti-icing valves, engines No. 2 and No. 3

Rudder "Q'" feel pitot heater

Elevator balance board air inlets (2)

28-volt dc bus system

Eleed sir overheat warning light, left wing

Eleed air regulator-shutoff valves, engines No. 1 and No. 2

Bleed air regulator-shutoff valve lights, engines No, 1 and No. 2
Bleed air regulator-shutoff valves, engines No. 2 and No. &4

Bleed air regulator-shutoff valve lights, engines No. 3 and No. 4
Bleed alr high-pressure light

Bleed air excess heat warning light, fuselage and right wing
Space overheat warzning light

Anti-ice ON indicator light

Tail de-ice controller and indicator

Windshield rain clearing bleed air wvalve

Rain clearing temperature sensors

Oct. 23/61
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OXYGEN SYSTEMS

QENERAL OXYGEN SYSTEMS

Two high pressure, 1800 psi gaseous oxygen systems and various numbers of porta-
ble oxygen storage bottles are avallable for flight crew and passenger use. A
diluter-demand type gaseous oxygen system supplies oxygen te all the crew mem-
bers and the chserver. The other gaseous oxygen system is a continucus flow
type supplying oxygen to the passengers and the stewardess. The passenger oOxy-
gen system is automatic in operation when the cabin altitude exceeds 14,500
(£1,000}. {(See Figure 16-1.) Portable oxygen bottles provide first aid oxygen
for the passengers, snd smcke protection or supplemental oxygen for the crew
members.

FLIGHT CREW CXYGEN SYSTEM

The flight crew oxygen system censists of two 1800 psi oxygen storage bottles,
a system pressure reducer, diluter-demand regulators for all the crew members
and obgerver, and noxrmal oxygen masks and smoke goggles for use with each
diluter-demand regulator. A high pressure line shutoff valve is also included
which permits the flight crew to divert oxygen from the passenger Oxygen system
storage bottles to the flight crew oxygen system.

Oxygen Flow Path

Oxygen flows from the source of supply through the pressure reducer where it 1s
decreased in pressure from 1800 psi to 50-70 psig. From the reducer, oxygen
flows to sall the crew members' and observer's diluter-demand regulatorz. With
the regulator supply swibches in the ON, NORMAL OXYGEN, and EMERGENCY OFF posi-
tions, the regulator will supply a diluted amount of oxygen on demand up to
32,000 feet, at which point the regulator will be supplying 100 percent oxygen.
With the switches in the ON, 100% OXYGEN, and EMERGENCY OFF positions, the
regulator's demand feature is eliminated and 100 percent oxygen is supplied at
511 times. With the switches in the ON, 100% OXYGEN, and EMERGENCY ON positions,
the regulstor will deliver an oxygen flow at a positive pressure equal to 3.5
inches of water. The EMERGENCY ON position is used when added pressure of oxy-
gen is required to flush the smoke mask after donning, when a positive pressure
is necessary because of high cabin altitude, or to test the mask's oxygen flow.

Normal Oxygen Mask

The normal oxygen mask is connected to the system at each crew member's mask
stowage box. Oxygen is routed from the crew member's respective regulator to
the mask stowage box and normal oxygen mask conmnector fittings. Smoke goggles
are provided for use with each mask. The goggles are stowed adjacent to each
mask stowage box. (see Figure 16-2).

Oxygen Storage Bottles

The four oxygen storage bottles that furnish oxygen for the flight crew and pas-

senger oxygen systems are mounted on the aft left side of the flight compartment.
Fach light-weight steel bottle has a capeacity of 107.0 cubic feet of oxygen at

Oct. 23/61
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1800 psi. The contents of each bottle is indicated by a pressure gage mounted
on the bottle. The gage 1s an integral part of the manually operated slow-
cpening valve that prevents pressure surges in the oxygen system.

Oxygen Storage Bottle Safety Disc

Each oxygen storage bottle is equipped with s built-in safety dise that will
fracture at a bottle pressure of 2775 psig, or at a temperature of 160 degrees
Fahrenhelt. When s safety disc is blown ocut, the entire contents of the bottle
will dump overboard and eject a green bdblow-out disc mounted in the fuselage skin.
The green bBlow-out disc provides a visual indication from the exterior of the
airplane as to the condition eof the oxygen bottle safeiy disc. The blow-out
disc is located in the skin directly outbeard of the oxygen storage bottles.

High Pressure Line Shutoff Valves

The high preszsure line shutoff valve is located in the interconnecting line be-
tween the two passgenger oxygen storage bottles and the flight crew oxygen stor-
age bottles. The purpose of this valve is to sallow the flight crew to use the
passenger oxygen supply when necessary.

PASSENGER OXYCGEN SYSTEM

The passenger oxygen system is the continudus-flow type supplied from two oxy-
gen storage bottles in the flight compartment. Oxygen from each storage hottle
flows through an auvtoc-opening continuous flow regulator valve. The flow from
the two valves 1s combined into one single line into the passenger compartment
ares where the line tees into two llnes connecting to the overhead convenience
podg on each side of the airplane. At each pod, the lines connect to a rotary
valve for each mask and to a pneumatic latch. Plastic tubes comnnect the rotary
valves to the passenger face masks.

Automatic Actuating System

The twe auto-opening continuous flow regulator wvalves are controlled by baro-
metric pressure and are adjusted to open at a pre-determined altitude. The
regulators reduce the 1800 psig supply oxygen to a pressure of 13-55 psig. When
oxygen flow occurs, the pneumatic latches are released and the passenger oxygen
masks are dropped. A manual override toggle switch at each valve allows oxygen
t0 be released t0 the passenger masks manually. However, between cabin alti-
tudes of 10,000 feet and 14,500 feet (#1,000 feet), the masks must be manually
removed from their stowage positions.

Passenger Oxygen Masks

The number of masks in the passenger oxygen system, and their locations, varies
with different interior configurations of the airplane. Each mask assembly
consists of a face mask, various valves, a reservoir bag and connecting tubing.
One additional mask for each seat row is provided to supply oxygen for children
in arms. ERach lavatory alsc has available two sutomatically released oxygen
masks.

Oct. 23/61
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The passenger's and stewardess's oxygen masks are supplisd with oxygen by manu-
ally pulling the masks downward after they have been released from the mask
gtowage panel. The downward pull actuates the rotary valves that permilt oxygen
to flow into the face masks (see Figure 16-3).

PORTABLE OXYGEN BOTTLES

One portable high pressure oxvgen bottle, regulator and mask is located in the
flight compariment.

Other portable high pressure oxygen hottles, varying from three tc six in num-
her depending on interior confipguration, with demand regulators and continuous
flow masks are located in the passenger compartment.

Oct. 23/61
K 16-5



CONVAIR MODE}

OPERATION MANUAL

/ MASK
/' STOWAGE BOX
'\ MASK STOWAGE

RESERVOIR

BAG . G STOWAGE OF MASK

INHALATION j . 1. TURN SUPPLY OFF.
2. COIL MASK HOSE,

/ 3. CLIP PLUG TO LEVER

5’;*:3:!“0 ) - 4. TUCK MASK IN BOX
_0 ‘ AND CLOSE DOOR.

COMPENSATED
. - SAFETY AND

FACE (MOUTH
AND MNOSE] MASK

Passenger Oxygen Mask Stowage Oect. 23/61
16-6 Figure 16-3 K



r~ FIRE PROTECTION
v SYSTEM




CONVAIR MODE}

OPERATION MANUAL

Bection 17

FIRE PRCTECTION

TABLE OF CONTENTES
TTITLE PAGE
GENERAL FIRE PREVENTION. ceoserervenancnss everbseanasrans enasversrsannnnsas L7=1
FIRE PROTECTION SYSTEM. evcvsacncenss eresanaanann ieteescnvenanen asaresvaany 17=1
FIRE DETECTION SYSTEM. e cevvvencarsnnnononrns Cesssasanansnes brtserTrasnanane 17-1
Steady Illuminationiesesnsasaenas tesseresenenannnees trseua s, e 175
Flashing I1luminatioNiesesenensnnsaans cessessirsansaea sesseissaannnnuas 17-5
FIRE EXTINGUISHING SYSTHEM. csveausnosensaonnans cesraseanasann O By
Fire Extinguiching Ageltececocnrancnane ieiisessnnanama triesvernvennarn 1T7-5
Discharge Rate.eerencnnsaes tusesssesennsasnanen ceenesenenens senssranees  LT-5
FIRE EXTINGUISHING SYSTEM CONTROTS.esessnencnans fresatiasvanaasnnn cnsveees 176
Fire-Pull "T" Handles...sses.. Cevetessenrinanaan Cheessienennaannsuan .. 17-6
Extinguishing Agent Switches........ Ceivenereneanns fereresesesaerenans 17-6
Extinguishing Agent Out Lightgesevess.s Ceesveeaasnennevat ot eaoannns 17-6
Fire and Overheat Teat Switchiseseisancnes fisdstessnascnnavonrerasness 1726
Fire Bell Reset Switchiv..... certEstescoanananns eteererenennans eeease 17-6
EXTINGUISHING AGENT STORAGE CONTAINER PRESSURE INDICATORS. ..cesarawsasraes 17T
GROUND FIRE FIGHTTING PROVISTIONS. e svsnnascnsae e, P eaterasasanaa iT7-7
HAND FIRE EXTINGUISHING EQUIPMENT WEIGHT AND CAPACITIES. cueeerressaaranaes L7-7
EMERGENCY FIRE AXE.evececriananans e atsasraarasncansens resetsera e aenanens 17-7
SMOKE GOGGLES. ctvovasosannancanss b rebteistsessanssensrnnmes it i e evenaanna 17.T

FIRE PROTECTION SYSTEM ELECTRICAL SOURCES., .eervevcsatnacesssssnsnacsesasns 17-7T

Oct. 23/61
K Page 1



CONVAIR MODE}

OPERATION MANUAL

FIRE PROTECTION

GENERAL FIRE PEEVENTION

In order to prevent any possible spread of a fire in the engine areas, the pod
end pylon of each engine installation is divided into four separate compart-
ments as follows:

1. The compressor and accessory section is divided into a forward compart-
ment,

The combustion liner and turbine sections are divided intco an aft com-
partment,

kY]

3. The pylon is isclated from the pod by a liquid and vapor tight titanium
firewsll capable of resisting s 2000 degree F flame for a period of
15 minutes,.

L, The pylons are isolated from the under surface of the wing by means of
a draft seal.

FIRE PREOTECTION SYSTEM

The fire protection system consists of two subsystems; fire detection and fire
extinguishing (see Figures 17-1 and 17-2). Continucus loops in the engine areas
detect an overheat or fire condition, and transmit a signal through control
units and power relays to a warhing bell and warning lights in the flight com-
partment. A FIRE PULL "T" handle is then pulled to shut off the supply of
fluids to the engine in which the fire exists. Pulling the Tire-pull handle
also exposes a previously inaccessible extingulshing agent release switch.

When actuated, this switch releases the extinguishing agent to the affected
area, If = fire has been extinguished and then re-occurs, & two-shot coniig-
uration mekes it possible to direct the contents of another container to the
area {see Figure 17-3).

FIRE DETECTION SYSTEM

Fach engine pod and pylon contains a fire detection circuit, The overheat and
fire detection continucus loop is routed in a "maximum hazard” pattern around
the burner and turbine portion of the engine in the aft pod compartment. A
second fire detection loop is routed in the same manner around the compressor
and accessory portlons of the engine in the forward pod compariment and alsc
extends intc the pylon.

whenever sny part of the continuous loop circuit in the forward compartment is
exposed to fire bemperature, the detector warning lignts, located in the fire-
puil handle, illuminate and the fire warning bell will sound. When any part of
the continuous loop circuit in the aft pod compartment is exposed to overheat
or fire temperature, the detector warning lights, located in the fire-pull
handle, flash intermittently and the warning bell sounds continucusly.

Oct. 23/61
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In addition to the overheat and fire detection system for the nacelle and pylon
areas, a "three-spot" thermoswitch system is installed in each main wheel well,
If the thermoswitches detect excessive heat in the wheel well areas, & f{lasher
circuit is excited and the appropriate LH GEAR WELL or RH GEAR WELL warning
light flashes and the fire warning bell sounds continuously. The alarm temper-
ature for the thermoswitches is 275 degrees ¥ (135 degrees (). The two gear
well warning lights sre located on the fire control panel between the No. 2 and
No. 3 engines fire pull handles,

Steady Illumination

Steady illumination of any of the four fire-pull "T" handle warning lights and
stesdy scunding of the fire warning bell should be assumed by the flight crew
to be an indication of engine fire and the fire fighting procedure should be
performed immediately.

Flashing I1lumination

Flashing illumination of any of the four fire-pull "T" handle warning lights
znd continuous sounding of the fire warning bell should first be assumed to be
caused by an excessive aft compartment temperaturs. Retard the appropriate
power control lever and cbserve 1f the warning signals cease. If not, assume
an actual fire exists and follow the fire fighting procedure., Flashing of
either gear well warning light should be assumed to be an overheat condition of
the main landing gear brakes or tires. No distinection is made between overheat
conditions and actual fire in the wheel well area, and no provisions are made
for Tire extinguishing. Therefore, in the event the gear well warning light
f'lashes and the fire warning bell soundS, the landing gear should be éxtended
for cooling.

FIRE EXTINGUISHING SYSTEM

The fire extinguishing portion of the fire protection system includes Tour
spherical containers for storage of the extinguishing agent. One contalner is
located in each pylon, just forward of the fuel box beam area in each pylon.
Two discharge valves operated by electricaily discharged cartridges, & main and
reserve control and corrvesponding agent outlet tubing, attached toc each con-
tainer, release and route the extinguishing agent either to the corresponding
pod and pylen on the same wing. This two-shot, crossfeed configuration makes
it possible to release a second charge of fire extinguishing agent to the same
pod and pylon if snother fire breaks out, without having two contalners for
each éngine,

Fire Extinguishing Agent

The fire extinguishing agent utilized in Bromotrifluorcmethane (CFSBr) and each
container is charged with 5.5 lbs of the agent.

Discharge Rate

Esch container will rapidly dischserge so as to provide a concentraticn of 15
percent by volume throughout the compartments for a duration of 1/2 second.
This concentration oceurs within 3 to 4 seconds.

Cet. 23/61
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FIRE EXTINGUISEING SYSTEM CONTROLS

The fire extinguishing system controls comnsist of four fire-pull "T" handles,
four agent-cut indiecator lights, and four switcheg to select maln or reserve
release of the fire extinguishing agent, A test switch is provided for test
of the fire and overheat system. A fire warning reset button is also provided.
Al controls are on the fire control panel located in the center of the pilots!
instrument panel anti-glare ghield.

Fire-Pull "T" Handles

Four FIRE-PULL "T" handles are provided, one for each engine area. Each handle
contalng the fire detection system warning lights. Pulling the "T" handle ex-
poses & previously inaccessible extinguishing agent switch and also actuates
microswitches which route 28-volt dc power directly to the emergency fuel shut-
off valve, engine bleed air shutoff valve, and the hydraulic suction shutoff
valve, Also, hydraulic low pressure warning lights are disarmed.

Extinguishing Agent Switches

Pulling the "T" handle exposes the EXTINGUISHING AGENT three position spring-

loaded switches, Actuating the switch momentarily to MAIN releases the extin-
guishing agent for the pod and pylon involved, Actuating the switch momentar-
ily to RESERVE releases the extinguishing agent from the adjacent "same wing"

engine fire protection system to the pod and pylon involved.

Extinguishing Agent Out Lights

A pressure sensitive switch in each container illuminateg the AGENT OUT light
when the contents of the container have been released or pressure should leak
below 250 pgi. Movement of the extinguishing agent switch to the reserve posi-
tion illuminstes the AGENT OUT light of the adjacent engine fire extinguishing
agent container when its contents have been released.

Fire and Overheat Test Switch

A three pogition TEST switch is located on the right side of the fire control
panel for pre-flight test of the fire detection system. Moving the switch to
FIRE position illuminates the steady burning fire warning lights, and sounds
the fire warning beli, if the circult is operating properly. The main gear
well warning lights will only illuminate in the FIRE position, The lights will
flash indicating continuity of the circulit. Moving the switch to O'HEAT posi-
tion illuminates the flashing overheat warning lights, and activates the Tire
warning bell, if the circuit is operating properly.

Fire Bell Reset Switch

A momentary push-button switch is provided on the left gide of the fire control
panel to reset the fire warning bell after it has been activated.

Oct, 23/61
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. EXTTINGUISHING AGENT STORAGE CONTAINER PRESSURE INDICATORS

Each extinguishing agent storage container is provided with a pressure gage
marked in 5O psi increments from O to 1500 psi. Storage containers are normally
pressurized to 600 lbs at 21 degrees C (70 degrees F) with nitrogen used as the
pressurizing medisa.

GROUND FIRE FIGHTING PROVISIONS

Two fire access doors are installed in the left side of each engine nacelle.
These doors are clearly marked, pop-in types, and are faired to the skin of the
nacelles when not in use. Portable fire extinguishers, usually the cone type,
can be thrust against one or both of the doors for ground fire extinguishing
purposes (see Figure 17-4).

WARNING: CONSIDERABLE CARE SHOULD BE TAKEN BY GROUND PERSCHNEL IN GROUND FIRE

EXTINGUISHING FROCEDURES TO AVOID DEATH OR INJURY FROM OPERATING JET
ENGINE INTAKES OR EXHAUSTS.

HAND FIRE EXTINGUISHING EQUIPMENT WEIGHT AND CAPACTTIES

Three winterized hand water fire extinguishers are provided: one at the for-
ward main entrance area and two on the forward side of the partition immedi-
ately forward of the aft entrance. A hand type COp extinguisher is located in
the flight compartment near the circuit breaker panel,

. EMERGENCY FIRE AXE

An emergency fire axe is provided in the flight compartment, mounted in a hold-
er on the flight compartment door,

SMOKE GOGGLES

Smcke goggles are provided for use by all flight crew members and the observer.
The goggles are stowed adjacent to each crew member's oxygen mask stowage box.

FTIRE PROTECTICON SYSTEM ELECTRICAL SOURCES

Fire detection system pilot's essential ac bus and the 28-volt de emergency bus.
Fire extingulshing system (including sll shutoff valve electrical power, fire
and overheat warning lights, and bell), 28-volt de emergency bus or 28-volt dc
battery bus.

Oct. 23/61
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FLICHT AND NAVIGATION TNSTRUMENTS

GENERAL DESCRIPTION - FLIGHT AND WAVICATTON SYSTEMS

The pilot's and copllot's instrument panels each displays a Tull set of flight
and navigation instruments. The flight instruments present altitude, attitude,
and airspeed information, The navigation system includes magnetic and radio
equipment for indicating heading, bearing, and position information. The flight
crew is equipped to take advantage of the aids to air navigation provided by the
federal airways system. ALl such equipment that is used on various versions of
the Convair 990 are described in this section.

Some of the flight instruments are refinements of gtandard types that have been
in common use for many years while others represent new concepts or combinations
of two or more types of information in a single instrument.

Thoee flight instruments which indicate airspeed and altitude are combined in a
Kollsman Integrated Flight Instrument System (KIFIS) which automatically com-
pensates for the errors inherent In instruments that depend on air pressure for
their operation., Stable directiocnal information is provided by a compass sys-
tem which combines gyro stability with the directional properties of the mag-
netic compsass, VOR/ILS, heading, and attitude information and computed attitude
commands are displayed in two instruments in the Flight Director System. Radio
bearing and geographic position information is provided by tlie Automatic Direc-
tion Finding and the Marker Beacon Systems. DME-~TACAN Systems and an EDO-Loran
System are provided.

Sesrch-weather radar furnishes informaticn for avoiding areas of heavy precipi-
tation which is associated with severe turbulance.

PITOT-STATIC SYSTEM

Pitot and static pressures are used in most of the flight instrument indicators,
the autopilot system, the cabin differential pressure indicating system, the
air conditioning system, the flight recorders, the alrspeed warning system, the
anti-shock body (ASB) fuel level and speed warning system, and the mach trim
system.

Pilot's and copilot’s pitot systems are completely separate, Pilot's and co-
pilot's static systems are also separate for normal operation. However, static
pressure selector switches in the systems permit selection of the alternate
static pressure source for the pilot's or copilot's static system or for both
systems at the same time., The block disgram of Figure 18-1 shows the arrange-
ment of the pitot and static systems.

A pitot shutoff valve enables the copilot to cutoeff pitot pressure to the aute-
pilot, the flight recorders, the mach trim sensor, the sirspeed warning control
switch, the ASB fuel warning system.

Pilct's Pitot System

The left pitot tube supplies pitot pressure to the airspeed indicator and the
Mach number indicator on the pilot's flight instrument panel,

Oct. 23/61
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Copilot's Pitot System

The right pitot tube supplies pitot pressure to the airspeed indicator and the
Mach number indicator on the copilot's flight instrument panel, and to the auto-~
pilot systems, the flight recorders, the airspeed warning control switch, the
ASB fuel warning and mach trim sensors, if the pitot shutoff valve is not in the
shutoff position.

Pilot's Static System

Twe side statie ports supply static pressure to the rate of c¢limb indiecator,
the altimeter, the airspeed indicator, and the Mach number indicator on the
pilot's flight instrument panel. If the pilot's static pressure selector is in
the ALT position, these instruments receive static pressure from the alternate
static source in the vertical stabilizer,

Copilot's Static System

Two side static ports supply statle pressure to the following if the copilot's
static pressure selector is in NORMAL position: copllot's rate of c¢limb indi-
eator, altimeter, airspeed indicator, and Mach number indicator. If the co-
pilot's static pressure selector is in the AILT positicn, the copllot's static
pressure requirements are transferred to the alfernate static pressure source.

Auxiliary Equipment Static System

Two side static ports supply static pressure to the following: the cabin dif-
ferential pressure indicator, the flight recorders, the mach trim sensor, the
airspeed warning control switch, the ASE fuel warning, and the.navigator/radio
operator’s altimeter.

Autopilot Static System

Two slde static pressure ports supply statlie pressure to the air data senscr
of the autopllot system.

otatic Pressure Selector Switches

4 static pressure selector switch emables either pilot to select the alternate
static pressure source for indicators and eguipment. A switch is located on
each pilot's suxiliary instrument panel. When the ALT STATIC SELECT switch is
actuated to ALT position, alternate statlic system pressure is in use, This
gelection can be made by either pilot, or by both pilots at the same time.

An electrical switch in the statlc pressure selector, which i1s mechanically
linked to the ALT and NOBMAL positions of the auxiliary instrument panel con~
treol, introduces a correction signal into the computer of the integrated flight
instrument system.

Oct, 23/61
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Pitot-Pressure Shutoff Valve

Pitot pressure to the autopllot, the flight recorders, the airspeed warning
control and fuel warning sensors is cut off by turning the AUX EQUIP PITOT
SHUTOFF control on the copilot's auxiliary instrument panel to the OFF position.
The instrument panel control actuates the pitot shutoff valve on the forward
side of the panel.

KOLLSMAN INTEGRATED FLIGHT INSTRUMENT SYSTEMS (KIFIS)

The Kollsman Integrated Flight Instruuwent System, also known as the Alr Data
System, provides continuous indications of indicated and true alrspeed, Mach
mumber, altitude, and statlc air temperature. The system includes computer
units which correct for variations in angle of attack, altitude, airspeed, and
temperature. The computer units are located in the control chassis assembly in
the electronics compartment. The system has an operating range from sea level
to 50,000 feet with tempersture ranging from -30 degrees C to +50 degrees Cc
(see Figure 18-2).

The instruments included in the KIFIS are: airspeed indicators, machmeters,
altimeters, a true airspeed indicator, and an cutside air temperature indica-
tor, Switches to test the system are also included,

WARNING: THE ATR DATA SYSTEM IS POWERED BY 115-VOLT, 40O CPS, AC CURRENT.
WITH 10SS OF ELECTRIC POWER, THE ALTTMETERS, MACH INDICATCRS AND
ATRSPEED INDICATORS WILL OPERATE CONVENTIONALLY BUT THE RESULTANT
INDICATIONS WILL BE UNCORRECTED FOR OPERATING VARTABLES, THE STATIC
AIR TEMPERATURE AND TRUE AIRSPEED INDICATORS WILL BE INOPERATIVE.

Airspeed Indicator

The pilot's and copilot's airspeed indicators are two-in-one instruments pro=-
viding a contimious indication of indicated airspeed and maximum allowable aire
speed, Fach instrument includes an airspeed dial calibrated in knots, a white
pointer to indicate airspeed, and a black pointer with red stripes to lndicate
the maximum allowable airspeed under all operatihg altitude and temperature
conditions.

The alrspeed mechanism consists of a pressure differentlal diaphragm which com-
pares the static and pitot pressures and positions the white pointer to read
indicated alrspeed ageinst the calibrations on the alrspeed dial. The red
striped black pointer is positioned with respect tc the same dial by a static
pressure diaphragm and indicates the maximum allowable alrspeed,

The renge of the airspeed indicator is 450 knots. A warning bell sounds 1f the
indicsted alrspeed exceeds the maximum allowable alrspeed. The bell circuit
can be tested by a test button located on the pilot's flight instrument panel.

Angle of Attack Sensor

The angle of attack sensor is mounted on the left side of the fuselage near
Station 473. The unit consists of & probe with two horizontal slots exposed to
the ram air, a pressure differential diaphragm, and dual transmitting synchros.

Oct. 23/61
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The slots sense the direction of the relative wind in relation teo the attitude
of the airplane and the synchros provide an angle of attack signal to the com-
puter units. An integral hesting unit in the sensor automatically maintains an
adequate temperature to prevent icing.

Altimeters

A separate altimeter 1s provided for the pilot and copilot. Each instrument is
the drum-pointer type with a range of -1000 feet to +50,000 feet. A radial
pointer indicates hundreds of feet. Thousands of feet are indicated by a ro-
teting drum visible through an opening in the face of the instrument. Twe cut-
outs in the face of the instrument expose additicnal drums indicating barometric
pressure in inches of mercury and in millibars. The barometric drums are posi-
tioned by a knob at the lower left cormer of the case.

The pressure sensing mechanism of the altimeter incorporates a self-balancing
dual static pressure dlaphragm system which prevides a high-torgque precision
output with minimum friction. A servo mechanism compensates for gcale and
statlic pressure errors.

Altimeter Scale Error Correctors

A scale error corrector provides a correction for scale or calibration errors
inherent in each individual altimeter. Each correction unit contains an ad-
justable cam that is rotated as a function of altitude. Scale error correcw
tions generated by cam sction are transmitted to a differential synchro which
combines the scale correction signal with a correction slgnal from the static
system error corrector. The combined signal is transmitted to the servo mech-
anism in the altimeter which applies the appropriate correction to the altitude
indicgtion,

An sutomatic spring return device within the altimeter removes all error cor-
rections in case of a power failure and a chevron appears on the altimeter disl.
The instrument continues to operate as a conventional altimeter.

With the altimeter functioning as an integral part of the KIFIS and receiving
correction signals for scale and static system errors, the total altimeter
errorg are reduced to the following:

Altitude Total Brror
{(Feet) (4 Feet)

O tererrnananan Creesranerranes 25
10,000 vevurenasnasennnen eevearaa 40
20,000 weuinenns 1o
30,000 +susennnnennsirannrannnnn cees 7O
0,000 vvmnerennn. eeannn ceeren O

NOTE: Each altimeter and its scale error corrector are calibrated as a set
and have the same seriasl number. If either unit is removed from the
alrplane, both units must be replaced with a matched set.

Oct. 23/61
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Machmeter

Two Machmeters are provided, one for the pileot and one for the copilot. Each
Machmeter gives a continuous indication of airspeed in terms of Mach number.

A differential pressure diaphragm and a static pressure diaphragm, intercon-
nected by a mechanical linkage, sense the two pressures, solve the ratio between
them mechanically and indicate the Mach number by a radial pointer moving over

a dial calibrated in percentage of Mach number. A synchro transmitter mounted
on the pointer shaft transmits a Mach signal ta the static gystem error correc-
tor, the true airspeed indicator, and the static air temperature indicator of
the KIFIS, The nechanism is compensated for variations in tempersture ranging
from -55 degrees C to +70 degrees C (-67 degrees F to 158 degrees F).

True Airgpeed Indicator

A true eirspeed indicator is located on the pilot's instrument panel. The true
airspeed is indicated by a digital display through s window in the face of the
instrument.

True sirspeed is a function of Mach number and statlc or true outside air tem-
perature. An electromechanicsl computer in the control chassis assembly com-
bines these functions to actuate the motor which operates the counters in the
instrument.

WARNING: THE TRUE AIRSFEED INDICATOR IS NOT TC BE USED BELOW 200 KNWOTS.

Static Alr Temperature Indicator

A static air temperature indicator is located in the copilot’s instrument panel.
The true outside air temperature is indicated by a radial pointer moving over

a scale with a range of =100 degrees C to +50 degrees C (-147 degrees F to 122
degrees F).

The outside air tempersture is sensed by a temperature bulb located in the
slipstream of the airplane, In flight, the temperature indicatlion would be
higher than the true static temperature due to the compression of the air
around the bulb. An electromechanical computer in the instrument applies a
Mach correction signal to the signal from the temperature bulb to provide an
accurate indication of the true alr temperature.

KIFIS Test Switches

Test switches, marked KIFIS, are located on both the pilot's and copilot's
instrument panels. These switches have TEST and NOBMAL positions. In the TEST
position, certain preset values for altitude, true airspeed, and static air
temperature will be presented on the respective instruments if they are oper-

gting properly.

VHF NAVIGATION SYSTEMS

Two VHF navigetion systems provide reception on 280 channels of all the VEHF
navigational facilities in the frequency band from 108 to 135.9 mc. These

Oct. 23/61
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facilities include localizer beam transmissions in the 108 to 111.9 mc band,
omnirange transmissions in the 112.0 to 117.9 me band, tower communications in
the 118.0 to 121.9 me band, and voilce communications in the 122.0 to 135.9 me
bank .

The upper halves of the VHF control panels on the pedestal between the pilots
control the frequency of the VHF navigation receivers. VHF navigational data
is presented on the pilot's and copllot's distance radio magnetic indicators
(DRMT) and course indicators, VHF navigation system No. 1 drives the single-
barred pointers of the distance radio magnetic indicators; No. 2 system drives
the double-barred pointers. The DRMI polinters show the magnetic bearing of
radic stations from the ajirplane. The course indilcators show the magnetic
heading of the airplane and the relative position of a VOR radial or a local-
izer beam. VHF navigation system No. 1 deflects the course bar of the pilot’s
course indicator; No. 2 system deflects the course bar of the copilot's course
indiecator.

VHF navigation system receiver sudioc is selected by the 1-VOR-2 toggle switch
on the audioc selector panel. The receivers of the two systems use common an-
tennas installed in two. horizeontal fairings on the upper part of the vertical
gtabilizer.

No. 1 system receiver, power relay, and lnstrument transformer are installied on
shelf B in the electronice compartment. No, 2 system receiver, power relay,
instrument transformer, and the common accessory unlt are installed on shelf E.
The indilcators and the selector switches are loecated on the pilots! flight in-
strument panels. Audic selector panels are installed for the pilots and for

the flight engineer, and an audio selector panel is installed in the electronics
compartment for maintenance uses.

FLIGHT DIRECTOR SYSTEM {SPERRY)

The Sperry flight director system (FDS) coordinates compass heading, vertical
gyro, pressure computer, and VHF navigational receiver signals and develops
pitch and roll command signals. These command signals are presented on the
horizon director indicators in the pilot’s and copilot's Instrument panels,

FDS command signal displays on the indicators give pilots a picture of the best
flight path as computed by the flight director system, and show the actual devi-|
gtions of the airplane in sttitude and/or Girection from the computed path.

The flight director system.(see Figure 18—3) comprises a flight director com-
puter, two instrument smplifiers, two vertical gyros, two horizon director
indicators, two course deviation indicators, and a flight director system con-
trol panel. Two radic magnetic direction indicators (RMDI'S) not part of the
flight director system, supplement FDS information to ald the pilots in main-
taining a flight plan. The pressure computer 1s part of the SP-30 autopilot
system.

The flight director computer, the instrument amplifiers, and the pressure com-
puter are installed in the electrical equipment rack at the forward left side
of the electrical compartment. The vertical gyros are located beneath the
equipment rack. One horizon director indicator (HDI) and one course deviation
indieator CII are located in the top and center rows of instruments on each

Oct. 23/61
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pilot's instrument panel. The BMDI's are located to the left of the CDI's in
the center rows of instruments. The flight director system control panel is
positioned in the lower right corner of the pilot's instrument panel.

The copilot’s BDI and CDI displays are from the output of the No. 2 VHF and
No, 2 compass systems at all times., See Figure 18-L4 for a block diagram of the
flight director system.

Course Deviation Indicator {CDI)

The course deviation indicator shows the position of the airplane in relation
to a selected VOR or localizer radial. The indlcator combines compass heading,
present heading, preset course, VOR or localizer and glide slope bearlings to

or from indications, a NAV warning flag and a power OFF flag. The indicator
hes a preset course knob and & preset heading knob in the lower left and right
corners. PFour screws secure the indicator to the instrument panel, Electrical
connections are made through receptacles on the rear of the case. The course
deviation indicator consists of the following:

Compass Card

The servo-driven compass card rotatés with changes In airplane hesding to show
magnetic heading. Synchros in the remote compass system transmit compass head-
ing signals to the indicator and position the compass card. Since the cursors,
the flags, and the course deviation bar rotate with the compass card, these
displays are presented in positions relative to the compass card.

The compass card is graduated from zerc to 360 degrees in 5-degree Increments,
Heading is read at a lubber line at the top of the indicator, .and fixed markings
are provided at 45 and 90 degrees. i

Heading Knob

The heading knob st the lower right corner of the indicator selects the heading
reference for the asutopilot and for the commend bar display in the horizon di-
rector indicator. The rectangular-shaped cursor on the compass dlal is posi-
tioned by the HDG knob to indicate the preset heading selection.

Course Knob

The course knob enables the pilot to select the desired VOR radial or the rum-

way heading for VOR or ILS operation. The course kncb sets the course munbers

into the window of the COURSE counter and positions the inverted "T" cursor teo

a corresponding position around the calibrated djal of the compass card. After
being set, the course cursor rotates with the compass dial.

The information set into the system by the course knob is used by the flight
computer snd the autopilot system to turn the airplane smoothly into the VOR
radial cor into the localizer heam for an ITS approach.

The course knob has a normal and an emergency position. The kncb when pushed

in, is in normal positicn. For the emergency position the course knob is pulied

Oct. 23/61
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out. If the compass system fails, the course knob is pulled out to its emer-
gency position. The course deviation indicator display is released from its
relationship to the compass dial, and the pilet can rotate the course deviatlion
bar to a position parallel to the vertical axis of the indlcator to continue
using the signal from the VOR localizer receiver. Thus, if the remote compass
system fails and the compass card of the course deviation indicator does not
indicate magnetic heading of the aircraft, the pilot can orient the deviation
bar to the line of flight. Deviations from course will then be relative to the
line of flight, not relative to magnetic heading.

Course Deviation Bar

The course deviation bar is actuated by a de meter movement. Radio signals
from the VHF navigation receiver deflect the course deviation bar to show the
azimithal relationship of the airplane to the selected localizer heading or VOR
radial., The course deviation bar also moves with the preset course cursor and
sssumes a position parallel to the course cursor and its reciprocal. Fixed
course deviation dots on the indicator face indicate the amount of deviation
from & selected course. The relative angle of the localizer beam or VOR radial
is shown by the angular position of the course deviation bar with respect to
the vertical centerline of the indicator. A NAV warning flag appears if the
VEF navigation receiver becomes inoperative or 1f the VOR or localizer signal
is zbegent or unreliable.

Ambiguity Flags

Two solid trisngular ambiguity flags provide to and from indications to show
the direction of the selected VOR station from the airplane. These flags are
positioned by the VHF navigation receiver. Only cne flag is vieible at a time
and 1t points in the direction of the station the receiver is tuned to. When
the flight director system is used for ILS approach or is inoperative, both
ambiguity flags are hidden.

Fixed Airplane Reference

The fixed airplane reference is a symbol located on the vertical centerline of
the indicator face., Thils reference shows the flight path of the airplane rels-
tive to the selected VOR radial or localizer beam. The mode selector intro-
duces signals that control the steering needle in the horizon director indi-
cators. When the mode selector is in OFF position the steering needle remains
out of sight.

Horizon Director Indicators (HDI)

The flight director system comprises two horizon director indicators, one for
the pilot and one for the copilot. The horizon dlrector indicator dlsplays
plteh and roll steering command signals from the flight steering computer; and
shows airplane attitude by conventional gyro horizon indications. The horizon
director indicator alsc displays a GYRQO OFF warning flag and a NAV OFF warning
flag. The horlzon gyro indicators have a pitch TRIM knob in the lower left
corner, and a STEER/DEV knob in the lower right corner, Four screws secure the
indicator to the instrument panel. FElectrical connections are made through a
receptacle on the rear of the indlcator case.

Oct. 23/61
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Attitude Sphere and Fixed Airplane Reference

The attitude sphere displays airplane plich and roll indications against a
fixed airplane reference on the indicator face. The attitude sphere, which is
free to rotate 360 degrees, is divided by a horizom line, The upper half of
the sphere is finlshed in light blue and the lower half is in black.

The attitude sphere is positiocned in piteh and roll by servo mechaniems in the
indicator, which are controlled through synchros in the vertical gyros, to show
airplane attitude, The fixed alrplane reference represents the girplane’s
attitude with reference to the horizon,

Roll Angle Presentation

A roll angle indicator at the top of the attltude sphere moves across reference
markings on the face of the indicator to show the amount of airplane roll. The
reference markings are 10-degree graduations ranging from zero to 30 degrees of
roll with merkings provided at 45 and 60 degrees of roll,

Piteh Trim Knob

The pitch trim knob in the lower left corner of the indicator trims the attitude
sphere in the pitch axis to reposition the sphere horizon line to correspond to
a sustained pitch attitude., The indicator is calibrated so the sphere can be
trimmed to an attitude from 11 degrees airplane nose up to six degrees nose down.

Steering Needle

The steering needle on the face of the indicator displays flight steering com-
puter "command"” signals. The position of the steering needle shows the pilot
at 8 glance how he must steer the airplane to maintain the flight patch calcu-
lated by the computer. The steering needle is out of view when the mode selec-
tor switch is in OFF,

Warning Flags

The horizon director indicator has a GYRO OFF warning flag and & NAV OFF warn-
ing flag. The gyro warning flag indicates gyro malfunction. The NAV warning
flag indicates a flight steering computer malfunction.

Yertical Gyros

The vertical gyros supply roll and pitch attitude signals for the flight direc-
tor system, The signals are transmitted by autosyn synchros in the gyros,

The No. 1 vertical gyro is mounted on the lower shelf left side, of the elec-
tricsl compartment. The No. 2 vertical gyro is mounted on the lower shelf just
aft of the No. 1 vertical gyro. The No, 1 vertical gyrc supplies roll attitude
signals to the pilots HDI's and flight director computer, and pitch attitude
signals to the pilot's HDI only. The No. 2 vertical gyro supplies pitch atti-
tude signals to the copilot's HDI, and provides information for the auto-pilot
system. The pilot’'s HDI may be switched to the No., 2 vertical gyro, by the
HORIZON DIRECTCR switch on the steering computer control panel.

Oct. 23/61
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Flight Birector Computer

The flight steering computer combines and converts compass hesding, vertical
gyro, and radio signals to provide roll end pitch steering signals for the steer-
ing needle of the horizon director indicatcrs. The computer receives informa-
tion from No. 1 vertical gyro or No. 2 vertical gyro via the bootstrap autosyn
in the pillot's horizon director indicator; VOR system No. 1, and selected course
and heading information from the pilot’s course deviation indieator. The com-
puter contains an ac and de power supply snd plug-in modules for computling steer-
ing command signals. The 115-volt, ac No. 3 essential bus normally supplies
electrical power to operate the computer. If the No. 3 bus fails, the load is
transferred to the pilot's essential bus. Electrical connections are made
through a receptacle mounted on the rear of the chassis.

Flight Director System Controls

A flight director system control panel is lnstalled in the bottom right corner
of the pilot's instrument panel. The following switches are located on the
panel.

Horizon Director Switch

The HORIZON DIRECTOR switch is s two-pogition covered switch marked NORMAL and

ALT. The NORMAL position provides attitude signals from No. 1 vertical gyro to
operate the horizon display of the pllot's HDI. The ALT position connects the

pilot's HDI signal source to the copilot's HDI, for use as an alternaste signal

source. The copilot's HDI RECEIVES PITCH ATTITUDE SIGNALS ONLY, FROM THE No. 2
vertical gyro.

Normal-Final Approach Switch

The NORMAL - FINAL APPROACH switch contrels the sensitivity of the horlzon
director indicator steering needle.

Magnetic Heading VOR/ILS Switch

The MAG HDG VOR/ILS switch selects either the chosen magnetic heading, or VOR/ILS
as an input to the computer. The freguency selector of the VOR receiver No., 1
serves to select elther the VOR or the ILS localizer as an input to the computer.

Back and Front Switch

A covered BACK and FRONT switech reverses the polarity of the VOR deviation input
signal to the computer and the pilots HDI's when selected to BACK, and is used
in the VOR/ILS mode only. The auto-pllot is interlocked to prevent engagement
of the VOR/ILS or (S modes, when the switch is in the BACK position., In addi-
tion, the BACK beam switch will reverse the sense of the course selectlion signal
to the steering computer. An amber light mounted above the HDI on the copilot's
instrument panel will illuminate when the "back beam" mode has been selected.

Oct. 23/61
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Compass Normal Alternate Switch

The COMPASS NORMAL cor ALT switch maey be used to seleel either No. 1 or No. 2
compass system,

FLIGHT DIRECTOR SYSTEM (HORIZON DIRECTOR INDICATORS)

The flight navigation instrument system integrates the functions of the VHF
navigation sytem, the remote compass system, the glide slope system, and the
vertical gyro. Depending upon the position of the mode selector switch, the
information from these systems is displayed on the horizon director indicators
(HDI). The HDI displays pitch and roll attitude of the airplane by a horizon
sphere positioned with respect to the vertical gyro and read against a fixed
reference on the face of the instrument. The HDI also displays steering com-
mands by a vertical roll command bar and a horizontal pitch command bar. De-
pending upon the selection made by the pilot at the mode selector switch, the
roll command bar is positioned with respect to ocutputs from the vertical gyro,
the remote compass system, or the VOR-localizer VHF navigation system, and the
pitch command bar is positioned with respect to the vertical gyro, the glide
slope system or a fixed fly-up signal for go around cperation. When the command
bars are not in use, they are posltioned ocut of wview.

Included in the flight navigation instrument system are the mode selector switch,
the flight director computer, the vertical gyro, the horizon director indicator,
and the instrument amplifier. See Figure 18-5. Figure 18-6 is a block diagram

of the system.

Horizon Director Indicator

The horizon director indicator displaye alrplane attitude in pitch and roll by
a gyro-controlled sphere. A line, which represents the earth's horizon, divides
the light upper part of the sphere from the dark lower part, and the sphere is
calibrated above and below the dividing line to Iindicate the airplane pitch
attitude. These pitch calibrations are referenced to index lines at the right
and left sides of the indicator center, The indicator face is calibrated at the
top., A triangular index on the sphere indicates airplane bank angle by these
calibrations.

Two lines across the indicator center, represent the airplane wings. These
lines can be moved up and down by rotating the knob at the lower left side of
the indicator. Positioning these lines helps the pilot to maintain s sustained
pitch attitude. After the desired rate of climb or descent 1s established, the
pilot can set the reference to the horiron line of the sphere; change from the
desired climb or descent attitude will then show as deviation of the horizon
line from the reference.

Two black flags cover the warning indications painted on the indicator mask when
proper three~phase power is supplied to the vertical gyreo, erecticn is complete,
and the correct voltage 1s supplied to the servo smplifier and the flight direc-
tor computer. Upcn power failure to the flight director computer the FD painted
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on the lower left edge of the indicator mask becomes visible due to retraction
of the black flag. Upon power failure to the servo amplifier the G painted on

the lower right edge of the indicator mask becomes visible due to retractlon of

the black flag.

A horizontal and & vertical bar move across the face of the instrument to indi-
cate steering commands., When both bars are centered on the fized center refer-
ence, steering is correct. Movement of the vertical bar left or right from the
center indicates a required roll to left or right. Movement of the horizontal
bar up or down from the center reference indicates a required change in pitch
for fly-up or fly-down. The command bars are positiconed by gyro, radle, or
magnetic compass references dependlng on the position of the mode selector
switch.,

Flight Director Computer

The flight director computer receives heading, attitude and radio information
and computes correct steering commands to position the bars of the HDI so that
the pilot may fly a desired flight path by zercing the bars., The computer func-
tiong not only to determine displacement of the airplane from the desired flight
path, but elso rate of approach or departure from the flight path. 1If the air-
plane is approaching the flight path at the correct rate, the steering command
bars will be centered even though the airplane is not yet on the correct flight
path.

or gyro information, is determined by the mode selecter switch. The mode selec~
tor switch selects the inputs for the flight director computer and the outputs
to the HDT,

The reference for the flight path, either preselected hesding, radic information, .

Mode Selector Switch

The mode selector switch is a six position rotary switch located on the engine
instrument panel. The function of each position is as follows:

SB (standby) position places a voltage on the steering command bars to position
them out of view and opens the circuit to the FD flag mask to expose the flag.

BL (blue left) position supplies glide slope information to the computer and
connects the computer integrated plteh and glide slope command output to the
pitch command bar of the HEDI. This position slso connects VOR-localizer signals
to the computer but reverses normal polarity of the deviation slgnal., BL posi-
tion is used when an approach is made to & runwasy from the opposite direction
of the normal glide path approsch which reverses polarity of deviation signals.
Qutput to the roll command bar of the HDI in this positlon is integrated VOR-
localizer information, heading, and roll rate commend signals.

F1 (flight instruments) position disconnects all radio inputs to the computer,

Computer output to the HDI 1s preselected heading Integrated with roll to the

roll command bar, and piltch attitude to the pitch command bar, Pitch attitude

indicated by the command bar is a more sensitive display than the normal pitch

attitude displayed by the horizon sphere. .

Oct.. 23/61
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YOR-10C (visual omnirange -~ localizer) position is identical to BL position
except that roll deviation slgnals are connected in normal polarity for flying
omnirange or localizer radials. In both Bl and VOR-IOC operation, if the VHF
navigation equipment is not tuned to a glide slope transmitter as in VOR opera-
tion, the glide slope bar responds to pitch information only te aid the pilot
in maintaining level flight.

AFPP (approach) posltion connect VOR-localizer, and glide slope information to
the computer. Unlike the VOR-10C position, glide slope information is not inte-
grated with pitch since during appreach the neormal attitude for the alrplane
will be ncose down. However, a pitch rate signal is integrated with glide slope
information so that the pitch command bar indicates correct rate of descent
rather than simple airplane position relative to the glide path., This position
also disconnects heading input to the computer so that the roll command bar
responds to loealizer-roll signals only.

Ga (go around) position disconnects radic input to the computer, connects head-
ing integrated with roll tc the roll command bar of the HDI, and inject a fixed
fly-up signal to displace the pitch command bar upward.

Vertical Gyro

The vertical gyro establishes roll and pitch references for the horizon indica-
tor and for the flight director computer in the flight navigation instrument
system, for the autoplilot system and for the radar system. Synchros on the roll
and pitech axes detect movement in these axes. The output signals from these
gynchros are routed to the horizon indicator roll and piltch synchres., These
signals control the position of the horizon indicator sphere, maintaining the
gphere in the position that corresponds to the vertical gyro position. The
airplane therefore pitches and rolls about the horizon indicator sphere. The
calibraticn on the sphere and on the fixed face of the indicator continuously
display the airplane attitude. The vertical gyros operate from 115-volt, single-
phase, ac power. No. 1 vertical drives the pilot’s horizen indicator, and sup-
plies vertical gyro information to the autopilot and weather radar systems.

SEARCH-WEATHER RADAR SYSTEM (RCA)

The search-weather radar gystem functions primarily to detect severe storm
areas. It also serves as an anti-collision warning device through detection of
objects in the flight path of the airplane. It may also serve as a navigational
aid of providing terrain mapping., The search-weather radar system is comprised
of an -antenna-reflector, receiver-transmitier, accessory wilt, control panel,
and an indicator scope {(see Figure 18—7).

Short high-power bursts of electrical energy are fed ito the antenna from the
transmitter and are propagated cutward in straight lines with reference to the
reflector position, When these energy impulses encounter an object of suffi-
cient density, the pulses are reflected back to the antenna. These reflected
pulses are amplified by the receiver and accessory units and are measured for
display on the indlicator-scope., The time ihterval between the transmitted and
received pulses provides the basis for distance determination.

Oct. 23/61
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Simultaneously, the direction in which the reflector is pointed causes an azi-
muth indication to apvear on the indicator scope. Since the pulses are trans-
mitted in the horizontal plane as the indicator sweep 1is rotated about its
origin, the distance of the target and its direction away from the airplane are
displayed on the indicator scope.

Receiver-Transmitter

The transmitter supplies 75 KW minimum peak power to the antenna at a frequency
of 5400 megaxycles. In addition, the transmitter supplies the accessory uanlt
with the automatic frequency-controlled received signal information. A running
time meter, a test meter, and a sgwitch with eight metering positions are in-
stalled on the front panel, The range can be set by a RANGE switch on the con-
trol panel at 20, 50 or 150 miles,

Accessory Unilt

The accessory unit contains the synchronizing, video, iso-contour, I-F, and
stabilization circuitry for the radar system. In addition, the accessory unit
provides filament. and plate power for one or both of the indicators as well as
the preamplifier and sutcmatic frequency control unit in the receiver-irang-
mitter. Two fuses, a test meter and an eight position meter selector switch
are provided on the contreol panel.

Indicator Unit

The indicator unit houses the five-inch cathode-ray tube on which target infor-
mation is displayed. The indicator also contains the final video amplifier,
yoke-rotation meéchanism, range marker lamps, and the high voltage power supply
for the cathode-ray tube, The four adjustments on the indicator front assembly
provide for RANGE MARKS, LIGHT, SWEEP, CURSOR, and INTENSITY GAIN.

Antenna~Reflector Assembly

The antenna-reflector is a lightwelight transmit-receive unit that is line-of-
sight stabilized against airplane pitch and roll, The antenna assembly con-
sists of a base assembly housing, & synchro motor and transmission, & reflector
frame, and a reflector feed dust cover on which the reflector assembly 1s
mounted. The reflector assembly consigts of the reflector, feed, matching
plates, and mounting hardware.

TERRAiN WARNING SYSTEM

The terrain warning system utilizes a radar beam transmitter-receiver and an
antenns combination to provide visual and aural warnings of terraln cbstacles.

Transmitter-Receiver Unlt

The transmitter-recelver consists of a transmlitter whose RH out-put radiates
from the antenna and a receiver which picks up reflections on the same antenna
from objects on the ground. The recelver converts the reflected signals into
a form suitable to operate the indicator lights or the aural warning device.
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Antenna

The antenna ls mounted on the bottom of the forwsrd fuselage and serves as &
receiving and transmitting unit. The body of the alrplane serves as an effec-
tive shield against upward radistion from the antenna.

Distance Selector Switch and Indicator Lights

The distance selector switeh and indicator lights are mounted at the left side
of the pilotis flight instrument panel, The selector switch is a 3=-position
switeh labeled 2000, 1000 and 500 feet, Three associated indicator lights are
labeled 2000, 1000 and 500 feet, With the switch set at any of the three posi-
tiong, the corresponding warning light will come on when the airplane comes
within the selected distance from the ground. A warning bell will sound when
cne of the warning lights illuminates.

Test Switch

The warning lights will illuminate and the warning horn will sound when the
test switch is placed in the ON position and the system is operation properly.

AUTOMATIC DIRECTION FINDING (ADF) SYSTEMS (COLLINS)

Two radio compass systems give ADF indications from radio frequency signals 1o
the range from 90 to 1800 ke. This band of frequencies inecludes transmissions
by low frequency ranges, homing beacons, and broadcast stations. The magnetic
bearing of a radio station from the airplane is indicated by the pointers on
the radioc magnetic indicators on the pilot's and ccpilot's instrument panels
when the RMDI selector switches are positioned to ADF, ™Two stations driving
the pointers of an BMDI provide a running fix of posltion.

The ADF receivers combine signals from direectlional loop antennas and non-
directional sense antennas to indicate the direction from which radio station
signals reach the airplane. The remote compass system positions the dial card
on the radioc magnetic indicator so that the pointers show the magnetic heading
to fly to reach the station tuned in on the receiver. The loop antenna can also
be controlled manually and the direction of a station ascertained by listening
for an aural null; but the aural null is smbiguous since it does not indicate
whether, for example, the station is ahead of or behind the airplane.

Reception in the relatively low frequencies covered by the ADF receivers is
nearly independent of altitude; but these fregquencies are sensitive to atmos-
pherie conditions and static, Mcodulated and unmodulated signals can be re-
ceived., ADF recelver audio reaches the headsets through the flight Interphone
system and the 1-ADF-2 toggle switches on the audio selector panels. Range
filters in the interphone system enable headset reception of range modulation
or voice signals,

Each ADF radio compass system consists of a control panel, an ADF receiver, a
loop antenna, a sense antenna, a sense antenna coupler, and two indlcators.

The control panels are located on the pedestal between the pilots, the receivers
are installed in the racks in the electronics compartment, the loop antennas

are installed on the bottom of the fuselage, and the sense antennas and antenna
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couplers form part of or are located in the dorsal fairing. The radic magnetic
indicators on the pilots' panels also receive input signals from the remote com-
pass system, Figures 18-8 and 18-9 show components and a block diagram of ADF
nevigation system No. 1.

ADF Control Panels

Two Collins control panels, located on the panel forward of the pedestal, con-
trol the ADF systems. The left panel controls the No. 1 ADF radio compass
system; the right panel controls the No. 2 ADF system.

The ADF control panels carry the following controls: gain contrel; BFO ON-OFF
toggle switch SHARP-BROAD SELECT toggle switch, three frequency selector knobs,
loop control switeh, and function control switch. The selected frequency ap-
pears in the window near the center of the control panel; snd the tuning meter
in the upper right corner of the control panel facilitates sharp tuning of the
ADF receiver.

The gain control controls the gain of the ADF receiver.

The BFO (beat freguency oscillator) control gives a beat note that enables re-
ception of CW signals and helps to tune in distant or weak stations,

The SHARF BROAD SELECT toggle switch varies the selectivity of the receiver by
selecting either a broad or a narrow bandpass filter in the receiver. If the
receiver is correctly tuned while the switeh is in SHARP position, the tuning
will be correct if the switch is actuated to BROAD position. If the recelver
is tuned with the switch in BROAD position, however, it may have to be retuned
slightly when the switch is actuated to SHARP positlon.

The three knobs in the center of the panel near the frequency window select the
frequency that appears in the window. The left knot selects the hundreds fig-
ures; the center knob selects the tens figure; and the right knob selects the
nnits figure in continuous tuning, and therefore permits sharp, accurate tuning.

The LOOP control switch at the lower left side of the centrol panel is used to
rotate the loop for all positions of the mode switch at the right side of the
panel, The LOOP control has two positions in each direction. When the switch
1s actuated toward either L or R, the loop rotates left or right slowly. When
the TOOP switch is actusted to the extreme position, the loop rotates rapidly.
The IOOP switch is used to find either null or maximum signal position, usually
mill, when the mode switch is in LOOP position; that is, when menual direction
finding is employed. When precipitation static is intense, the electrostatic-
ally shielded loop sometimes improves communications. To improve voice recep-
tion during static, the mode selector switch 1s actuated to ANT position and
the IOOP switch is used to rotate the loop to maximum receiver signal strength.

The mode selector switch at the lower right side of the panel turns the ADF
receiver on and off. ADF position of the switch sets up the system for auto-
matic direction finding indications of the direction from which the radio sig-
nal is arriving st the airplane. ANT position of the switch makes the receiver
function with the non~-directional antenna, and provides no directional indica-
tions. IDOP position of the mode selector switch mskes the receiver use only
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loop antenna signals. IOOF position of the mode switch is used for manual di-
rection finding by using headset aural null positions of the loop antenna, and
for communications when severe static conditions prevail, as described in the
preceding parsgraph,

The control panel tuning meter ailds in sccurate tuning. Best tuning is indi-
cated by maximum deflection of the meter needle to the right. This tuning
meter alsc sids in tuning weak stationg while using the BFO switch function.

Radio Magnetic Directlion Indicator

A radioc magnetic dlrection indicator is located at the right side of the center
row of instruments on each pilot's instrument panel, The radic magnetic dlree-
tion indicator consists of a rotatable compass card and two pointers. The com-
pass card is positioned by the compass to display heading information. The
single~ and double-barred pointers are positioned by the ADF receivers. The
No. 1 ADF receiver positions the single-barred pointer; the No. 2 ADF receiver
positions the double-barred pointer.

The compass card rotates with changes in airplane heading to show heading at a
lubber line at the top of the indicator. Pointer indications are therefore so
related to compass card position that the pointers show the magnetic bearing
from the airplane to the radic station tuned in on the ADF receivers.

ADF Receivers

Two Collins receivers cover the radio frequency range from 90 to 1800 ke and
provide auntomatic direction finder indicatlions on the radio magnetic indica-
tors. The operation and functions of the receiver are controlled remotely by
the control panel on the lower part of the pllots' center instrument panels.
Fregquency selection at the panel, automatically tunes the receiver. The BFO
switch is used to tune ummedulated stations or to help locate weak stations,
Maximum swing of the tuning indicator needle indicates best tuning.

ADF Loop Antennas

Two Collins flush-mounted loop antennas are installed on the bottom of the fuse-
lage sbout four to seven feet forward of the wing leading edge. The loops are
removed and replaced from thée exterior of the alrplane., Electrical commections
are made through two receptacles on the loops.

Loop rotation is automatically controlled by the recelver during automatic
direction Tinding operation. The loop can alsc be rotated by the LOOP control
knob on the control panel in the flight compartment for sural null operation.
The loop rotates rapidly when the LOCP control knob 1s turned to the extreme
pogition. The loop rotates slowly if the control knob is turned only to the
first index mark. For ADF indications loop antenna signals are combined with
sense antenna signals in the recelver, and the lcop rotates automatically
toward no-signal or null position.
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ADF Sense Antennas

Twe sections of the antenna falring between stations 899 and 1125, which are
insulated from the structure of the airplane, are sense antennas for the ADF
systems. Signal inmputs to the ADF recelvers from these sense antennas are
nearly free of directional characterlstics. Receivers combine loop and sense
antenna signale to develop the automatle direction finding function. The sense
antennas offer low input capacitance to the receivers which are designed for
high input capascitance. The sense antennas are therefore matched to the re-
ceiver inputs by antemma couplers.

The insulated metal plate of the center part of the antenna fairing is connected
to a sense antenna coupler, and the coupler supplies signal input to ADF No. 1
receiver, Similarly, the aft part of the antenna fairing serves as a sense
antenna for the ADF No, 2 receiver.

MARKER BEACON SYSTEM

The marker bescon system receives signals from 75 me marker beacon transmitters
and provides pllots with audible and indicator light indications of the exact
position of the airplane. Marker beacon statlons are located at known polnts
along glide slope paths, along the legs of range stations, and st range staticn
positions. Marker beacons radiate signals vertically in cone, fan, or bone-
shaped patterns. Z-type markers are located in the cone of silence of range
stetions to indicate that the airplene is over the station.

Outer, inner, and airways station merker signals are modulated by 400, 1300,
and 3000 cps, respectively. Frequency-discriminating circults in the airplane
recelver actlivate relays and illuminate indlcetor lights on the right side of
the pilot!s instrument penel when the airplane is over a station. A blue light
indicstes the outer marker, an smber light indicates an Inner marker, and a
white 1light indicates the airways marker., The asudlo frequency modulatlion is
avallsble at the pilot's headsets and serves to further ildentify marker loca-
tions, Outer and inner marker signals give intermittent light and audio tone
indications, and may be keyed in the Morse code to identify range station legs.
The airways marker glves a steady llght and audic tone indication.

The marker beacon systems consists of a marker beacon recelver, a marker beacon
antenna, two marker beacon panel light indicator assemblies, and a control panel.
The marker beacon system is controlled by the marker OFF-LO~HI switch and the
volume control of the ATC contrcl panel on the pedestal., Audic frequency to

the headset is selected by the MKR toggle switch on the audieo selector panel.

The QFF-I0-HI switch on the ATC panel turns the receiver on and off and controls
the sensitivity of the system to enable sharper indlcations when in a strong
signal field, as on a glide slope path approach.

The aundio frequencies of 400, 1300 and 3000 ¢ps that modulate marker beacon
transmitters are made available for headset reception and aural identification
of marker beacon stations, The MKR toggle switch on the sudlo selector panel
connects marker beacon signals to the headset. The three frequencles ldentify
outer, inner, and airways merkers, respectively. The cuter and inner markers
provide coded tone and light signalsi the airweys marker provides a continuous
tone and a steady light while the airplane 1s over the marker beacon station.
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TRANSPONDER BEACON SYSTEM

The transponder beacon system assists the ailr traffic controller in identifying
alreraft within his control area and in tracking aireraft through heavy ground
clutter and precipitation.

The transponder beacon system utilizes an interrogator unit located at the air
traffic control center and a transponder unit installed in the airplane. The
ground interrogator 1s coupled to the ajrport surveillance radar and its an-
tenna rotates in synchronism with the ASR antenna.

The three components of the transponder system are the antenns, the transponder
unit in the electrical compartment, and the ATC control panel in the flight
compartment .

LORAN NAVIGATION SYSTEM (BEdo Model 345)

IORAN is an abbreviation for Long Range Navigation. The LORAN system may be
used at ranges up to 900 miles during the day and 1400 miles at night, depending
on atmospheric conditions.

IORAN mskes use of pulsed radio signals broadeast alternately from pairs of
ground transmitting stations having fixed gecographiec locations. The station
criginating the pulse is called the MASTER while the statlon vhich transmits
after a fixed time interval is called the SILAVE. The function of the LORAN
receiver is to measure the time interval between the reception of signals from
the master and slave statlons., The elapsed time between the arrival of the two
signals will be equivalent to a measure of the difference in distance from the
transmitiing stations to the receiver. When two or more time difference read-
ings have been made from the sets of statlicons, the navigator may determine his
position by comparing his readings with those appearing on standard charts,

The signals may be received under =21l weather conditions, subject only to inter-
ference from severe electrical storms, to man-made interference, and to limita-
tions imposed by the distance of the receiver from the transmitting stations.
Under favorsble conditions, with the modern direct reading loran equipment, a
fix mey be obtained in approximately 30 seconds.

The IORAN system consists of three major units, the receiver, the control unit
and the indicator (see Figure 18-10).

DISTANCE MEASURING EQUIPMENT-TACAN (ARINC)

The two DMET systems provide distance measuring facilities. ZEach system com-
prises a recelver-transmitter, a control panel, a distance indicator, and an
antenna. (See Figure 18-11.)

The No. 1 DMET system recelver-transmitter unit is located beside the VAF No. 1
navigation recelver with whose frequency control the DMET unit is associated.
The No. 2 IMET systen receiver-transmitter is located beside the VHF No. 2
receiver,
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The control panels are located on the pilots! pedestal. The left VHF control
panel, which controls VHF No., 1 communications sytem and VHF No. 1 navigation
system, carrles a toggle switch for control of the DMET No, 1 system. This
toggle switch is marked DMET-STDBY, Similarly, the right VHF-VOR control panel
controls DMET No, 2 system simultaneously with VAF communicatlions and navigation
systems No, 2, IDMET and VHF navigation systems are associsted because they form
the airborne part of the airways VORTAC system. Selection of the VIF frequency
of an omnirange station also selects the correct Tacan channel if VORTAC facil-
ities are available., VORTAC enables & pilot to determine at ocnce his direction
and distance from an omnirange statiom.

The DMET receiver-transmitter is s transponder that interrogates a ground bea-
con., Distance in formation is obtained from beacon replies to coded interro-
gating pulses; the receiver admits only signals triggered by the transmitter
interrogations.

DMET measures the time interval between transmission of interrogating pulses
and reception of the replies and presents the information as the dlistance of
the airplane from the beacon in nautical miles. This distance is displayed in
munbers from zerc to 195 on dual indicators located at the right side of the
lower rows of instruments in the pilots! instrument panels. Readout can also
be displayed 1n a window in the BMI uniits in lieu of separate indicators. (See
Figure 18-12.)

Beacons are identified by signals in Morse code, IMET receiver audio 1s sup-
plied to headsets through toggle switches on the audio selector panels. The
switches are marked IMET-1 and IMET-Z.

Power Reguirements

The No. 1 DMET system takes electrical power from the No. 3 essential ac bus
and from the 28-~volt de essential bus. The No. 2 DMET system takes electrical
power from the No. 3 essential ac bus and from the 28-volt de essential hbus,

DOPPLER RADAR (PROVISIONS ONWLY)

Doppler radar (dopplerad) is an electronic aid to navigation. It assists the
pilots and navigator/radio operator by presenting ground speed and actual track
information on an indicator. The dopplerad antenna radiates bursts of high
power energy toward the ground. Part of this energy is reflected back into

the antenna. Through receiver circuitry an apparent change in frequency is
interpolated to give drift angle and ground speed. Figure 1 shows a block dia-
gram of the doppler radar system with comnections from the doppler navigation
computer. This computer incorporates signals from other flight navigation sys-
tems to present the pilots & conbined picture of actusl airplane progress and
speed, The system also works over water where no land marks are visible to
navigate by.

Except for the antenna the doppler system is not installed but all wiring and
mounting provisions are in the airplane.
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REMOTE COMPASS SYSTEMS

The primary function of the remote compass system is to sense and display mag-
netic heading. The sensor for the system is a flux valve mounted in the air-
plane wing tip, and the display component is a radlo umagnetic direction indica-
tor (RMDI) counted on the pilots' instrument panel. A course devation indicator
(CDI) mounted on the pilots' instrument panel provides a secondary display. A&
directional gyro stabilizes flux valve information to damp transient output
variations and oscillation.

A secondary function of the system is to supply gyro heading reference when
magnetic heading reference becomes unreliable or unusable, In high latitudes,
values for veriation become extreme and magnetic heading changes rapidly as the
airplane progresses along its flight path. 1In these conditions the operator
mey select free gyro mode in which heading is referenced to the stable gyro spin
axis. The indicators then display gyro heading which may be related to an arbi-
trary grid imposed over charts of the flight area.

Each compass system includes a flux valve and compenstor, directlonal gyro (DG},
RMDI, CDI, and integrated flight and navigation instrument amplifier rack, and
a compass mode selector switch. The flux valve for each system is located in
the right wing tip. The amplifier racks are located in the electrical compart-
ment. The compass mode selector switch 1s on the flight director system con-
trol penel. The indicating instruments are located on the pilots' instrument
panels. The directional gyro 1s located in the autopilot compartment. (See
figure 18-12).

Operation (Slaved Gyro Operation)

The directional gyro establishes gyro heading and transmits this information by
neans of & servo loop to the RMDI. {See Figure 18-13.) A gear train in the
RMDT wmechanically positions the rotor of a servo mechanism on the basis of gyro
heading. Magnetic heading sensed by the flux valve is applied to the stator of
the stator of the servo mechanism positioned to gyro heading. Null for this
gervo mechanism exists when gyro heading is equal to magnetic heading. The RMDI
gear train positions the compass card of the RMDI and when the card is read
against the fixed lubber line the reading is gyro heading or, when the servo
mechanism is at null, gyro heading is egual to magnetic heading and the reading
iz magnetic heading, When gyro heading is different from megnetic heading, the
servo mechanism on the RMDI gear train will not be at null and will transmit an
error output. This cutput is amplified and applied to a torquer moter in the
directional gyro. The torquer motor precesses the gyro in a directlon to cancel
the error between gyro heading and magnetic heading. As the gyro is precessed,
the gyro heading servo output from the gyro causes the RMDI followup gear train
to drive the servo mechanism toward null, and when gyro heading is equal to
magnetic heading, the torquing signal cocllapses and the loop comes to rest.
Except to cancel relatively smell errors caused by gyro drift, once this align-
ment is established, further correction is unnecessary even through the airplane
heading changes since the gyro will meintain a fixed directionsl relationship
between its spin axis and the earth's lines of magnetic flux,
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If a torquing signal from the servo mechanism in the RMDI exists, the compass
card is not indicating accurate magnetic heading. The torquing signal is ap-
plied to an annunciator on the face of the RMDI to inform the pilot that an
error exists and in which direction. The pilot may then manually synchronize
the BMDI gear train by the synchronizing knob on the RMDI. Rotating the syn-
chronlzing knob in the direction indicated by the annunecistor advances the RMDT
gegr train through a mechanicsl differential to override the serve motor which
normally dirves the gear train, The pilot uses the synchronizing knob at the
start of operation to reduce the time it would normally Lake for the gyro Lo
precess to the correct position.

The RMDI gear train positions three transmitting servomechanisms to supply
magnetic or gyro heading to other equipment. Qubtput of the pilot's RMDI is
used to position the compass card of the copilot's (DI and to supply magnetic
heading to the VHF navigation system. Output from the copilot’s BEMDT is used
to posltion the compass card on the pilot's CDI and to supply magnetic heading
information to the pilet's CDI to be used to generate heading and course error
gsignals for the autopilot snd flight director systems.

Free Gyro Operation

In free gyro operstion the slaving torquer amplifier is deenergized and the
torquer motor is dissbled. The gyro then meintains a fixed position in the
horizontal plene and the RMDI displays gyro heading without reference to the
earth's megnetic field, The pilot may choose any arbltrary heading reference
by menually positioning the RMDI gear train and display with the synchronizing
knob.

Flux Valve

The thin type flux valve detects the direction of the horilzontal component of
the earth's magnetic flux with respect to the longitudinsl axis of the airplane,
Bingle phase voltage of 115-volts ac, 400 cps is supplied to the flux valve,

The output windings of the flux valve are wye-counnected and provide an output
gignal voltage of 800 cps. This signal voltage is compared in the RMDI with
the heading shown on the card, and s signal indicating direction of error is
sent to the slaving amplifier which activates the directional gyro and servo
loop to rotate the compass card of the compass indicator and show magnetic head-
ing of the airplane., The flux valve magnetic detector unit ls mounted in damp-
ing fluid and is kept level by gravity within 30-degree limits, The flux valve
has a graduated scale (10) on the case aft mounting flsnge, Electrical con-
nections are made through cable connectors. Both flux valve units are located
in the right wing tip.

A magnetic coumpensator wmounted on the top of the unit forms part of the flux
valve., The compensator provides compensation for the magnetic influence of
the alrplane on the flux valve. Four adjusting screws on the compensator per-
mit independent north-south and east-west compensation. The forward flux valve
is in the pilot's remote compass system, the aft flux valve in the copilot's-
remote compass system,
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Directional Gyro

The electrically-driven directional gyro is mounted on an inner and an outer
gimbal. The outer gimbal allows full 360 degree rotation of the gyro in azi-
muth. Longitudinal tipping of the gyro within the inner gimbal is limited to
85 degrees. A liguild level switch controls current to a torguing motor that
maintains the gyro level within plus or minus one degree. The directional
gyros for both remote compass systems are located beneath the electronic equip-
ment rack in the forward left side of the electricsl compasrtment. Electrical
connections to the gyros are made through two electrical receptacles on each
unit. The gyros are driven by 115-volt 400-cps ac electrical power.

Slaved gyro mode of operation places the directional gyro under the control of
the flux valve. Amplified flux valve signals activate the gyro torquing motor
and ceuse the gyro to rotate in azimuth until the compass card reaches the
correct magnetic heading.

Free-gyro mode of operation uses the characteristic of rigidity of the gyro to
provide a headlng reference; the random drift rate of the gyro is low. After
the gyrc erects 1t mey be set to a desired heading by & magnetic compsss or
other reference, and theresfter mainteins a steble heading reference. The
directional gyro positions the compass card of the RMDI; the card can be ro-
tated by any heading by turning the upper right knob on the instrument.

The flux valve and the directional gyro are synchronized when the heading dis-
played by the compass card corresponds to the heading sensed by the flux valve.
This synchronization is shown on the annunciator on the compass indicator., In
flight the annunciator shows a dot or cross alternately bhecause of small vewing
movements of the alrplane., If either the dot or the cross remalns in the annun-
cimtor, the system is not synchronized and the compass card indication is in
error, Slaving circuits operate all the time in slaved mode to bring the direc-
tional gyro to the magnetic heading of the flux valve, If the compass systenm

is far out of synchronization the system can he synchronlzed at & higher than
normal rate by turning the upper right knob of the RMDI toward the dot or toward
the cross, whichever appears in the annuncistor,

Remote Compess Mode Selector Switch

A selector switch to show either NORMAL or ALT position 1s mounted on the flight
director system control panel located in the bottom right corner of the pilet's
instrument penel. When the switch 1s in the NORMAL position, the pilot's CDI
receives heading information from the copilot's remote compass system. When the
switeh is in the ALT position, the pilot's CDI receives heading information from
the pilot's remote compass system. The copllot's CDI always receives heading
from the pilot's remote compass system,

Radio Magnetic Direction Indicefor

The radio magnetic direction indicators are located on the pilot's and copilot's
instrument panels. The RMDI has a calibrated rotatable compass card, two
pointers, twe selector switches, a control kneb to allow rapid manual alignment
of the card on start-up, & power failure flag and an annunciator,
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The two pointers on the indicstor are driven by the output signals of either
the VHF (VOR) or ADF receivers, depending upon the position of the ADF-VCR
selector knobs. The single-barred pointer receives information from ADF No. 1
or VOR No. 1 and the double-barred pointer receives information from ADF No. 2
or VOR No. 2. The pointers show the magnetic bearing of the ADF or VHF statlons
to which the receivers are tuned.

An annunciator to the upper left side of the indlcator shows 1if the compass
system is synchronized while operating with the compass mode selector switceh

in NORMAL position. A dot or cross shows in the annunciator if the compass
system is not synchronized. In slaved mode, the system slowly synchronizes
automatically, synchronization being indicated when the dot or cross alter-
nately appear in the annunclator. When the airplane is stationary on the ground
and the system i1s aligned, the annunciator will be blank,

The upper right knob on the indicator is éngraved with two arrows, a dot and
cross, The knob can be used to accelerate synchronization, Steady appearance
of the dot or cross in the annuncistor signifies that the compass card heading
is not the correct magnetic heading. If the pilot desires to synchronize the
compass system rapidly, the knob is turned in the dirsction of the dot or cross
that appears in the snmunciator. BSee Figure 4 for illustration of the RMDI,

Course Deviation Indicator

The course deviation indicators are located on the pilot's and copilot's flight
instrument panels. The CDI used remote compass information in its displays of
flight informstion, and is a repeater for the RMDI., This indicator, however,
is primarily utilized in the flight director system.

Integrated Flight and Navigation Instrument Amplifler Racks

The flight and navigetion instrument amplifier racks for each remote compass
system are located in the electronic equipment rack at the forward left side

of the electrical compartment. Each rack includes interconnections for five
plug-in modules, four serve amplifiers and a slaving amplifiler. The two racks
are identical and interchangeable. The slaving amplifier provides the annun-
ciator signal that appears on the RMDI, and slaves the directional gyro to flux
valve signals. The amplifiers are fully transistorized units,

GLIDE SLOPE SYSTEMS

The glide slope systems provide reception of redio facilities of instrument
landing systems (ILS) in the frequency range of 329.3 through 335.0 me. Glide
slope frequencies are paired with localizer frequencies; and the correct glide
slope frequency is avtomatically selected when the localizer frequency is
selected.
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Two complete identical glide slope receiver systems are installed in the air-
plane. These receivers are electrically intercomnnected with the VHF navigation
systemsg so that selection of a localizer frequency on the VHF receiver switches
on the glide slope recelver and prepares it for operation on the corresponding
glide slope freguency. No, 1 VHF navigation control panel switches on No, 1
glide slope receiver; No. 2 VHF navigation control panel switches on No. 2 glide
slope receiver. Figure 18-14 shows a block diagrem of glide slope system No. 1.

Glide slope transmitters, located near touchdown point of runways, transmit
beams on the selected angle of descent., The upper part of the beam is modulated
by 90 cps, the lower part of the beam is 150 c¢ps. The position of the airplane
along the beam is visually indicated on the course deviation indicator by the
horizontal bar., If the airplane is too high on approach, 90 cps modulstion
predominates, and the horizontal bar is displaced downward to indicate to the
pilot that he should lose altitude, If the airplane is tooc low on approsch,

150 cps modulation predominates, and the indicator bar is displaced upward. In
the center of the beam the Indicator bear remains centered to show that a cor-
rect rate of descent 1s being maintained,

Glide slope No., 1 receiver output connects into the autopilot system. In auto-
matic glide slope mode of operation the autopileot turns the sirplane into the
glide slope and guides the airplane at the correct rate of descent along the
glide slope heamn,

Contronl Panels

The control panels for the VHF navigation systems control the operation of the
glide slope systems. No. 1 glide slope system is linked to the No, 1 VHF navi-
gation system, and No. 2 glide slope system is linked to No., 2 VHF navigation
system., Selection of a localizer freguency on a VIOF navigation receiver selects
. the corresponding paired glide slope frequency on the glide slope receiver and
switches on electrical power for the glide slope receiver. Glide slope re-
ceivers receive electrical power only when the VHF navigation recelvers are
tuned to localizer frequencies,

Antenna

The Collins glide slope antenna is installed on the forward side of the bulk-
head in the radome sbove the radar antenns. The antenna coaxial cable is con-
nected to a fitting on the aft side of the bulkhead. Both glide slope receivers
connect to and use this antenna by means of a tee-fitting,

MAGNETIC COMPASS

A standby magnetic compsss is provided in the glare shield above the pilot's
instrument panel. The compass 1s stowed in the glare shield when not in use.
To use the instrument, it is lifted into the line of vision above the glare
shield.

Oct, 23/61
18-38 K




ESSENTIAL AC RADIO ©C

I
L _((7\0_115\;400»-@:
= 5A e e — = = = = — —

|
ESSENTIAL DC RADIO

NO. 2 NORMAL
DC RADIO

NO. 2 NORMAL
AC RADIO #C

30.02.34.043

Oct. 23/61
K

CONVAIR MODEL e

OPERATION MANUAL

PANEL
LIGHT YHEIVOR PICTORIAL
DIMMING — — — T T —] NO. 1 CONTROL —| DeviaTioN
CONTROL FANE: | INDICATOR
|
1 | 7
| |
' |
: I
| .
—— -
GLIDE INSTRUMENT | ;'EJI;I?:D?IM
[FEESE SLOPE NO. 1 | JuncrioN 1
RECEIVE PAMNEL (INSTRUMENT
: (S . AMPLIFIER)
I virnay  F— —
| NO. 1 : T |
|  POWER 3
RELAY |
I
b s}
AUTOPILOT
» NAV NO. 1 RECEIVER
(GLIDE SLOPE “ON")
GLIDE
SLOPE
ANTENNA
» NAV NO. 2 RECEIVER
(GLIDE SLOPE “ON")
FLIGHT NAVIGATION
F=====n
L y
| POWER Fe=t==q
RELAY I I
' l_ TN TO-FROM
L J GLIDE | INSTRUMENT | i
- - SLOPE NO. 2 { JUNCTION |
RECEIVER PAMEL (INSTRUMENT
A | by AMPLIFIER)
SR
4 |
I |
| |
I I
l I v
|
PANEL |
VHE/VOR
LIGHT
DG ~ = = = > No.2 conTrol Lo SR,
CONTROL L INDICATOR
Glide Slope System - Block Diagram
Figure 18-1k4 18-39




CONVAIR MODEL EBF-’p-

OPERATION MANUAL

The standby compass indicates the heading of the airplane with reference to
magnetic north, The compass card is graduated in 5-degree increments and num-
bered every 30 degrees. Damping fluid surrounds the compass card assembly to
reduce oscillations and & small light illuminates the card. The light is
turned on by a switch on the copilot's flight instrument panel.

The compass 1ls compensated for deviation by adjusting a pair of permanent mag-
nets loeated in the compass compensator below the compass bowl. The compass
correction card showing the deviation remeining after the compasss has been com-
pensated is instselled sbove the compass dial.

TURN AND SLIP INDICATOR

The turn end slip indicator is a combination of two lnstruments, a turn indi-
cator and a laterally mounted inclinometer, The turn indicator consists of an
electric-driven gyro and a pointer which Indicates the direction and the rate
at which the heading of the airplane is changing.

The inclinometer consists of a black ball free to move from side to side in a
curved glass tube filled with a damping liquid. The position of the ball indi-
cates the net result of the lateral forces scting on the alrplane, When the
ball is centered, the airplane is in perfect lateral balance. When the ball is
displaced from center, the lateral forces are unbalanced and the airplane will
glip or slide in the direction in which the ball is displaced from center.

RATE OF CLIMB INDICATORS

A rate of ¢liwb indicator is installed in the center row of instruments of the
pilot's and copilot's instrument panels, The rate of climb indicator shows

the rate at which the airplane is changing altitude. The scale is calibrated
in thousands of feet per minute, from zero to six thousand fpm, The upper half
of the dial registers ascent, the lower half descent. The rest position of the
indicator pointer is horizontal.

Static pressure from the static pressure system ls admitted to the interior of
a bellows housed in a case to which static pressure is admitted through & capil-
lary tube of controlled leskage. When the airplane changes altitude, the pres-
sure inside the case changes more slowly than the pressure inside the bellows,
since air leaks into and out of the case slowly. The pointer, which is linked
to the bellows, is deflected from zero position as long as a pressure differen-
tial exists between the interior of the bellows and the interior of the case.

The dial is illuminated by & penal light; brilliance is controlled by the in-
strument lighting rheostat on the copilot's instrument panel.

ELECTRICAL POWER SOURCES

For detailed informstion coneerning the power sources for the flight and navi-
gation instruments, consult the WIRING DILAGRAM MANUAL.
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RADTO AND COMMUNICATION SYSTEMS

GENERAL RADIO AND COMMUNICATION SYSTEMS

The communication and radio systems include two HF systems, two VHF systems, a
public address system, a flight and service interphone system, an airborns tape
reproducer, dusl ATC transponder beacons and a dual SELCAL system.

Recelvers, transmitters and audic amplifiers are installed on shock-mounted
shelves in the electronics compartment located below the flight deck flocor,
This compartment is accessible during flight emergencies through a door in the
floor of the forward coat closet.

Controls for the radio communication systems are located on the pileot's and co-
pilot's consoles, on the forward and aft areas of the pilots’' pedestal, on the
pilot's overhead switch panel and at the flight engineer’s station. Interphone
and public address system controls are located in the flight compartment and in
the passenger cabin. Jacks and Jackboxes for service interphone communication
are provided in the flight compartment, electronics compartment, wheel wells,
and in the engine pods and otner service areas of the airplane.

RADTO POWER CONTROL PANEL

Two ac and twe de airplane electrical buses supply pover to the radio communi-
cation and navigation systems. Electric power from these buses is controlled
by two ON-OFF toggle switches in the RADIO POWER panel located on the pilots!
overhead switch panel. (The flight and service intérphone systems and the P.A.
system operate without benefit of switches.)

The NORMAL switch connects the No. 3 essentisl ac and the 28-volt de essential
buses of the electrical system of the ajirplane to the No. 1 and No, 2 normal ac
and de radio buses,

The ESSENTIAL switch connects the pilot’s ac essential and the dc emergency
buses of the electrical system to the essential ac and dc radic buses. The
ESSENTIAL switch can be overridden by two circult breakers in the main c¢ircult
breaker panel in the flight compartment.

AUDIO SELECTOR PANELS

Five Gables G-605 audio selector panels select radio receiver, interphone, and
microphone audio. Fach panel incorporates five pushbutton microphone selector
switches, eleven toggle audio selector switches, an ADF filter selector switch,
an emergency switch, a master volume control, two lights which illuminate to
indicate microphone switch selection, and lights for panel illumination. A
transistorized isolation amplifier plugs into the back of the panel., The iscla-
tion amplifier permits the selection of one or more audio sources at any panel
without interfering with or reducing the level at any of the other four panels.
If the isolation amplifier malfunctions, any audio ocutput channel can be heard
by moving the EMER-NORMAL selector switch to the EMER position. This switch
sction by-passes the isglation amplifier. With the switch in the EMER position,
the operator should select only one sudic source at a time.

Oct. 23/61
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The pushbutton microphone selector switches connect the microphones to the VHF,
HF, or interphone systems. Actuating a microphone selector switch connects
that microphone to a system, illuminates the PB LITES, and releases any pre-
viously engaged microphone switches.

With the FILTFR switch actusted, a range filter is swltched into the ADF audio
output circult.

The SPKR toggle switch on the pllot's and copilot’s console panels switches
headset audio into the spesker amplifier, énabling the pilot to communicate on
interphone or radio without wearing @& headset. The corresponding gpeaker 1s
mited when the pilot or copilot keys his microphone.

Microphone Jack Panels

A Gables G-942 microphone jack panel is installed at each of the four flight
compartment stations. Each panel incorporates jacks for connecting a hand-held
microphone, a mask microphone, -a boom microphone, eand a headset to the associ-
ated audio selector panel. When the mlcrophones are properly connected to the
jack panel and any one of the filve mierophone selector switches on the audio
panel is actusted, the output of mask, boom, or hand microphone is routed 10
the system selected; no further selection is necessary. Each microphone is
keyed by sctuating its press-to-talk switch or the yoke control switch. Fach
mlcrophone panel uses transistor preamplifiers for the boom and mask microphones.

RADIO COMMUNICATION SYSTEMS

The airplane is equipped with two VHF and two HF radlo communication systems.
The VHF systems provide static-free reception with range limited to line-of-
sight. The HF systems provide long range operation in the 2 to 25 me. radioc
spectrum,

VHF Communication Systems

Two separate VHF communication systems provide two-way, statlc-free communicsg-
tion with FAA and company radio statlons. Each system includes & crystal-
controlled transmitter and a receiver combination designed to opersate in 360
channels between 118.0 and 135.95 mc.

The VHF systems are designated VHF-1 and VHF-2. Recelver audioc output is
selected by the two VHF toggle switches on the audio selector panels. The
microphones can be connected to either system by the MIC BEL switches.

Each VHF system includes a receiver, transmitter, remote control panel, power
relay, and an antenna.

The VHF-1 system ig connected to & blade antenna installed on the underside of
the forward fuselage; the VAF-2 system is connected to a flush antenna in the
dorsal fairing on the top of the fuselage. The remote control panel is in-
stalled on the pilots! pedestal.

The VHF-1 receiver and transmitter are designed to operate in either a single-
channel or double-channel mode. In double-channel operation, the transmitter
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cperates on & frequency six me above that of the recelver. During double-
channel operation, the receiver is tuned to the selectsd frequency and the
transmitter adjusts automatically to a frequency six me higher. Double-channel
operation is limited to receiver frequencies from 118.0 to 120.95 mc, and from
127.0 to 129.95% me.

VHF Control Panels

A contrcl panel is provided for each VHF communicatlon system. The controls
for the VHF-1 communication and the VOR-1 navigatlon systems are combined in a
single panel. An identical penel contains the controls for the VHF/VOR-2 Com-
munication and navigation system. A white 1line through the center of the panel
separates the two functions. Both panels are installed on the pilots!' pedestal.

The controls for each VHF communication system are located on the upper half of
the control panels. The control knobs are white and the frequency window is
marked VEF. The selector knob at the left rotates an 18-position switch for
selecting the whole numbers in the frequency range from 118 to 135 me, The
knob at the right controls a 10-position switch for selecting the decimal set-
tings from 0.0 to 0.9, Thig arrangement provides for tuning each radio set to
180 different frequencies spaced 100 ke apart in the band between 118.0 and

135.9 me.

A toggle switch labeled DC-5C is located adjacent to the left selector knob.
This switch iz used to select the double-channel or single-channel mode of
operation. A small SENS knob mounted on the top of the left selector knob
governs the sensitivity of the recelver.

HF Communication Systems

Two high frequency communication systems provide voice communication in the
frequency range from 2 to 25 me. These systems enable relatively long-range
communication, not being limited by line-of-sight characteristics as is VHF
equipment. Communications in the high frequency range, however, are sensitive
to atmospheric disturbance and rain static. PBoth systems use the same fin tip
antenna for sending and receiving.

A HF communication system comprises a contrel panel that selects transmitter
and receiver irequencies simultanecusly, a transmitter-receiver, two power re-
lays, two antenna relays, two antenna coupling controls, an antenna coupling
assenbly, and a high frequency communications antenna. BSince both systems use
the same antenns, simultanecus operation is not possible. The control panel is
installed on the right forward side of the pedestal between the pilots. The
transceiver unit and the power and antenna relays are installed in the electron-
ics compartment and the coupler controls in the aft section of the airplane.

Pugh-to-Talk Micropheone Switches

Thumb-cperated push-to-talk swiiches on the afl cutboard horn of each control
wheel are provided for radic or interphone communication. A push-to-talk
switch is located on the flight engineer's microphone selector panel,

Oct. 23/61
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SELECTIVE CALIING SYSTEM

The SEICATL control panel is located on the pilots' pedestal anc contains two
receiver selector switches and a flashing light assoclated with each switch,
The switches, marked VHF-1, VHF-2, HF-1 and HF-2, are used to connect the audio
output of any two communications receivers to two detector channels in the
SEICAL unit. When the airplane is being called on the frequency of one of the
selected radio receivers, the corresponding light will flash and & chime will
sound. Before answering the call, the pilot can activate a reset switch to ex-
tinguish the light and silence the chime by depressing the light. The system
is then ready for the next call,

SEICAL Airborne Unit

The SEICAL sirborne unit consists of two decoder channels enclosed in a metal
case mounted on the aft bulkhead in the flight compartment. Removing the cover
plate exposes eight selector knobs on the front panel of the case, & set of
four knobs for each channel. Each knob rotates through 12 lettersd positions
from A to M omitting the letter I. The code call for each channel is preset

by positicning the selector knobs to correspond to the code assigned to the
airplane, starting at the upper left corner of each set of knobs.

The radio receivers receive SEICAL tone signals from ground stations and relay
the signals to the decoders of the SELCAL unit. If a coded tone signal is re-
ceived which corresponds to the code set in one of the decoders of the airborne
SELCAL unit, the corresponding light and chime circuits will be ensrgized and
the pilots alerted to the incoming call. Fach preset decoder channel will
respond to only one of 1438 possible tone codes.

The SEICAL chime is mounted in the overhesd of the flight compariment adjacent

+to the interphone chime., Each chime is distingulshed from the other by a dif-
ferent distinctive tome.

INTERPHONE SYSTEM

An interphone system ig provided for communication between crew menbers during
flight and between members of the ground crew when the airplane is being ser-
viced. Interphone commmication is possible from each flight crew station, the
fore and aft cabin attendants' stations, the electronics compartment, the nose
wheel well, and the principal peints in and around the airplane (see Figure
19-1). The crew can converse with one another using the same microphones and
audlo equipment as used for radio transmitting and receiving. The  cabin attend-
ants' stations sare equipped with handsets., The service interphone locations

are provided with jackboxes for plugging in headsets and microphones or handset
copbinations.

The interphone system is connected to the emergency dc radio bus and is turned
on whenever there is de availsble at the airplane emergency bus., Communications
are established at the pilot's, copilot’s and flight engineer's stations and in
the electronics compartment through the switches on the audio selector ranel at
each station. The audio is turned on by placing the INT toggle switch in the
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ON position; the microphone is connected to the system by rotating the MIC SEL
switch on the audic selector panel to the INT positicn. The remaining stations
are connected automatically when the communications equipment is plugged in.

The interphone system can be operated in either a flight or service mode. The
operating mode 1s selected by a 2-position ON-OFF toggle switch on the flight

engineer's interphone microphone selector panel.

Interphone Flight Mode

In the flight mode, only the pilot's, copilot's, and flight engineer's stations
and the cutlets in the =lectronics and left aft lavatory compartments are con-
nected in the system. The system is placed in the flight mode by placing the
flight engineer's service interphone switch in the OFF position.

The electronics outlet is used when chliecking the electronics equipment either
in flight or on the ground. This mode of operation is normally used in flight
for communication among the members of the crew including the cabin attendants,

Interphone Service Mode

The service mode of operation enables the ground crew to communicate with each
other from widely separated areas around and in the airplane. When the flight
engineer's service interphone switch is placed in the ON positionm, all of the
outlets in the system are interconnected. Communications are established at
the service outlets by plugging in a microphone and headset or & handset unit.

Interphone Call System

A call system is provided to notify the flight crew and the cabin ettendants
when they are wanted on the interphone system. A pilot call combination light
and switch is installed on each cabin attendant's panel. When the switch is
depressed, a light will glow and & chime will sound in the cockpit indicating
a call from one of the cabin attendants, A 3STEW call switch is installed 1in
the pilots! overhead switch panel. When this switch 1s depressed, a light
glows on each cabin attendant's panel and the cabin chimes sound, indicating

a call from the flight compartment. These lights remain on until a cabin
attendant removes a handset from 1ts cradle at either control panel.

Handsets

Three handsets are provided; one in the flight compartment mounted on the aft
side of the pilots' pedestal and one at each attendant's station in the cabin.

PUBLIC ADDRESS SYSTEM

The public address {PA)} system enables the pilots and cabin attendants to ad-
dress the passengers over the loudspeaker system. Magnetic tape recordings can
be played through the public address system amplifier.

Oct. 23/61
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The PA system consists of a pilot's handset and contrel panel installation,
Porward and aft cabin handset and control panel lnstallations, a priority relay,
a high fidelity public address amplifier, and 22 loudspeskers installed in the
hatracks in the cabin.

Pilots!' voice communlcations have priority over music and voice announcements
from either of the cabin control positions. The forward cabin control positlon
has priority over music and volce announcements from the aft cabin control
position. The aft cabin control position has priority over music for maeking
voice anncuncements,

Public Address Control Panels

A PA control panel is provided for the pllots and each of the two cabin attend-
ants. Fach panel carries a vu-meter, volume controls, and call indicator
lights. The panels aré edge-lighted by lamps in the panels.

The pilots' control panel is installed on the left aft part of the control
pedestal. This panel has a volume control switch for microphone sudio only.
An amber light PUSH PA switch connects the pillot's handset with the public
address system. Communications from the pilot interruypt cabin music and voice
communications being made from either of the cabin PA positions,

The forward cabin PA control panel is imstalled in the forward buffet area.
This panel contains a MUSIC ON-OFF switch and the volume control for adjusting
the level of music in the cabin, A voice volume control adjusts the audio
level for voice annocuncements. PILOT CAIL and HOSTE3S CALL warning lights in-
dicate when the position is being paged by another position. The call light
will extinguish automatically when the handset is removed from the cradle.

The aft cabin PA control panel is installed in the aft buffet area. This con~-
trol panel contains a volume control for handset voice announcements, PILOT
CALL and HOSTESS CALL warning lights, and a PUSH PA control switch.

Public Address Handsets

A handset is installed at each control panel., The handset is normally connected
to the interphone system, To talk over the PA gystem, the operstor must depress
the amber light PUSH PA switch on the PA control panel. The amber light will
illuminate indicating that the handset is connected to the PA system. When the
handset is restored to the holder, the handset is automatically returned to the
interphone system.

PASSENGER CALL SYSTEM

Pushbutton switches and light assemblies instalied near the passenger seats
and in the lavatories ensble the passengers to call the cabin attendants. A
call by a passenger illuminates a light near the passenger area, call lights
on the forward and aft cabin attendants' panels, and sounds a chime in the
cabin ceiling near each buffet aresa.

Oct. 23/61
K 19-7




CONVAIR MODEL. 3:.>

OPERATION MANUAL

Forward and aft cabin attendant's light panels are identical. Passéenger call
lights are grouped by rows of seats, Three lights indicate the general area
in which the calling passenger is seated. Two lights indicate calls from the
forward and aft lavatories. One light signals a call from the flight compart-
ment and one light indicates a call from either cabin attendasnt's position to
the other cabin attendant.

Each light is part of a switch assembly. Pulling the light extinguishes it and
resets the system for ancther call, Cabin light contrcol panels are intercon-
nected so that resetting a light at one panel resets the other panel.

TAPE REPRODUCER SYSTEM

The tape reproducer system reproduces prerecorded music over the public address
system for the entertainment of passengers. Operation of the tape reproducer
and the listening level of music in the cabin are controlled remotely by an ON-
OFF switch and a volume control on the public address control panel of the
forward stewardess.

EIECTRICAL POWER SOURCES

The radio and communications eguipment receives electrical power from four ac
and four de radic buses., AC power is supplied to the ac radio buses by the No.
3 essential ac bus and the pilot's ac essential bus of the electrical system of
the airplane. DC power 1s provided for the dc radio buses by the 28-volt de
essential and 28-volt de emergency buses. For detailed information, consult
the WIRING DIAGRAM MANUAL.
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ATRPLANE LIGHTING SYSTEM

The airplane lighting systew includes all the necessary lights for flight crew
members, passengers and malntenance perscnnel, and airplane navigation require-
ments. Tne lighting systems are divided into four subsystems:

Flight compartment lights.

Passenger and lounge compartment lights.
Lavatory and buffet area lights.

Cargo and miscellanecus compartment Lights.
Exterior airplane lights.

T L R

Alternating and direct current power sources are used for the vsrious subsys-
tems. Circuit breakers are provided to protect each individual light circuit
from any electrical overleoad condition that may occur.

FLIGHT COMPARTMENT LIGHTS

Two dome lights are located in the flight compartment ceiling aft of the pi-
lots! overhead switch panel. Each dome light has a red and white bulb. A
three position COMPT LT, RED-CFF-WHITE, toggle switch on the overhsad switch
panel controls the lights. A pushbutton thunderstorm switch is mounted 1n each
pilotis control wheel. When pressed, these switches will illuminate the white
dome lights regerdless of the position of the toggle switch. When the thunder-
storm switches are released, the dome lights will return t¢ the illumination
mods called for by the toggle switch position.

Instrument Panel Lights

The pilots' instrument panel is 1lluminated by sixteen red and fwelve white
floodlights mounted in the glare shield above the instrument panel. Three high
intensity white fluorescent floodlights, located in the glare shield provide
additional instrument panel illumingtion., Eleven of the sixteen red lights 1l-
Juminate the pilot's flight instrument panel and the engine instrument panel.
The eleven red lights are econtrolled by a rheostat type PILOT PANEL RED LIGHT
switeh located on the pilotis conscle. The remaining five red lights illumi-
nate the copilot’s flight instrument panel and are controlled by a rhecstat
type CO-PILOT FANEL RED LIGHT switch located on the copilotis flight instru-
ment panel. The twelve white floodlights in the glare shield are controlled
by a rheostat type PANEL WHITE LIGHT switch located on the pilot's flight in-
strument panel. This switch also illuminates the high intensity white fluor-
escent floodlights when rotated to the full BRT position.

Instrament Panel Integral Lights

On some versions of the Model 990 airplane, all instruments on the pilots'
flight instrument panel, the emergency airbrakes pressure gage on the pilot's
auxiliary instrument panel, the engine instrument panel, and the copilot's
flight instrument pznel are equipped with Integral red lights. Thesa lights
are divided into three subpanel circuits -- the pilot's flight Instrument
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panel circuilt (the emergency airbrake pressure gage light is electrically con-
nected to the pilot's flight instrument panel lighting circuit), the engine
instrument panel lighting circuit and the copilot's flight instrument panel
lighting ecircuit. The integral instrument lights on the copilot's flight in-
strument panel and the engine instrument panel are controlled by a rheostat-
type switch on the pilot's flight instrument panel. The integral instrumsnt
lights on the copilot's flight instrumesnt panel are slso controlled by a rheo-
stat-type switch mounted on the copilot'!s panel. Each subpanel circuit is
protected by its respective INST LTS fuse located on the pilot's and copilot's
flight instrument panels above the light control switches.

Pilot's Console Lights

The pilot's and copilot's consoles are each illuminated by four red lights in
the console and controlled by a rheostat type CONSOLE LTS switch on each con-
sole. Four red floodlights are provided above each conscle. These lights are
controlled by a three position OFF-TNCREASE switch mounted on each console
panel. Two additional lights, for the oxygen regulators on each console, are
connected with the inftegral red lights circuits.

Pilots' Overhead Switch Panel Lights

Each section of the pilcts' overhead switch panel is intermally illuminated by
red lights mounted in the panel. A rheostat type OVERHEAD PANEL LIGHTS switch
on the overhead swiich panel controls the light intensity.

Pilots' Pedestal Lights

Each section of the pilots' pedestal is Internally illuminated by red lights
mounted in the panel. The lights are controlled by a rheostat type FEDESTAL
LIGHTS switch located on the pilots' pedestal. A red semispotlight is located
in the flight compartment celling at station 300 to provide additional pedestal
and overhead switch panel illumination. An OFF-INCREASE switch, PEDESTAL
FLOOD LT, on the overhead switch panel controls the floodlight.

Flight Engineer's Panel Lights

Each section of the flight engineer's instrument panel is internally illumina-
ted by red lights mounted in the panel. A rheostat type FLIGHT ENGINEERS
PANEL lights switch located on the flight engineer's panel controls the light
intengity. In addition, the flight engineer's panel has two red and two white
floodlights mounted in the flight compartment celling. These lights are con-
trolled by individual rheostat type ENGINEERS FLOODLIGHT switches located on
the aft side of the flight engineer’'s panel. Lights are also provided to 1illu-
minate thie circuit breaker panels and the limiter and ac panels under the
flight engineer's table.

A utility light is also provided on the flight engineer's panel. An integral
ON-CFF switch is included on the light assembly.
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Map Reading Lights

Map reading lights are provided for the pilot and copilot. Tne pilot's map
reading light is located to the left of the overhead switch panel and the co-
pilot's light ig to the right of the switch panel. Each light has a built-in
OFF-INCREASE switch and light intensity control. Each light can be adjusted
from a lh-inch dismeter spot %o & 2-inch diameter spot when directed on a map
in the crew members lap.

Standby Compass Light

A red light is provided for the magnetic standby compass on the glare shield.
The rheostat type STANDRBY COMPASS LIGHT switch is located on the copilot's
flight instrument panel. A spare lamp and fuse stowsge box is mounted on the
flight compartment aft bulkhead. Spare lamps, two of each type used for the
flight compertment lights, are stored in a shock-absorbing, foamed plastic re-
tainer inside the box (see Figure 20-1).

Aldis Lamp Circuit

Tne aldis lamp circuit consists of a circuit breaker and lamp power receptacle.
Closing the ALDIS LAMP OUTLET circuit breaker sends 28-volt de power (emergency
bus) to a lamp reeceptacle located aft of the pilot's seat.

PASSENGER AND LOUNGE COMPARTMENT LIGHTING

The passenger and lounge compartment lighting inecludes the cabin general
lights, lounge overhead and table lights, aisle lights, passenger reading
lights, passenger entrance lights, coat closet lights, emergency lighting sys-
tem, and lavatory and buffet lights. Some variation in lighting between 4if-
ferent versioms is encountered but basic lighting is as noted in the following
descriptions.

Cabin General Lights

Fluorescent lights located in the cabin overhead and above the cabin windows
provide general illumination in the passenger cabin. The overhead lighting 1is
indirect and consists of twenty-eight, 13-watt fluorescent lights mounted on
each gide of the ceiling. The window lighting consists of twenty-two lights
installed on each side of the passenger cabln, one above each pair of windows,
A1l of the windows lights, except the light dirsctly aft of each emergency
exit, are 13-watt units. Tne two fluorescent lights directly aft of the left
and right emergency exits are 8-watt units.

The general cabin light intensity is controlled by two-level switching-type
ballasts. Light intensity is controlled from either of the two stewardess's
panels by a thres-position DIM-NEUTRAL-BRIGHT toggle switch, spring-loaded to
the NEUTRAL position. The toggle switch is held in the DIM or BRIGHT position
until the light intensity is as desired. When the switch is in the DIM posi-
tion, a control switch actuates wnich turns the cabin lights off. The general
cabin lights can bz extinguished from the flight compartment by means of an
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override switeh located on the pilots' overhead switch panel. The cabin window
lights can be separately controlled, if desired, by an ON-CFF toggle switch on

each stewardess's control panel. These switches are wired in a three-way cir-

cuit to provide full operation from either panel (see Figure 20—2).

Iounge Cverhead Lights

Tounge lighting is provided by three overhead fluorescent lights. The lounge
lights are controlled by a circuit breaker type switch located on the forward
stewardess's control panel.

Aisle Lights

Nine aisle lights are installed in the cabin ceiling to illuminate the aisle
between the passenger cabin seats. The aisle lights are controlled by two ON -
OFF-DIM toggle switches, one on each stewardess's control panel. Tnese
switches are wired in a three-way circuit to provide full operation from either
panel.

Passenger Reading Lights

The passenger reading lights are located in the convenience pods, one above
each passenger seat., Pushbutton switches (push to illuminate, push again te
extinguish) are located adjacent to each light. An override switch, PASSENGER
READTNG LICHTS in the pilots' overhead switch panel permits the pilots to ex-
tinguish the passenger reading lights. Five READING LIGHTS switches on the
aft stewardess's panel must be ON to arm the individual control switches.

Passenger Batrance Lights

Two threshold lights and two overhead lights are located at each main passenger
entrance. Tae lights are controlled by & switch in the corresponding main en-
trance door 5ill and are extinguished when the doors are closed and locked.
Tnis switch also controls the door open warning light in the flight compart-
ment. The lights illuminate when the main entrance doors are opened. An over-
ride ENTRANCE, ON-OFF, switch is provided on the respective stewardess's con-
trol panel. Also located at each main entrance is a RAMP RECEPTACLE which is
supplied with alrpisne electrical power.

Coat Closet Lights

Tne forward and aft coat closets are each provided with one incandescent light
controlled by a circuit breaker type ON-OFF switch located on the side of each
coat closet.

Emergency Lighting System

The emergency lighting system includes the lights at the forward and aft main
entrance and service areas, and the left and right passenger cabln emergency
exits, and the white doms lights in the flight compartment. These lights may
be energlized by either the 28.volt dc emergency bus or the battery bus. The
EMERGENCY EXIT LIGHT switch in the pilots' overhead switch panel is a
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To Be Furnlshed

Typical Stewardess's Control Panel
Figure 20-2
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three-position, CN-ARMED-CFF toggle switch. When the flight compartment switch
is placed in the ON and ARMED position, all emergency lights will illuminate.
Wnen the flight compartment switch is placed in the OFF position, electrical
power from the battery bus is interrupted. In the event of an electrical power
failure on the de emergency bus, a transfer relay deenergizes and transfers
battery bus electrical power to the emergency lights. The lights may be extin-
guished by placing the flight compartment switch in the OFF position (see
Figure 20-3).

Emergency Light Inertia Switches

If a shoek force of 1.5 G's or more is experienced, two inertis switches will
eloge and energize the emergency lighting circuit, illuminating all emergency
lights from the battery bus.

Iavatory Lights

One 13-watt and four S8-watt fluorescent lights in each forward lavatory are
controlled by a switch on the forward stewardess's control panel. A lavatory
door switch automatically extinguishes all lavatory lights except one over the
toilet when the door is opened. Both aft lavatories have two 13-watt and two
8-~watt fluorescent lights =sach, all controlled by a switch on the aft stew-
ardess's control panel. Each aft lavatory door switch automatically extin-
guishes three of the lights when the respective door is opened.

Buffet Area Lights

Four lights are located in the ceiling of both the forward and aft buffet
areas. Switches of the stewardess's panel in their respective areas control
the lights.

{abin Attendant's Control Panel Lights

The forward stewardess's control panel is illuminated by nine integral rad
lights. A control switch, PANEL, ON-OFF, is located on each panel.

CARGO AND MISCELLANEOUS COMPARTMENT LIGHTING

The cargo aund miscellaneous compartment lighting includes the lights in the
forward and aft cargo compartments, the electrical and electronic compartments,
the air conditioning compariment, main and nose gear wheel wells and the hy-
draulic and pneumstic compartment. Also included are the lighting circuits for
the aft fuselage interior and the under-wing rear spar refueling panels.

Forward snd Aft Cargo Compartment Lights

Thres dome lights and one threshold light are located in each forward and aft
cargo compartment. The lights are controlled by sutomatic door switches, which
also actuates the door open warning lights in the flight compartment.

Oct. 23/61
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Electrical and Electronic Compartment Lights .

Four lights provide illumination in the electrical and electronic compartment.
The lights are controlled by the access door switch or an ON-OFF toggle switch
adjacent to the inner surface of the sceess door. (The toggle switch is used
when gaining entry to the compartment through the flight compartment floor
door.) The electrical and electronic compartment door is connected into the
door open warning light.

Ar Conditioning Compariment Lights

Two lights are located in each of the forward and aft air conditioning compart-
ments. The lights are controlled by automatic door switches which also actuate
the door open warning light.

Wheel Well Lights

One light is located in each wheel well. These lights are connected to the
position lights circuit and are armed through the landing gear door "up" and
"Tocked" warning switehes. A1l of the wheel well lights may be controlled by a
WHEEL LTS, ON-OFF switch, located on the pilots' overhead switch panel.

Hydraulic and Pneumatic Compartment Light

One light, automatically controlled by the access door, illuminates the hydrau-
lic and pneumatic compartment. Tals door 1s connected inte the door open warn-
ing light.

Aft Fuselage Lights

Two lights provide illumination of the area aft of the aft pressure bulkhead.
Both lights are controlled by automatic door open switches at elther door,

Under-Wing Rear Spar Refuel Panel Lights

Internal lights illuminate each refuel panel. The lights are controlled by
door actuated microswitches.

EXTERTIOR LIGHTS

The extarior lights include the landing lights, taxi lights, wing illumination
lights, position lights, and the anti-collision lights (see Figure 20-4).

Landing Lights

Two inboard and two outboard landing lights are provided. The fixed position
inboard landing lights are located in the leading edge of each wing, Just out-
board of the fuselags. The cutboard landing lights are locatsd in the luwer
outboard surface of each wing at the rear spar {wing station Thh). These
lights are retractable units that flush with the wing when not in use. The
outboard landing lights use 600-watt lamps and each light is controlled by a
separate three-position EXTEND-OFF-RETRACT toggle switch. In the EXTEND
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position, the light is extended and illuminated. The light can be held in an
extended but extinguished position by placing the switch in the OFF position
after extending the light. Two amber warning lights indicate when the outboard
landing lights are extended. The inboard landing lights use 600-watt lamps and
each light is controlled by a separate ON-OFF toggle switch., All landing

light switches and warning lights are located on the pilots' overhead switch
paxel.

Taxi Lights
For taxiing purposes, two 250-watl lamps are located in the leading edge of
each wing. Each light is controlled by a separate ON-OFF switch located on the

pilots ' overhead switch panel.

Wing Illumination Lights

A 100-watt wing illumination light is installed on each side of the fuselage

forward of the wing at fuselage station 5Th. These lights are used to detect
ice formation on the wing leading edge. A WING ICE LIGHTS "ON-OFF" switch is
located on the pilots' overhead switch panel.

Position Lights

Trne position lights consist of a green light on the right wing tip, a red light
or. the left wing tip and a white light on the aft tip of the fuselsge. Each
wing position light incorporates two light bulbs. An ON-OFF toggle switch lo-
cated on the pilots' overhesd switch panel illuminates the position lights.

The position light control switch also controals the dimming of the master warn-
ing system lights. A flasher unit is not included in the position light cir-
cuitry.

Anticollision Lights

Three 40-watt anti-collision lighis are provided, one on the upper surface of
the fuselage at station 499 and two on the bottom surface of the fuselsage at
stations 594 and 1316. The upper light consists of two horizontally mounted
lamps directed Into two oscillating diagonal mirrors. The two lower lights
each consists of two 40O-watt lamps with integral reflectors to direct the light
in beams. BEach lamp assembly rotates in 180 degree arcs about the centerline
of the airplane. One lamp faces aft and the other forward. Two ON-OFF toggle
switches, ANTI-COL UPPER and ANTI-COL LOWER, located on the pilots' overhead
switeh panel control the operation of the three anti-collision lights.

AIRPLANE LIGHTING SYSTEMS POWER SOURCES

For detailed information regarding power sources for the lightlng systems, con-
sult the WIRING DIAGRAM MANUAL.
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WATER SYSTEM

The water system consists of a fiberglass water supply tank, e ground service
panel which is used in connection with maintenance and servicing of the system,
and rumerous valves and interconmnecting tubing to provide the mz2ans of deliver-
ing water to the proper places.

Pressurization

The pressurization circuit consists of & motor-driven alr pump, one pump con-
trol relay, a manual control switch, & low-pressure varning switch, a low-
pressure pump control switch and warning light (see Figures 20-5 and 20-6).
Some versions of the Convair 990 include an auxiliary pump and related cir-
cuitry.

Heating

The water heater circult consists of three water heaters, two control switches,
8ix clrcuit breakers snd interconnecting wiring (see Figure 20-7).

Water System Operation

Tha water for the system is contained under pressure in the supply tank and 1is
routed to the lavatories and buffets on demand when the spigets are opened.
Once the pump control switch, located on the flight engineer's panel, is turned
"ONY, the pressurization circuit antomatically maintains system pressure
through the operation of the low-pressure pump control switch, The low-
pressure warning switch monitors the pressurization circult by illuminating the
warning light whén the system pressure is too low. As the system water supply
is depleted, the air pressure decreases until it reaches & certain polnt. Tae
decreased pressure allows the low-pressure pump control switch to complete the
control circuit for turning on the air pump motor and rebuilding the system
pressure.

Hot water for use in the lavatories is heated by the three water heaters in-
stalled in the water supply lines. Once the heaber control switches on the
stewardess's control panels are placed in the ON position, the water tempera-
ture is automatically maintained by one bi-metallic switch within the units.

WASTE SYSTEM

The wdste system conslsts of four waste storage tanks, two service panels and
the associated plumbing from the lavatory wash basins {see Figure 20-8). The
tanks are located below the toilet in each lavatory and are used as storage
containers for all toilet waste and for waste water from the wash basins.

Waste from the toilet goes directly to the storage tank during normal use, and
flushing rings that are integral with the top of the bowl and tank are utilized
to wash waste from the bowl and tank during ground serviecing. Waste water from
the wash basins is drained into the storage tank when the sink stopper is man-
ually operated. Two external ground service panels, one Tor the aft lavatories
and one for the forward lavatory, provide draining and flushing facilities for
ground servicing.

Oct. 23/61
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CONVAIR MODEL &

OPERATION MANUAL
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CAUTION: DO NOT PULL DRAIN HANDLE UNTIL DRAIN
HOSE HAS BEEN CONNECTED

. REMOVE DRAIN AND FLUSH CAPS.

2. CONNECT DRAIN AND FLUSH HOSES.

3. OPEN DRAIN VALVE BY DEPRESSING BUTTON IN CENTER OF
HANDLE AND PULL (PULL HANDLE ALL THE WAY DOWN BEFORE
RELEASING BUTTON.)

. FLUSH TANK.

. CLOSE DRAIN VALVE BY DEPRESSING BUTTON IN CENTER OF

HANDLE AND PUSHING HANDLE ALL THE WAY UP.

DISCONNECT HOSES AND REPLACE DRAIN AND FLUSH CAPS.
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FORWARD LAVATORY (TYPICAL
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Waste System Schematic - Typical
Figure 20-8

20-1T7



CONVAIR MODEL Bb.

OPERATION MANUAL

Arplanes CVL through CV34 are equipped with flushing type toilets. The toi-
lets recirculate the waste tank water and disinfectant sclution by means of a
motor driven mechanical filter and pump assembly. The flushing mechanism is

actuated by & microswitch which 1s cam-linked to a Tlushing handle. The flush-
ing handle is located in the toilet shroud.
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