T. O. 1C-130(A)A-1

flight manuadl

USAF SERIES
? AC-130A AIRPLANE

F33657-68-C-0707
F09603-76-D-0419

THIS PUBLICATION IS INCOMPLETE WITHOUT T.0.’s 1C-130(A)A-1-1 AND T.0. 1C-130(A)A-1-2

COMMANDERS ARE RESPONSIBLE FOR BRINGING THIS
\3 PUBLICATION TO THE ATTENTION OF ALL AFFECTED
‘ PERSONNEL, '

This publication replaces TO 1C-130(A)A-1 dated 1 April 1975 and incorporates
Operation Supplement TO 1C-130(A)A-1S-8 dated 21 July 1975 and Safety
Supplement TO 1C-130(A)A-1SS-18 dated 5 January 1977,

Refer to Index, T. 0. 0-1-1-3, for the current status of Flight Manuals,
Safety/Operational Supplements and Flight Crew Checklists.

PUBLISHED UNDER AUTHORITY OF THE SECRETARY OF THE AIR FORCE.

1 APRIL 1977



T.0. 1C-130(A)A-1

LIST OF EFFECTIVE PAGES

Insert latest changed pages; dispose of superseded pages in accordance with applicable regulations.

NOTE: On a changed page, the portion of the text affected by the latest change is indicated by a vertical line, or other change symbol,
in the outer margin of the page, Changes to illustrations are indicated by miniature pointing hands., Changes to wiring diagrams are
indicated by shaded areas. @

Total number of pages in this manual is 688 consisting of the following:

Page # Change Page # Change Page #Change

No. No. No. No. No. No.

EYEYE oo oo wanenmne mes 3w s 0

7 Sy e e Sy 0 S 0

Flyleaf 1 — Flyleaf 2 . ... .. 0

TV o ov inmime omn eow e e e 0

: 15 Rty £ 5 (L SR 0

1-118Blank . .. .......... 0

e . e 0

L — 3BT i e 0 O
BB BNk s sam vavas 0 i
=) =d=2TR: ;e i v 0

D<) = B2B . . ssens e 0

B-26: Blank : . csvnenniie s 0

6-1—6-4 ............... 0

V=L =28 oesnynnseas 85 0

T-EOBlank . . s o on cunvaviss 0

B-1 —890 . 0veiivn soemsmn 0

8-t =2 wvsen e amak 0

Index 1 —Index 13 ....... 0

Index 14 Blank. .. ........ 0 ;

t‘-f%
# Zeron this column indicates an onginal page.



D

T.O. 1C-130(A)A-1

TIME COMPLIANCE TECHNICAL ORDERS
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Permanent Closure of Forward Cargo Door Opening
Deactivation of GTC Compartment Fireye Dector System
Redesign of MLG Shelf Bracket Installation

Installation of FM622A VHF-FM Radio and KY-8 Speech Incryption Capa-
bility

Installation of Aircraft Fuel Cell Explosion Suppression
Installation of Transistorized Torgmeters

Installation of Pylon Tanks

Installation of TACAN AN/ARN-21

Installation of Nose Wheel Inspection Panel and Window
Installation of Hydraulic Inline Pressure Filters

Modification of QEC to Incorporate Transistorized Temperature Datum
Control Amplifier System

Installation of AIMS Equipment

Installation of Multiple UHF Antenna System AN/ARQ-23 Radio Set and
AN/APN-147, AN/ASN-35 Doppler Radar and Radar Computer

Installation of Automatic Emergency Lighting System

Installation of Hytrol Mark II Anti-Skid Brake System
Incorporation of Provisions for Emergency Extension and Rigging of MLG
Retrofit Replacement of NLG Drag Strut and Retraction Mechanism
Installation of Collins VHF 101

Installation of Alarm System

Installation of Master Fire Warning Light

Installation of Check Valves in Brake System Return Lines

Rework of NLG Drag Strut Actuator

Readjustment of NLG Drag Strut Actuator

Installation of MA-1 Accelerometer

Installation of Lower Anti-Collision Light

Installation of Intervalometer for the LAU-74 Flare Launcher, AC-130A,
AC-130E Aircraft

Installation of ALE-20 Flare Ejector Set, AC-130A, AC-130E Aircraft

Modify AN/APR-26 System to Provide Audio Signal and Install Additional
Antenna, AC-130A Aircraft
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Provide Alternate Pitch Signal From LTN-51 Inertial Platform to Auto-
Pilot, AC-130A Aircraft

Provide Power Supply Spike Supression for AN/ARN-92 Computer, AC-
130A Aircraft

Install Active Television (GLINT), AC-130A Aircraft

Install AN/AAD-T7 Infrared System Water Separator, AC-130A Aircraft
Modify Oxygen System, AC-130A Aircraft @
Install External Call Switch at Right Scanner Position, AC-130A Aircraft

Provide VHF-AM to Cargo Compartment Intercom Station, AC-130A
Aircraft

Relocate Portable Oxygen Bottles, AC-130A Aircraft
Correction of Tacan and Other EMI Problems, AC-130A Aircraft

Installation of Improved Radar Warning Capability, AC-130A Aircraft
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SCOPE.

This manual contains the necessary information for safe and efficient operation of the AC-130A. These: instruc-
tions provide you with a general knowledge of the airplane, its characteristics, and specific normal and emergency
operating procedures. Your flying experience is recognized; therefore, basic flight principles are avoideci.

SOUND JUDGEMENT. Q
Instructions in this manual are for a crew inexperienced in the operation of this airplane, This manual provides

the best possible operating instructions under most circumstances, but it is a poor substitute for sound judgement.

Multiple emergencies, adverse weather, terrain, etc. may require modification of the procedures.

PERMISSIBLE OPERATIONS.

The Flight Manual takes a "positive approach' and normally states only what you can do. Unusual operations or
configurations (such as asymmetrical loading) are prohibited unless specifically covered herein, Clearance must

be obtained from the Flight Manual Manager before any questionable operation is attempted which is not specif-
ically permitted in this manual.

HOW TO BE ASSURED OF HAVING LATEST DATA. »3
Refer to T.0. 0-1-1-3, its monthly supplement, and the latest safety or operational supplement flyleaf.

STANDARDIZATION AND ARRANGEMENT.

Standardization assures that the scope and arrangement of all Flight Manuals are identical. The manual is
divided into nine fairly independent sections to simplify reading it straight through or using it as a reference
manual,
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USE OF WORDS SHALL, WILL, AND MAY.
’3 The following definitions apply to words "shall," "will,” and "may" found throughout the manual:
Shall and Will - Used to indicate a mandatory requirement,

May Indicates an acceptable or suggested means of accomplishment,

YOUR RESPONSIBILITY - TO LET US KNOW.

Every effort is made to keep the Flight Manual current. Review conferences with operating personnel and a con-
stant review of accident and flight test reports assure inclusion of the latest data in the manual. However, we

/3 cannot correct an error unless we know of its existence. In this regard, it is essential that you do your part.
Comments, corrections, and questions regarding this manual or any phase of the Flight Manual program are wel-
comed. These should be forwarded through your Command Headquarters to Warner Robins Air Logistics Center,
Robins AFB, Georgia, 31098 ATTN: MMSRE.

iii
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THE AIRPLANE.

The Lockheed AC-130A is an all-metal. high-wing.
long-range, land-based monoplane. The fuselage is
divided into the cargo compartment and the flight
station. It can be fully pressurized and air condi-
tioned, both in flight and on the ground. The mis-
sion of the airplane is to operate as an aerial gun-
ship. The AC-130A can be used on landing strips
such as those usually found in advance base opera-
tions.

INTERIOR ARRANGEMENT.

The fuselage is divided into the cargo compartment
and the flight station. It may be fully pressurized
(for ferry configuration) and air conditioned both in
flight and on the ground.

PROPULSION.,

Powver is supplied by four Allison turboprop, constait

speed engines. Each engine drives a 3-blade Aeropro-
ducts electrohydraulic, constant-speed propeller having

full feathering and reversible pitch.
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AIRPLANE DIMENSIONS.
The principal dimensions of the airplane are:
Wing Span . . . . . . .. . 132 feet 7 inches

Tongth .. . . « ¢ 5 %@ 55 .97 feet 9 inches
HEIL s 5 ooven wocs e W o s 38 leet 4 inches
BabIHEerSpain: on o v v s vwne 2 o o Do T0EE B jHiches

Maximum Gross Weight , . . ... ... 124,200 pounds
(For complete Weight information, see Section V.)
Cargo Compartment Dimensions:

I.ength . . 41 leet

WHAEH: wooemiss s e @i wow mesic o 10 feet 3 inches

e S —————————————— T = 9 [eet
CREW.

The flight deck and cargo compartment provide for
a crew of fourteen. Four crew members are located
on the flight deck and ten in the cargo compart-
ment.

The four flight deck crew members include the pilot.
copilot, navigator. and flight engineer.
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The ten cargo compartment crew members include
a fire control officer (FCO)., and infrared operator
(IR), an electronic warfare officer (EWO), television
operator (TV), five weapons mechanics (WM), and an
illuminator operator (10).

An operator’s booth, installed on the right side of
the cargo compartment, houses the FCO, IR operator,
EWO, and TV operator.

The 10 is stationed on the cargo ramp as an aft
scanner. Five weapons mechanics man the gun sta-
tions (20mm, 7.62mm, and 40mm).

ENGINES.

The airplane is powered by four Allison T56-A-9
turboprop engines,which develop approximately 3,750
ESHP, 10'c of which is jet thrust. The basic engine
consists of two major assemblies - a power section
and a reduction gear assembly - which are attached to
each other by an extension shaft assembly and two
supporting struts. Fuel, starting, ignition, control,
and oil systems are provided with the engine.

POWER SECTION.

The power section of the engine is composed of a
single-entry, 14-stage, axial-flow compressor; a set
of six combustion chambers of the through-flow type;
and a 4-stage turbine. Mounted on the power section
are an accessories drive assembly and components
of the engine fuel, ignition, and control systems. Ac-
celeration bleed valves are installed at the 5th and
10th compressor stages and a starting bleed is in-
stalled at the 14th stage to unload the compressor to
facilitate engine starting. A manifold is installed at
the diffuser to bleed air fromthe compressor for air-
plane pneumatic systems. Anti-icing systems are
provided to prevent accumulation of ice in the engine
inlet air duct. Inlet air entersthe compressor through
a scoop and duct below the compressor and is pro-
gressively compressed through the 14 stages of the
compressor. The compressed air (at approximately
125 PSI, 600°F) flows through a diffuser into the com-
bustion section. Fuel is introduced in the combustion
chambers and burned to increase the temperature and
thereby the energy of gases. The gases expand through
the turbine, causing it to rotate and drive the com-
pressor, propeller, and accessories, Gases,after ex-
panding through the turbine, flow out through a tailpipe.

EXTENSION SHAFT ASSEMBLY.

The extension shaft assembly consists of two concen-
tric shafts and torquemeter components. The inner
shaft transmits power from the power section to the
reduction gear. The outer shaft serves as a reference
so that the torsional deflectiorn of the loaded inner

1-2

shaft can be detected by magnetic pickups of a torque
indicating system.

REDUCTION GEAR ASSEMBLY.

The reduction gear assembly contains a reduction gear
train, a propeller brake, an engine negative torque con-
trol system, and a safety coupling. Mounted on the
accessory drive pads are the engine starter, a DC gen-
erator, a hydraulic pump, an oil pump, a tachometer
generator and an AC generator on each of the in-
board engines. The reduction gear has an indepen-
dent dry-sump oil system. The reduction gear train

is in two stages, providing an overall reduction of ﬁ

13.6 to 1 between engine speed (13,820 RPM) and
propeller shaft speed (1,016 RPM). The propeller
brake, engine negative torque control system, and safe-
ty coupling are described in following paragraphs.

Propeller Brake.

The friction-cone type propeller brake acts on the first
stage of reduction gearing. During engine operation,
it is held disengaged by oil pressure. As engine speed
is reduced and oil pressure drops, the braking surfaces
are brought into contact by spring force to help slow
the propeller to a stop. To keep the brake from e
dragging during engine starting, starter drive torque is

applied through helical splines on the starter shaft and
the starter gear on the outer brake member to disen-
gage the brake. The brake also engages to stop re-
verse rotation of the propeller.

Safety Coupling.

The safety coupling is provided to decouple the power

section from the reduction gear if negative torque ap-

plied to the reduction gear exceeds approximately ‘
6,000 inch-pounds, a value much higher than that re-

quired to operate the engine negative torque control

(ENTC) system. Because of its higher setting, the

safety coupling backs up the ENTC system to reduce

drag until the propeller can be feathered.

ENGINE FUEL AND CONTROL SYSTEM.

In a turboprop engine (figure 1-7) the turbine extracts

the maximum amount of energy from the gas stream.

This is done to drive not only the compressor and the
accessories but also the propeller. Since most of the

gas stream energy is absorbed by the turbine, the jet

action, while still effective, is reduced considerably. 0
A reduction gear is used because the turning speed of
the power unit is too high for use with a propeller.
In flight, the engine operates at a constant speed
which is maintained by the governing action of the
propeller. Po.er changes are made by changing fuel
flow and propeller blade angle rather than engine speed.
An increase in fuel flow causes an increase in turbine
inlet temperature and a corresponding increase in
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¢ general arrangement

" ALTERNATE RAMP
INSTALLATION

1. PILOT 16. 2KW ILLUMINATOR
2. COPILOT 17. AN/APQ-150 BEACON TRACKER
3. FLIGHT ENGINEER 18. 40MM CANNON
4. NAVIGATOR 19, 7.62MM MINIGUNS
5. GALLEY 20. 20MM AMMUNITION
6. MAIN POWER DISTRIBUTION BOX 21. IR DETECTING SET
7. ELECTRONIC RACK 22, 20MM CANNON
@% 8. SCANNER 23. BRASS TROUGH
- 9. IR AND EWO CONSOLE 24. TV/LASER PLATFORM
10. TV CONSOLE 25. BLACK CROW ANTENNA
11. FIRE CONTROL CONSOLE 26. ILLUMINATOR CONTROL
12. ELECTRONIC SHELF 27. FLARE LAUNCHER
13. 40MM AMMUNITION RACK 28. 40KW ILLUMINATOR
14. URINAL 29 ALE-20 DISPENSER (2 PLACES)
15. RAMP CRASH SEATS 30. ECM PODS (WHEN INSTALLED)
Figure 1-1

1-3
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Figure 1-2.
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., pilot’'s auxiliary
control panel

FLICHT DECE DOWE L Ty

SIDE PANELS (TYPICAL)

. CONTROL PANEL, C-7213/ARC 9. GUNSIGHT CONTROL PANEL

. CONTROL UNIT, UHF 2 10. GUN STATUS LIGHT CONTROL PANEL
. ANTENNA SELECTOR, UHF 2 11. GUN SIGHT TEST PANEL

. CONTROL, Fm 2 12. BORESIGHT ADJUST PANEL

. PILOT'S SENSOR ANGLE DISPLAY PANEL 13. PILOT'S SLADS LIGHT CONTROL

. AUTOPILOT GYRO SELECTOR PANEL 14, PILOT'S AUXILIARY CONTROL PANEL

. OXYGEN REGULATOR 15. COPILOT'S AUXILIARY CONTROL PANEL
. GUN STATUS PANEL

O~ EWN -

A~ -33-00°

Figure 1-3.
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copilot’s auxiliary
control panel

SIDE PANELS (TYPICAL)

. CONTROL PANEL, C-7213/ARC 9. GUNSIGHT CONTROL PANEL
CONTROL UNIT, UHF 2 10. GUNSTATUS LIGHT CONTROL PANEL
. ANTENNA SELECTOR, UHF 2 11. GUN SIGHT TEST PANEL
CONTROL, FM 2 12. BORESIGHT ADJUST PANEL

PILOT’'S SENSOR ANGLE DISPLAY PANEL 13. PILOT'S SLADS LIGHT CONTROL
. AUTOPILOT GYRO SELECTOR PANEL 14. PILOT'S AUXILIARY CONTROL PANEL
OXYGEN REGULATOR 15. COPILOT'S AUXILIARY CONTROL PANEL

GUN STATUS PANEL

PNOAB LN

OA = =320
I04 33-00t

Figure 1-4.
1-6
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overhead control panel

b 11

.:; %'@Qﬁslg

s AL B St gl 2 o rue v —
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1. ANTI-SKID TEST PANEL (SOME
AIRPLANES)

2. PYLON TANK PANEL
3. EMERGENCY EXIT LIGHT EX-
TINGUISH SWITCH PANEL

ﬂ\ @&-
2 [

PANEL

5. ICE DETECTION PANEL
6. ENGINE STARTING PANEL

Figure 1-5. (Sheet 1 of 3)

. OIL COULER FLAPS SWITCH 7

. FIRE EMERGENCY CONTROL
PANEL
8. FUEL CONTROL PANEL
9. ELECTRICAL CONTROL PANEL
10. AIR CONDITIONING CONTROL PANEL

1-7
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overhead control panel €

(TYPICAL)

77 7 7 7
%) ALE-20

ADISPENSER
@ ZLFE ARﬁ | @

5. ALE-20 DISPENSER ARMING PANEL

ANNAN

INPH

LISTEN

) O O K

OXYGEN REGULATOR
PRESSURE DEMAND

OXYGEN
FLOW Psi 1. OXYGEN REGULATOR

@ EMERGENCY OXVEEN

@ NORMAL I swpul

NORMAL
TEST MASK
v ERT A2 OXYGEN

Figure 1-5. (Sheet 2 of 3)
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overhead control panel (cont) (typical)

GUN STATUS GUN MODE (o
LT CONT SEL ECTOR
DIM SEMI| AUTO

m MAN AU TO
@ @ 3. GUN MODE AND LIGHTING CONTROL

GUN CONTROL

I—— 7.62MM‘I J——ZOMM—I |—40 MM—-|

NO. 1 NO.2 NO.3 NO.4 NO.I NO.2 NOS5 NO.6

veee @e0e
QOO QP

SAFE SAFE SAFE SAFE SAFE SAFE SAFE  SAFE

OXOXORORORORORO

RATE RATE RATE RATE

RIS

4. GUN CONTROL PANEL
Figure 1-5. (Sheet 3 of 3)
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typical

. PILOT'S INSTRUMENT PANEL

. AN/APN-59 INDICATOR

. ENGINE INSTRUMENT PANEL

. COPILOT'S INSTRUMENT PANEL
. HYDRAULIC CONTROL PANEL

. AN/ALR-46 INDICATOR

oo b LN =

Figure 1-6.

energy available at the turbine. The turbine absorbs
more energy and transmits it to the propeller in the
form of torque. In order to maintain governing speed,
the propeller increases blade angle to absorb the in-
creased torque. Hence, the engine is unique in that an
advance of the throttle (in theflight range) will produce
an immediate power response. Turbine inlet tempera-
ture is a very important factor in the control of the
engine. It is directly related to fuel flow and conse-
quently to power produced. It is also limited because
of the strength and durability of the combustion and
turbine section materials. The control system sched-
ules fuel flow to produce specific turbine inlet tem-
peratures and to limit those temperatures so that the
temperature tolerances of combustion and turbine
section materials are not exceeded. The fuel system
consists of fuel filters,afuel pump, a hydro-mechanical
fuel control in series with an electronic temperature
datum control system,and six fuel nozzles. Operating
with the fuel system is the ignition system,the starting
fuel enrichment system,the bleed air system, and the
propeller. Changes in power settings are effected by
the throttle which is connected to the fuel control and
the propeller througha mechanical coordinator, During
ground operation, changes in throttle position mechan-

1-10

ically affect both the fuel flow and the propeller blad:
angle. In flight, changes in throttle position aflect
fuel flow only, the propeller governor maintaining
constant engine speed. The hydro-mechanical fucl
control,which is part of the basic fuel system, senses
engine inlet air temperature and pressure, rpm, and
power lever position and varies fuel flow accordingly.
The electronic temperature datum (TD) control sys-
tem senses turbine inlet temperature and throttle
position and makes any necessary changes in the fuel
flow from the fuel control before il reaches the fuel
nozzles. The TD system compensates [or minor var-
iables not sensed by the hydro-mechanical fuel control
and for mechanical tolerances within the fuel control
itself. By means of switches the TD system can be
positioned to NULL or locked and the engine will oper-
ate on the basic hydro-mechanical system alone. With
the TD system in AUTO, automatic overtemperature
protection is provided throughout the operating range
and automatic temperature scheduling is prowvided
when the throttle is in the range of 65 to 90 degrees
When the TD system is in NULL, the automatic func-
tions of temperature limiting and temperature sched-
uling must be accomplished manually by adjustment ol
the throttle.
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Basic Hydro-Mechanical Fuel System.

The basic hydro-mechanical fuel system consists of a
throttle, a coordinator, a low-pressure fuel [ilter, a
high-pressure fuel filter, a dual-element fuel pump,
a hydro-mechanical fuel control,and six fuel nozzles.
Fuel flow through the system is illustrated schemati-
cally in figure 1-8.

Throttle, Coordinator, and Propeller Control
Linkage.

The coordinatoris a mechanicaldiscriminating device
which coordinates the throttle, the propeller, the fuel
control, and the electronic temperature datum (TD)
system. Movements of the throttle are transmitted to
the coordinator and, in turn, to the fuel control and
the propeller by a series of levers and rods. A poten-
tiometer in the coordinator provides signals to the
TD system. Propeller blade angle is scheduled by
throttle position from maximum reverse to flight idle
(0 to 34 degrees) range of the throttle quadrant (fig-
ure 1-9). At throttle settings between flight idle and
take-off (34 to 90 degrees) range, the propeller is
governing. Throttle movement in this range serves
primarily to change fuel flow.

Fuel Control and Fuel Nozzles.

Fuel flows from the fuelpump to the hydro-mechanical
fuel control (figure 1-8). The control is sensitive to
throttle position, air temperature and pressure at the
engine inlet, and engine speed. The engine speed func-
tion of the fuel control maintains engine speed in the
taxi range, and limits engine speed (at approximately
104 percent RPM) if the propeller governor fails. The
fuel flow schedule maintained by the fuel control pro-
vides satisfactory operation of the engine throughout
its entire range. Fuel metered by the control is equal
to engine requirements plus an additional 20 percent
which is for the use of the temperature datum valve, a
part of the TD system. With the TD system in NULL,
the excess fuel provided by the fuel control is constantly
bypassed by the temperature datum valve back to the
fuel pump and fuel metering is accomplished by the
fuel control alone. The required fuel flow passes on
through the temperature datum valve to the fuel noz-
zles and intothe combustionliners whereit is burned.

Electronic Temperature Datum Control System.

The temperature datum control together with the
coordinator potentiometer, temperature adjustment
network, a turbine inlet temperature measurement
system, and the temperature datum valve make up the
electronic temperature datum system. The system
compensates for variations in fuel heat valuc and
density, engines, and control system characteristics.
The temperature datum controlis furnished actual tur-
bine inlet temperature signals from a set of thermo-
couples and desired turbine inlet temperature signals
by the throttle through the coordinator potentiometer
and the temperature adjustment network. The control
compares the actualand the desired turbine inlet tem-
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perature signals. In the temperature coutrolling range
(65" - 80%), if there is a difference. the temperaturc
datum control signals the temperature datum valve 1o
increase or decrease fuel {low to bring the tempera-
ture back on schedule. Inthe temperature limiting range
(0 - 65°) the temperature datum control acts only
when the limiting temperature is exceeded at which
time it signals the temperature datum valve to decrease
fuel flow. The temperature datum valve is located be-
tween the fuel control and the fuel nozzles. It isa
motor-operated, bypass valve which responds to sig-
nals received from the temperature datum control.
In throttle positions between 0 and 65 the valve
remains in a 20 percent bypass or null position and
the engine operates on the fuel flow scheduled by the
fuel control. The valve remains in the null position
unless it is signaled by the temperature datum con-
trol to limit turbine inlet temperaturce. The valve then
reduces the fuel flow (up to 50'¢ of required fuch
tothe nozzlesby returningthe excess to the luel pump.
When the turbine inlet temperature lowers to the de-
sired level, the temperature datum control signals
the valve to return to the null position. In throttle
positions between 0° and 65 the control system 1s in
the temperature limiting range. In throttle positions
between 65 and 90° the temperature datum valve
actstocontrol turbineinlet temperature topreselected
schedule corresponding to throttle position;this is the
temperature controlling range. In this range the valve
may be signaled by the temperature datum control tu
allow more (higher temperature desired) or allow lvss
(lower temperature desired) of the fuel to flow o the
fuel nozzles. Any specific fuel flow trim correction
applied in the 65° - 90 throttle range can be locked
into the temperature datum valve while above 65 and
will be maintained inthe 0 - 65 range by the use of
the electronic fuel correction switch located at the
copilot's instrument panel. Also. the TD system can
be returned to nullat any time by the use of the temp-
erature datum control switch. When the switch is in
null, automatic temperature limiting circuits are in-
operative, the temperature datum valve remains in the
null (20 percent bypass) position, and all fuel metering
is then accomplished by the fuel control. Temperature
limiting then must be accomplished by throttleadjust-
ment,

Acceleration Bleed Air Valves Control System.

The eight acceleration bleed air valves on the 5th and
10th compressor stages of each engine are opened
automatically during engine starting to facilitate ac-
celeration. The pneumatically actuated valves are
controlled electrically through control of a three-way
solenoid valve on the engine. When engine speed is
above 94 percent RPM, the solenoid valve is de-
energized by the speed-sensitive control and opens to
allow air pressure from either the 14th stage of the
compressor or from the bleed air system manifold to
be applied to the bleed valves This air, being higher
in pressure than the 5th and 10th stage compressor
air. drives the blecd valves closed. When engine
speed is below 94 pirrcent RPM, the solenoid valve is
closed, venung the high pressure air, and the bleed
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valves are opened by pressure of air in the 5th and
10th stages of the compressor. If the engine is shut
down by using the fire emergency handle,no DC power
is applied to the solenoid valve during the shutdown
and the valve will remain open allowing air from the
other three engines to flow from the mainbleed mani-
fold through a double ball check valve to the affected
engine holding the compressor bleeds closed 1If a
start is attempted and the bleed valves are not open,
the TIT may exceed tae limits or the compressor
may stall.

Diffuser Bleed Valve.

The 14th stage bleed air valve reduces airflow to the
combustion liners at the beginning of the starting
cycle to assist in lightofl. It closes automatically at
33 percent RPM engine speed.

Starting Fuel Enrichment System.

The engine fuel enrichment switches (figure 1-14),

located on the engine starting panel, are toggle switches
In NORMAL, each

with NORMAL and OFF positions.
switch allows the engine fuel enrichment valve to be
controlled by the speedsensitive control and manifold
pressure switch during starting. The OFF position is
provided to permit deactivating the fuel enrichment

system for any engine. The enrichment system con-
sists of a bypass line in which is mounted a solenoid
valve controlled by the speed-sensitive control and a
manifold pressure switch. The valve is opened by the
speed-sensitive control, through the ignition relay, when
engine speed reaches 16 percent RPM during starting.
While open, it allows pump discharge fuel to flow
around the metering section of the fuel control to add
to the metered flow from the fuel control. After fuel
pressure in the manifold reaches approximately 110 PSI
(gage), the manifold pressure switch opens to deener-
gize the valve, which then closes.

STARTING SYSTEM,

An air turbine starter drives the engine for ground
starts. The starter consists of a turbine unit, a reduc-
tion gear section, and a clutch to engage the starter
turbine to the starter reduction gearing. A regulator
valve at the turbine inlet is opened by energizing a
solenoid on the valve to allow airflow into the starter
turbine. The solenoid is energized by closing a ground
start switch at the flight station; and is deenergized,
causing the regulator valve to close, when centrifugal
cutout switches in the starter are operated at starter
cutout speed. Air for driving the starter can be sup-
plied from an external source, the gas turbine com-
pressor, or an operating engine. The air is supplied
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from thebleed air system through an engine bleed air
valve. When opened, the bleed air valve allows air to
flow into the nacelle duct leading to the starter regu-
lator valve. (See Section V lor starter limits.)

IGNITION SYSTEM.

The ignition system is a high-voltage, condenser-
discharge type, consisting of an exciter, two igniters,
and control components. The system is controlled by
the speed-sensitive control through the ignition relay
which turns it on at approximately 16 percent RPM
and turns it off at approximately 65 percent RPM
during starting.

ENGINE CONTROLS.

Throttles.

The throttles (figure 1-10) are quadrant-mounted on
the flight control pedestal. Throttle movement controls
engine operation by positioning propeller controls and
by positioning controls to select the rate of engine
fuel flow. Throttle movements are transmitted through
mechanical linkage to an engine-mounted coordinator,
and all references to throttle travel are given in de-
grees of coordinator movement. The coordinator
transmits the movements through mechanical linkage
to the propeller and to the engine fuel control, and it
also actuates switches and a potentiometer which
affect electronic temperature datum control system
operation. Each throttle has two distinet ranges of
movement - taxi and flight (governing). They are not
marked, but are separated by a cam step (see fig-
ure 1-9). Both ranges are used for ground operation,
but the taxi range is not used in flight. In the taxi
range, the throttle position selects a propeller blade
angle and a corresponding rate of fuel flow. In the
flight (governing) range, throttle position selects a
rate of fuel flow to produce a scheduled turbine inlet
temperature, and the propeller governor controls pro-
peller blade angle. The throttles have four marked
positions, which are the following:

MAX REVERSE - (0 degrees travel) gives maximum
reverse thrust with engine power approximately 60
percent ol take-off power.

GROUND IDLE - (18 degrees travel) is a detent posi-
tion. This is the ground starting position at which
blade angle is set for minimum thrust and the fuel
control for minimum fuel flow.

FLIGHT IDLE - (34 degrees travel) is the transition
point between the taxi and light (governing) ranges.
A step in the quadrant limits aft travel of the throttle
at this position until the throttle is lifted.

TAKE-OFF - (90 degrees travel) is the full-power
position.

The throttlequadrant isalscdivided into two unmarked
ranges with respect to control of the electronic tem-
perature datum control system. The crossover point
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is at 65 degrees throttle travel, at which point the
switches in the coordinator are actuated. Below this
point, the electronic temperature datum control system
is limiting turbine inlet temperature. Above this point,
it is controlling turbine inlet temperature.

Throttle Friction Knob.

A friction knob (figure 1-10) on the throttle quadrant
adjusts the amount of force applied to the throttles to
prevent creepage or accidental movement.

Excessive force applied to the friction knob
can cause breakage of parts which might
jam the throttles.

Engine Condition Levers.

Four pedestal-mounted condition levers (figure 1-10) are
primarily controls for engine starting and stopping and
propeller feathering and unfeathering. They actuate
both mechanical linkages and switches which provide
electrical control. Each lever has four marked posi-
tions, which are the following:

RUN is a detent position. At this position, the lever
closes a switch which places engine fuel and ignition
systems under control of the speed-sensitive control.
For engines No. 2 and No. 3, the ice detection sys-
tem is energized.

AIR START is a position attained by holding the
lever forward against spring tension. In this position,
the lever closes the same switch closed by placing the:
lever at RUN, and in addition closes a switch which
causes the propeller feathering pump to operate.

GROUND STOP is a detent position. In this position,
the lever actuates a switch which causes the fuel shut-
off valve on the engine fuel control to close only if
the airplane is on the ground, and the landing gear
touchdown switches are closed. The switch also closes
the nacelle preheat control circuit and the ENTC test
circuits for the engine, making these systems operable.

FEATHER is a detent position. When the lever is
pulled toward this position, mechanical linkages trans-
mit the motion to the engine-mounted coordinator and
from the coordinator to the propeller and to the shut-
off valve on the engine fuel control. Switches are also
actuated by the lever as it is pulled aft. The results
of moving the lever to FEATHER are the following:

The propeller receives a feather signal mechanically.

The fuel shutoff valve on the engine fuel control 1s
closed both mechanically and electrically.

The propeller feathering pump is turned on.

The nacelle preheat system remains operable.
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When pulling the condition lever to FEATHER,
pull it smoothly through the GROUND STOP
position all the way tothe detent,without stop-
ping at any midpoint, to assure that the pro-
peller is fully feathered when the engine fuel
is shut off. If the lever is left at a midposi-
tion, it is possible to cause engine decoupling
if the ENTC system fails.

TD (Temp Datum) Control Valve Switches.

Four temperature datum control valve switches (fig-
ure 1-12) are mounted on a controlpanel at the aft end
of the flight control pedestal. Each switch has AUTO
and NULL positions. The switch positions are used as
follows:

The AUTO position permits normal operation of the
electronic temperature datum control system by
applying single-phase AC power to the amplifier
through an engine fuel and temperature control cir-
cuit breaker on the main AC distribution panel. The
TD valve brake is unlocked after the amplifier warms
up (30 seconds).

The NULL position of these switchesis used todeacti-
vate the control systems when erratic fuel scheduling
is suspected or when the engines are not operating.
The NULL position removes AC power from the TD
control amplifier, and applies DC power, through the
null circuit breaker on the copilot's circuit breaker
panel, to the TD valve brake to unlock it. Receiving

temperature datum
control valve
switch panel

3

TEMP DATUM CONTROL VALVE

T.0. 1C-130(A)A1

no control signals, the TD valve returns to its null
position so that it does not correct the fuel [low ac-
cording to turbine inlet temperature.

Electronic Fuel Correction Switch and Lights.
Note

On aircraft modified by TCTO 1C-130-699
the fuel correction lights may illuminate any
time the battery switch is turned on.

The electronic fuel correction switch and amber lights
(figure 1-13) are located on the copilot's instrument
panel. The switch, which has CONTROLLED and
LOCKED positions, controls the brakes on all four
temperature datum valves. With the switch at CON-
TROLLED position, the brakes are unlocked and the
valves are controlled by the electronic control sys-
tems to provide temperature limiting or controlling,
depending on throttle position. The lights are onwhile
the throttles are intemperature-limiting range (below
65 degrees) and go out whenthe throttles are advanced
to the temperature-controlling range (above 65 de-
grees) if the control systems are functioning normally.
While the throttles are in temperature-controlling
range, the valves may be at some 'put” or '"take"
position, depending on what fuel flow correction is
necessary to maintain a selected turbine inlet tem-
perature. If the electronic fuel correction switch is
then positioned at LOCKED, the TD valves are locked
at whatever positions they are in at the time. The TD
valves remain locked and the fuel correction lights
remain out through all throttle movements, unless an
over-temperature conditionis sensed by the amplifier.
If the engine throttle is in the temperature-limiting

304~ -33-0'3

Figure 1-12.
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electronic
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panel

Figure 1-13.

range (below 65 degrees) and an over-temperature
condition exists, the TD valve [or the particular engine
will unlock and open to a "take' position regardless
of the electronic fuel correction switch position. If a
valve is unlocked by its control system to correct an
over-temperature condition, the fuel correction light
for that engine illuminates to indicate that the wvalve
is unlocked and the system will continue to operate in
a temperature limiting mode.

Note

The electronic correction switch locks the
correct fuel setting of the TD valve only when
it is positioned at LOCKED while the throttles
are in the temperature controlling range, the
TD control valve switch is in the AUTO posi-
tion, and the fuel correction lights are out.
Locking the valves permits all the engine
fuel conirols to maintain more equal power
distribution during formation flying and
landing.

Starting Control System.

The starting control system automatically controls
fuel flow, ignition, and compressor unloading during
ground and air starts. DC power for the control cir-
cuits is supplied from the flight station bus through
the engine start control circuit breakers on the flight
station distribution panel and from the propeller and
engine bus through the engine fuel and ignition control
circuit breakers on the copilot's circuit breaker pan-
el. Provisions are made for using the battery to en-
ergize these circuits when all the air output of the gas
turbine compressor is required to drive the starter.
The automatic control of the starting control system
is a speed-sensitive control, which is engine-driven
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and contains three centrifugal speed switches. Thesc
switches perform the following functions:

On acceleration to 16 percent RPM - The motor-driven
fuel shutoff valve in the engine fuel control is opened.
The ignition relay is energized and completes circuits
to:

a. Energize the ignition exciter.
b. Close the engine fuel pump paralleling valve.
¢. Open the fuel enrichment valve.

d. Close the manifold drip valve.

e, [If battery engine start is accomplished, battery
engine start holding circuit is energized (if battery
switch is in BATTERY position only).

On accelerationto 65 percent RPM - The ignition relay
is de-energized, causing the following:

a. Ignition system is turned off.

b. Fuel pump paralleling valve opens to return pumps
to series operation.

¢. Manifold drip valve is de-energized. (It is then held
closed by manifold pressure.)

d. ATM is turned on if battery-engine start is used.

e. Deenergizes the battery engine start holding cir-
cuit. (If battery switch is in BATTERY position only .)

On acceleration to 94 percent RPM - electronic tem-
perature datum control system is switched from star!




limiting to normal liniting and the three-way solenoid
valve 1sdeenergized through the speed-sensitive con-
trol to allow 14th stage bleed air pressure to lorce
the 5th and 10th stage compressor bleed valves closed
and the engine start control circuit is deenergized.

On deceleration to 94 percent RPM - the threc-way
solenoid valve is energized to allow 5th and 10th stage
valves to open,and electronic temperature datum con-

trol system is switched to start limiting and engine

start control circuit i1s energized by the speed-sensi-
tive control. (See Section V for limits.)

Engine Ground Start Switches.

The enginc ground start switches (figure 1-14) arc
located on the engine starting panel on the overhead
control panel. Each switch is used to open the starter
air regulator valve to permit operation of the starter.
A red light in the switch glows as long as the switch
is held in. When the engine acceleratesto starter cut-
out speed, speed switches in the starter are actuated
to cause the regulator valve to close and the switch to
be released, causing the light to be extinguished. The
switch can be disengaged manually at any time to dis-
continue starter operation. Power is supplied to the
switches [rom the [light station DC bus.

/ |—
—_
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Note

The red light in the starter switeh doces not
necessarily indicate that the  starter s
energized,

Battery-Engine Start Switch.

The battery-engine start switch thigure 1-14) 15 loen-
ted on the engine starting pancl. The switeh is used
when starting the [irst engine on davs ol low i den
sity. I the switch 18 not used, the cas wurbine con
pressor may not supply enoughalr todrive the startes
and air turbine motor at the same time 1 ar densi
is low because of high temperature or altitude. Clos
ing the switch causes the relays to encrerze and wurn
off the air turbine motor, and allows current to How
from the battery through a reverse-current relav to
the main DC bus. When the voltage output ol i
engine-driven generator exceeds battery voltage. tn
generator is connected to the muain bus. The eher
bus voltage then causes the relayvs ol the batters
engine start circuit to be deactuated, and the revers
current relay resumes its normal lunction ol prs
venting current flow lrom battery to bus. Power log
the battery-engine start switch 1s obtuned [rom
isolated DC bus through the GTC control circuit
breaker on the main power distribution box

engine starting panel

JOhe =TI ©

Figure 1-14.

1-21



T.0. 1C-130(A)A-1

Engine Fuel Enrichment Switches.

The engine fuel enrichment switches (figure 1-14) are
located on the engine starting panel. They are toggle
switches with NORMAL and OFF positions. In NOR-
MAL, each switch allows the engine fuel enrichment
valve to be controlled by the speed-sensitive control
and manifold pressure switch during starting. The
OFF position is provided to permit deactivating the
fuel enrichment system for any engine. Power is sup-
plied to the switches from the flight station bus
through the engine starting control circuit breakers.

Engine Bleed Air Valve Switches.

The engine bleed air valve switches are located on the
gas turbine compressor control panel on the overhead
panel. They are toggle switches with OPEN and
CLOSED positions. Each switch controls a motor-
driven bleed air valve in the engine nacelle. When
the valve is opened, it allows bleed air to flow from
the bleed air system manifold to the starter valve,
the nacelle preheat valve,and the inlet air scoop anti-
icing valve; or, if the engine is running, it allows air
to flow from the 14th compressor stage of the engine
to the bleed air system. The valve is closed when
necessary to prevent air flow from the engine to the
bleed air system or from the bleed air system to the
nacelle ducts. Power is supplied to the switches from
the propeller and engine DC bus.

ENTC Test Switch and Lights.

The ENTC test switch and lights (figure 1-16) are
located at the aft end of the flight control pedestal.
The switch has NORMAL and TEST positions. When
positioned at TEST, it applies DC power to a test cir-
cuit, providing for testing the ENTC system for any
engine. If an engineis then shut down by the procedure
described in Section II, propeller momentum tends to
drive the engine after engine fuel flow is shut off. If
the ENTC system is functioning, it signals the pro-
peller to increase blade angle: and the No. 1 blade
trips a switch as it increases angle. The switch turns
on the test light, which is controlled by a holding cir-
cuit after it is originally lighted, for the engine to
indicate that the negative torque signal has caused the
blade angle increase. The ENTC disabling system is
deactivated during the test by a relay. Power is sup-
plied to the test system from the fuselage DC bus.

Engine Fire Emergency Control Handles.

The fire emergency control handles (figure 1-57) are
located on the overhead control panel. Each handle
contains overheat warning lights and fire detection
warning lights. Normal position of the handles is in.
Reler to FIRE EXTINGUISHER SYSTEM in this sec-
tiun for additional informulinn on the fire emergency
control handles.
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ENGINE INSTRUMENTS.
Torquemeters.

Each of the four torquemeters (figure 1-15 indicates
torque in inch-pounds,and can indicate either positive
or negative torque. When reading positive torque, the
indicator hands are read together. When reading neg-
ative torque, the small indicator must be read in re-
verse. The difference between 1,000 and the small
indicator hand reading is theindicated negative torque.
(Example: with the large indicator hand showing
-1,000 and the small indicator hand reading 800, the
negative torque is -1,200.) The indicated torque is
detected at the extension shaft between the engine
power section and reduction gear assembly. Fach
torquemeter system uses both 115-volt, single-phase,
and 26-volt, AC power supplied through circuit break-
ers and fuses on the main AC distribution panel,
On airplanes modified by T.0. 1C-130A-648 (which have

a transistorized system), 115-volt, single-phase, AC power
is used.

Tachometers.

Each of the four tachometers (figure 1-15) indicates
engine speed in percent of normal engine RPM. Nor-
mal RPM (100 percent) equals 13,820 engine rpm. A
vernier dial on each indicator makes it possible to read
to the nearest percent. The tachometers are self-
powered.

TIT (Turbine Inlet Temperature) indicators,

Each of the [IT indicators !ligure 1-15) indicates
temperature sensed by therniocouples in the engine
turbine inlet casing. Each indicator contains a vernier
scale which registers temperature in degrees centi-
grade. Single-pha%e, 115-volt power for the indicator
systems is supplied through circuit breakers on the
main AC distribution panel. A test switch (figure 1-15)
on the panel next to the indicators is provided for
testing indicator operation. Power for operation ol
the test system is supplied through the DC fire detec-
tor test relay circuit breaker on the flight station
distribution panel.

Fuel Flow Gages.

Eachof the jour fuel flow gages (figzure 1-15) indicates
flow in puunds per hour. Flow is measured at the
point where it enters the manifold on the engine.
Single-phase, 26-volt power is supplied to the indi-
cator systems through fuses on the main AC distri-
bution panel.

Fuel Pressure Warning Lights.

Four fuel pressure warning lights (figure 1-21) are

located on the fuel control panel. On some earlier
airplanes,they are labeled PRESS. WARN; onall other
airplunes, they are labeled LOW PRESS. Each light
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is turned on by a pressure switch when fuel supply
pressure at the point where fuel enters the engine
pump falls below approximately 8.5 PSI. When on, a
light indicates a possible booster pump failure, valve
failure, fuel line failure,or a malfunctioning pressure
switch. The lights are energized by DC power supplied
through a circuit breaker on the [light station distri-
bution panel.

Secondary Fuel Pump Pressure Lights.

Four secondary fuel pump pressure lights (fig-
ure 1-14) are located on the engine starting panel.
Each light is controlled by a pressure switch on the
engine fuel pump and filter assembly. The light is
normally on while the two gear pumps in the assem-
bly are operating in parallel during engine starting
(16 percent to 65 percent RPM). The light also illum-
inates at any other time if the pump paralleling valve
is not open or if the primary gear pump fails. If the
light does not illuminate during starting, either the
pump paralleling valve has notclosed or the secondary
pump has failed. The four lights are energized by DC
power supplied through a circuit breaker on the flight
station distribution panel.

Qil Temperature Gages.

The four oil temperature gages (figure 1-15) indicate
oil temperature in the oil inlet lines., The DC,
electrical-resistance type indicators receive power
through an oil temperature indicator circuit breaker
on the flight station distribution panel.

Oil Pressure Gages.

Four dual oil pressure gages (figure 1-15) register
oil pressure for both the engine power sections and
reduction gears. The rear pointer on each indicator
shows reduction gear oil pressure; and the front
pointer indicates power section oil pressure. Single-
phase, 26-volt AC power for the indicator systems is
supplied through fuses on the main AC distribution
panel.

Note

On some airplanes a fluctuation of engine oil
pressure (power section and gear section)
may be experienced during movement of the
flight controls. This is due to vibrations
caused by the hydraulic in-line pressure
filter which is connected to a common sup-
port with the engine and gear section 0il
pressure transmitter. This engine oil pres-
sure fluctuation will also be dependent upon
shock mounting of the oil pressure trans-
mitter on some airplanes, See Section V for
oil pressure fluctuation limits,
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Oil Quantity Gages.

Four oil quantity gages (figure 1-15), one for each
engine oil system, are located on the engine instru-
ment panel. Each instrument is calibrated from E
(empty) to F (full) in increments of 2 gallons each,
The indicators are energized by 28-volt DC power
through the engine oil quantity eng 1,eng 2,eng 3, and
eng 4 circuit breakers onthe copilot's circuit breaker
panel.

Low Oil Quantity Warning Light.

A low oil quantity warning light (figure 1-15) is lo-
cated on the engine instrument panel to the left of the
oil quantity indicators. The light is electrically cun-
nected to each oil quantity indicator transmitter and
will glow when an oil tank quantity level drops to ap-
proximately 3.25 gallons in 8-gallon tanks and 4.0
gallons in 10-gallon tanks. The light will be ener-
gized only on the firstengine tohavea low oil quantity.
The warning light is energized by 28-volt DC power
through the engine oil quantity lights circuit breaker
on the copilot's circuit breaker panel.

Oil Cooler Flap Position Indicators.

Four oil cooler flap position indicators (figure 1-15),
one for each engine cil system, are located on the
engine instrument panel. The indicators are elec-
trically connected to position transmitters that are
geared to the oil cooler flap door actuators. The indi-
cator dials, calibrated from 0 to OPEN in increments
of 10 percent, indicate the precent of opening ol cooler
flap doors. The indicators are energized by 28-vull
DC power through the oil cooler flap No. 1,2, 3, and
4 circuit breakers from the rh and lh wing buses in
the main power distribution box.

PROPELLERS.

Each engine drives an Aeroproducts, three-hlade,
electro-hydraulic, full-feathering, reversible-pitch
propeller. This propeller is capable of operating
either as a controllable-pitch propeller for engine
starting and taxi operations or as a constant-speed
unit for ground or flight operation. The propeller
assembly consists of hub, blades, regulator, master
gear assembly, feather pump and reservoir, and
spinner. With each propeller, an electronic governor
system is provided as a control system component,
The electronic governor system supplements the
hydraulic governing of the propeller to help stabilize
constant-speed governing and to make synchronization
of propellers possible. The propeller regulator 15 Lhe
blade angle control unit of the propeller. It contains
control components and pumps of a hydraulic system,
which is completely contained withinthe propeller as-
sembly. The regulator controlsthe flow and pressure




of hydraulic fluid which drives torque units in the
hub. The torque units position the blades. The elec-
tric motor-driven feather pump supplies hydraulic
pressure for changing blade angle while the propeller
is stationary and to assist infeatheringand unfeather-
ing when the gear pumps in the regulator are driven
too slowly to produce sufficient pressure. The master
gear assembly synchronizes the angles of the three
blades. A low-pitch stop and a pitch lock are also
incorporated in the assembly as safety devices, The
low-pitch stop prevents the blades from turning to an
angle less than flight idle angle unless the taxi range
of operation is selected by throttle position. The
pitch lock consists of a spring-loaded ring with teeth
which engage teeth on the master gear when the en-
gine overspeeds, to prevent the blades from being
turned in a decreased-pitch direction. The ring is
forced todisengage [romthe master gear by hydraulic
pressure applied through a pitch lock control valve
when the propeller is turning at normal speeds. When
the engine overspeeds to approximately 104 percent
RPM, the pitch lock control valve is actuated by cen-
trifugal force, allowing the hydraulic pressure to
vent, This allows the spring-loaded ring to engage
the master gear. When pitch lock is suspected, veri-
fication may be made by slowly advancing or retard-
ing the throttle. RPM will follow throttle movement
if this condition exists. Electrical anti-icing and de-
icing elements are installed on each propeller.

Note

The pitchlock is mechanically cammed out
below 10 blade angle or above 50 blade
angle.

HYDRAULIC CONSTANT-SPEED GOVERNING
SYSTEM.

The constant-speed governing system is an integral
part of the propeller regulator. A constant-speed
governor in the regulator controls the flow of hy-
draulic fluid to and from the blade torque units to
position the blades. A speed-sensitive piston in the
governor reacts to centrifugal force and positions
a distributor valve piston in the governor assembly
to port hydraulic pressure to the torque units. The
centrifugal [orce is opposed by an adjustable governor
spring so that the speed-sensitive pistonisin a neutral
positivn when the propeller is turning at normal speed.
When an off-speed coundition occurs, the piston is
displaced from neutral; and the governor ports fluid
to and from the torque units so that they change blade
angle as required to correct the off-speed condition.
When propeller speed is at normal, the governor
closes its ports so that hydraulic pressure holds the
torgue units in position. While in gdverning operation,
the propeller has the capability of varying blade angle
between [light idle to full feather angles.

ELECTRONIC PROPELLER GOVERNING
SYSTEM.

The electronic propeller governing systems provide
for acceleration-sensitive stabilizing of each pro-
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peller and synchronization of the four propellers.
Each electronic governing system consists ofan elec-
tronic governor under the [light station, and engine-
driven signal alternator, and a solenoid valve in the
propeller regulator. Control circuits are alsu pro-
vided to interconnect the governing systems fur syn-
chronizing the propellers. The electronic governors
use 115-volt, unregulated AC power supplied through
circuit breakers on the main AC distribution panel.

Acceleration-Sensitive Stabilizing System.

The acceleration-sensitive stabilizing system sup-
plements the action of the hydraulic constant-speed
governing system inthe propeller regulator to further
stabilize engine speed control, The hydraulic constant-
speed governor senses the magnitude of engine speed
change and corrects blade angle accordingly. The
stabilizing system senses both magnitude and rate
of speed change; and because it is sensitive (o rate
of change, it can oppose and dampen the changes
sensed. The stabilizer circuits in the electronic
governor sense speed change from the magnitude and
frequency of the output of the engine-driven signal
alternator. While engine speed is changing, the sys-
tem produces an electrical signal tu control the
solenoid valve in the regulator. The solenocid valve
ports hydraulic fluid to and from the turque uniis
which drive the blades, Since the valve may add 1u
or subtract from the fluid [low provided by the
constant-speed governor, the valve and guvernor work
together in correcting a change in engine speed. The
solenoid valve functions while the speed is changing
to oppose the change,and the governor functions while
the off-speed condition exists to return the speed tu
normal. The maximum amount of {luid which can be
ported by the valveislimited so that lossofthe stab-
lizing system does not adversely affect propelle:
operation.

Synchronizing System.

Components of the electronic governing system are
also used for control of propeller synchronization.
Either the No. 1 or No. 2 propeller may be selected
as the master. When in synchronizing operation, the
signal output of the engine-driven alternator on the
master engine is applied to synchronizing circuits

in the electronic governor for each slave propeller.
This signal serves as the reference speed signal for
the synchronizing circuits. The actual speed signal
output of each slave engine alternator is compared
with the signal output of the master engine alterna-
tor. If there is a difference between the speeds of
the master engine and slave engines, the electronic
governors of the slave engines accordingly adjust their
signal output which is being fed to the solenoid valve
in each slave propeller regulator. The valves are
operated as required to change blade angle until the
out-of-syne condition is corrected. Response of the
synchronizing circuits is much slower than response
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of the stabilizing circuits of the electronic governor:
therefore, only a prolonged out-of-sync condition
results in a blade angle change. In the event that the
selected master engine is shut down and the other
master is not selected, the RPM of the slave engines
will drop a maximum of two percent. DC power for
operationof the synchronizing system switching relays
is supplied through a master engine selector circuit
breaker on the copilot's circuit breaker panel.

TAXI-RANGE CONTROL SYSTEM.

For taxi-range operation, propeller blade angle is
selected by positioning the throttle between FLIGHT
IDLE and REVERSE. Since engine speed is almost
constant for ground operation, changing blade angle
either increases or decreases thrust as necessary
to control taxi speeds. The speed-sensitive piston
in the constant-speed governor in the propeller reg-
ulator is positioned by mechanical linkage in the taxi
range rather than by centrifugal force as in the flight
range, to control the flow of hydraulic fluid to and
from torgue units to effect blade angle changes. A
control lever on the propeller regulator is linked
through the engine control ccordinator to the throttle,
and its position corresponds to throttle position.
When the lever moves, the motion is transmitied
through a carriage in the regulator to reposition the
speed-sensitive piston in the governor. The governor
then ports hydraulic fluid to the torque units to drive
blades to the selected position. As the blades turn,
a feedback shaft driven by the propeller master gear
drives a carriage which returns the speed-sensitive
piston toward its neutral position and the blades are
stopped and held at the selected angle. When the
throttle is above FLIGHT IDLE, the control linkage
is moved away from the speed-sensitive piston in
the governor so that it can be positioned by centrif-
ugal force, and constant-speed governing is in effect.

CONDITION LEVER FEATHERING AND
UNFEATHERING.

Feathering of a propeller may be controlled by the
engine condition lever. Movement of the condition
lever to FEATHER causes the engine control coordi-
nator to disengage the throttle control linkage and to
transmit the motion of the condition lever to the con-
trol lever on the propeller regulator, As a result, the
speed- sensitive piston inthe constant-speed governor
is set to its full increase-pitch position, and it is
held in that position by the control mechanism. The
electric motor-driven feather pump is turned on during
the feather cycle. The motor supplies hydraulic pres-
sure and flow through the constant-speed governor
to the blade torque units to drive the blades to the
feather stops after the output of pumps in the pro-
peller regulator falls off when propeller rotation is
reduced to approximalely six percent RPM. A timing
relay cuts off the feather pump to prevent continuous
operationafter the blades reach feather angle. During
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unfeathering in flight, the feather pump is energized
when the engine condition lever is held in AIR START.
The speed-sensitive pistonin the constant-speed gov-
ernoris released from control by the engine condition
lever, and it is forced to its decrease-pitch position
by the governor spring. Hydraulic fluid [rom the
feather pump then flows through the governor to the
torque units to drive the blades in a decrease-pitch
direction. Releasing the condition lever to run will
stop the feathering pump. The output of pumps in the
regulator is sufficient at 10 percent RPM to continue
the decreaseofblade angle. Asengine speed increases,
the constant-speed governor inthe propeller assumes
control of blade angle to maintain 100 percent engine
RPM. Three-phase AC power for operatiunof the pru-
peller feather pumpsis supplied through feather pump
motor circuit breakers on the main AC distribution
panel. Power for control of the pumps is supplied
from the prop and engine 28-volt, DC bus through
feather motor control circuit breakers on the copilot's
circuit breaker panel.

ENTC (ENGINE NEGATIVE TORQUE CONTROL)
SYSTEM.

Note

Very high windmilling drag upon sudden loss
of turbine poweris a problem in propjet air-
craft operation. High windmilling drag re-
sults when the compressor absorbs a greal
amount of power. If a power failure is ex-
perienced in flight at high speed, the engine
starts to slow down; and the propeller, sensing
RPM, reduces blade angle and drives the
compressor, trying to bring it up to speed.
A sudden reversal of propeller thrust could
result in high structural loads on the tail of
the airplane and loss of directional control.
To protect the airplane, two safely devices
are provided: the negative torque control
system, which increases blade angle of the
propeller, and the safety coupling, which can
decouple the propeller and reduction gear
from the power scetion of the cozine upon
failure of the power section.

The engine negative torque control system provides a
mechanical signal to limit negative torque. Negalive
torque is encountered when the propeller attempts to
drive the engine. If notrelieved, this condition creates
a great amount of drag, causing the airplane to yaw.
The ENTC system consists of an actuating mechanism
housed partly within the reduction gear assembly and
partly in a signal assembly on the nose of the reduc-
tion gear case. It operates when a negative torque is
applied to the ring gear. The ring gear then moves
forward against springs as a result of a torque re-
action generated by helical splines. In moving for-
ward the ring gear pushes a plunger through the nose
of the gearbox. The plunger pushes against a cam
in the signal assembly to actuate control linkage




connected to an NTS lever on the propeller regulator.
When a negative torque signal is transmitted to the
propeller, the propeller increases blade angle to
relieve the condition. II the negative torque is suf-
ficiently reduced, the signal mechanism returns to
normal. Engine torque may decrease to the negative
torque signal range in flight during FLIGHT IDLE,
low-speed conditions and can be relieved by ad-
vancing the throttle on the affected engine.

Note

The ENTC signal does not commit the pro-
peller to feather.

ENTC (ENGINE NEGATIVE TORQUE CONTROL)
DISABLING SYSTEM.

A disabling system is provided to deactivate the engine
negative torque controlsystem for an engine when the
throttle is retarded below FLIGHT IDLE. The sys-
tem prevents an ENTC signal in the ground handling
range, and the ENTC signal on one or moreengines
while the propellers are moving towards full reverse
blade angle. This will cause positive thrust on some
propellers and negative thrust on others resulting in
control problems. When the solenoid is energized,
it rotates the cam in the signal assembly. Whilé the
cam is thus rotated, negative torque signals are not
transmitted to the propeller. The lockout solenoid is
energized by DC power supplied through an ENTC
lockout solenoid circuit breaker on the copilot's cir-
cuit breaker panel., The solenoid cannot be energized
il the engine throttle is in governing range or if the
ENTC test switch is in TEST position.

Note

While the throttle is forward of FLIGHT
IDLE, the ENTC system functions normally.

FIRE EMERGENCY CONTROL HANDLE
FEATHERING SYSTEM.

An emergency [eathering system is provided to feather
a propeller when the fire emergency handle for the
engine is pulled. An emergency feathering solenoid
on the engine reduction gear is linked to the engine
negative torgue signal linkage and, when energized,
drives the NTS lever on the propeller regulator to
its feather position. The constant-speed governor in
the propeller regulator is thus set for increase pitch
in the same way thal il is actuated as a resull of a
negative torque signal, At the same time that the
feather solenoid is energized, the feather pump is
turned on to provide hydraulic pressure to drive the
propeller blades all the way to the feather stops
alter internal pump pressure drops off. The electric
leather pump is turned off by a timer relay to prevent
continuous operation of the pump after the blades
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reach feather angle. Power for energizing the {eather
solenoid and feather pump control circuit is supplied
from the prop and engine DC bus through emergency
feather solenoid and emergency feather timer circuit
breakers on the copilot's circuit breaker panel,

FLIGHT-IDLE SOLENOID STOP.

The flight idle solenoid stop is a safety device which
prevents the control lever on the propeller regulator
from moving into the ground operating range if the
control linkage becomes disconnected or broken while
in flight. If control linkages for the propeller become
disconnected or broken while in flight, this contrul
lever could creep into its ground vperation range and
affect propeller governor operation in a way that would
cause the blades to turn to a low angle or reverse,
This could cause uncontrollable overspeed and severc
yaw. The solenoid stop prevents this by stopping the
lever when it reaches its flight idle pusition: there-
fore, the propeller could govern normally with con-
trol linkage disconnected and can be feathered by
operation of the fire emergency control handle.
The solenoid stop is energized and retracls as a
result of operation of a throttle-actuated switch w0
permit taxi-range operation of the propeller. In case
of electrical failure or other malfunction, the solenovid
stop canbe overridden for ground vperationby sharply
pulling the throttle through the stop. Power for opera-
tion of the solenoids is supplied [rom the prop and
engine DC bus through flight idle stop solenoid circuit
breakers on the copilot's breaker panel.

PROPELLER CONTROLS.

All propeller controls arelocated on the flight control
pedestal. The throttles and engine condition levers
affect both propeller and engine operation. Only their
effect on propeller operation is discussed here: their
effect on engine operation isdiscussed under ENGINES
in this section.

Throttles.

Each throttle (figure 1-10) is mechanically linked
through an engine control coordinator {uv a contrul
lever onthe corresponding propeller regulator. When
the throttle is inthe governing range, between FLIGHT
IDLE and TAKE-OFF positions, this control lever
moves with the throttle but the internal linkage is
withdrawn [rom the speed-sensitive piston in the pro-
peller governor and dues not affect propeller governing.
When the throttle is in the taxi range, any movement
of the throttle is transmitted by the controllever on
the propeller regulator to the speed-sensitive piston
in the propeller governor to select a new blade anglc.
The low piteh stop in the propeller master gear as-
sembly is withdrawn when the throttle is lifted intu
taxi range and allows blades to turn to lower angles,
Blade angle decreases as the throttle is moved alt, and
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the maximum negative angle is reached when the
throtile is AT MAXIMUM REVERSE. Approximate
minimum thrust angle is obtained when the throttle
is at GROUND IDLE. A throttle also actuates switches
when it is moved from the governing range to the
taxi range. One of these switches opens a DC relay
circuit to prevent transmission of control signals
from the electronic governor to the solenoid valve
in the propeller regulator during ground operation.
A second switch closes a circuit to energize the
flight idle solenoid stop, which then releases the
control lever on the propeller regulator so that the
throttle can be pulled into taxi range. A third switch
closes a circuit to energize the lockout solenoid in
the engine negative torque control disabling system,
The engine negative torque control system is thus
disabled for the landing roll after touchdown.

Engine Condition Levers.

Insofar as propeller control is concerned, the engine
condition levers (figure 1-10) serve as feathering
and unfeathering controls. Each lever is mechanically
linked to the engine control coordinator, which trans-
mits the motion of the lever only when it is moved
to FEATHER position. Wher pulled to FEATHER, the
condition lever also actuates switches to turn on the
electric feather pump on the propeller. As a result
of pulling the condition lever to FEATHER, the pro-
peller is feathered as described under NORMAL
FEATHERING AND UNFEATHERING. I the engine

SYNC MASTER SWITCH
ELECTRONIC PROP GOVERNOR
SWITCHES

ENTC TEST LIGHTS

ENTC TEST SWITCH

Fold Baies

condition lever is pushed forward from FEATHER
position, the feather pump timer is resel, and the
feather pump can then be turned on again by pulling
the condition lever back to FEATHER. While the
engine condition lever is in FEATHER, il alsu ac-
tuates a switch which disables the propeller elec-
tronic governing system. For unfeathering, the enginc
condition lever is held in AIR START position. A

switch is then actuated to turn on the propeller
feather pump, and the pump continues operating as
long as the lever is held in position. In AIR START
position, the lever also uperales a switch which culs
out the propeller elecironic¢ governor systeni. When

the condition lever is in GROUND STOP ar RUN
position, the propeller is controlled normally: and
the lever has no effect on ils operalion.
Electronic Prop Governor Switches.

The electronic prop povernor switches (higure 1-11,

are located on a pancl on the flight control pedestial,
Each switch has ON, OFF,and SYNC positions. When
a switchis inON position, il turns onthe acecleralyon-
sensitive stabilizing syslem lor the propeller il th
throttle is in governing range and the condition leves
is at GROUND STOP or RUN. If the switeh is a

OFF, the electronic governing circuil continues to
operate as long as AC power is availuble, but jts
output signals are not transmiticd Lo the solenoid
valve in the propeller regulator. The propeller will
govern at constant speed with the hydraulic governor

electronic prop governor
and entc test panel

4 308~ -33-3 3

Figure 1-16.
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alone, Flight may be continued with the switch in
OFF position without the benefits of electronic gov-
erning. If a switch is positioned at SYNC, the elec-
tronic governor for the propeller retains its stabilizing
control and also switches in synchronizing circuits
which control synchronization of the propeller to
a master. The master propeller operates with
acceleration-sensitive stabilizing only, regardless
of whether its electronic governor switch is at ON
or SYNC. Power to the switches is supplied from the
prop andengine bus through the feather motor control
circuit breakers,

Synch Master Switch.

The sync master switch (figure 1-16) is on the same
panel with the electronic prop governor switches. It
has ENG. 1 and ENG. 2 positions, and is used to se-
lect either engine No. 1 or No. 2 as the master when
propellers are to be synchronized. Electronic governor
switches for the other propellers must be in SYNC if
the propellers are to be synchronized to the master.
Slave engines will synchronize to the selected master
while the electronic governor switch for the master
engine is in any position.

OIL SYSTEM.

Independent oil systems, one for each engine, supply
lubrication to the engine gearboxes and power sections.
An oil tank is located in each nacelle above the en-
gine and has an 8-gallon usable oil capacity, plus an
additional 2-gallon expansicn air space. On some air-
planes, each oil tank has a capacity of 10 gallons, plus
an additional 2 gallons expansion air space. The oil
feeds from the tank into the gearbox and power sec-
tion of the engine, where it is picked up by engine-
driven pumps and driven through a heat exchanger and
oil cooler back into the oil tank. Heat from the oil
passing through the heat exchanger prevents ice from
forming in the fuel line io the engines. Air flowing
through an oil cooler duct and over the coils of the
oil cooler absorbs excess heat from the oil. A thermo-
static element, located in the oil tank return line, con-
trols the oil temperature by regulating the amount of
air flowing through the oil cooler duct. Refer to the
general arrangement and servicing diagram for oil speci-
fications and grades.

OIL TANK PRESSURIZATION SYSTEM.

An engine oil tank pressurizing valve controls the out-
flow of air which is released from the engine scavenge
oil as the oil returns to the tank., This released air
keeps the tank pressurized to a 3.5 psi differential at
altitudes above approximately 22,000 feet. Below ap-
proximately 22,000 feet the tank is partially pres-
surized, while at altitudes below 10,000 feet, the tank
pressurization valve vents the released air into the
overboard drain.
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Note

Oil tank filler caps must be securely locked
for satisfactory operation of the system. An
unsecure cap will cause air leakage and cor-
responding drop of gear box oil pressure when
climbing to altitude above approximately 22,000
feet.

OIL SYSTEM CONTROLS.
Oil Cooler Flap Switches

Airflow through the oil cooler is governed by a con-
trollable oil cooler flap which restricts the opening
of the oil cooler air exit duct. Four four-position
(AUTOMATIC, OPEN, CLOSE, FIXED) toggle switches
are located on the engine starter control panel (fig

ure 1-17) of the overhead control panel.  These

switches control the electrical circuits of the oil
cooler flap actuators. When any of the four switches
is in AUTOMATIC position, the position of the ovil
cooler flap is regulated by a thermostatic unit to
cuol the oil to approximately 80°C (176°F). In the
OPEN or CLOSE positions (spring-loaded), the ther-
mostat is excluded from the circuit, and the actuator
is directly energized to open or close the oil cooler
flap. When the switch is moved to the FIXED posi-
tion, the flap actuator is deenergized and the flap
will remain in the position it was in prior to moving
the switch. Moving the switch to the AUTOMATIC
position provides for all normal operations. OPEN,
CLOSE, and FIXED positions are used to control the
oil cooler flap actuator manually if the thermostatic
control unit fails. The oil cooler [lap switches are
energized by 28-volt, DC power through vil cooler
flaps No. 1, 2, 3, and 4 circuit breakers (rum the lh
and rh wing buses in the main power distribution box.

Fire Emergency Control Handles.

Four motor-operated tank shutoff valves provide an
emergency means of shutting off oil flow to the engines
when the fire emergency control handles are pulled. The
four valves receive 28-volt DC power from the isolated
DC bus through engine 1 & 4 and engine 2 & 3 eng
fire control shutoff valves air & oil circuit breakers on
the main power distribution box and the engine fire
control shutoff air & oil circuit breakers on the copilot’s
circuit breaker panel. Refer to FIRE EXTINGUISHER
SYSTEM in this section for other functions of the fire
emergency control handles.

FUEL SYSTEM.

The fuel system is a moditied manifold flow type,
incorporating a fuel crussfeed system and a single
point refueling and defueling system. The system
provides fuel supply for the [our engines and the gas
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oil cooler flaps S
switch panel

Figure 1-17.

turbine compressor. It is adaptable to a number ol
flow arrangements (figure 1-18 and 1-19). Plumbing,
control, and indicator systems for external tanks are
included in the fuel svstem. External pylon tanks
are provided for some airplanes. The existing exter-
nal system controls and indicators on the fuel con-
trol panel and the single point refueling panel are
not installed and are therefore inoperative. All con-
trols and indicators f[or the 450-gallon pylon tank
system now in use are located on the pylontanks fuel
control panel (figure 1-21). Fuel from the pylon
tanks can be pumped into only the inboard internal
tanks to replenish the fuel as it is used from these
tanks. Fuel used must conform to the specification
and grade listed in the servicing diagram at the be-
ginning of this section. The total usable capacity of
the fuel tanks is shown in figure 1-20. For system
management, see Section VII, SYSTEMS OPERATION.
Airplane limitations resulting from the use of alter-
nate fuels are discussed in Section V.

Note

The fuel capacity will be reduced by ap-
proximately 5 percent when polyurethane
foam baffles are installed. The fuel gauges
will be recalibrated to reflect the fuel ca-
pacity change.
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FUEL FLOW.

Fuel from internal wing tanks may be supplied directly
to the engine located immediately inboard of each tank
or, by means of the crossieed manifold, to all of the
engines. When sufficient fuel has been used from the
inboard internal tanks the fuel pumps for both pylun
tanks may be turned on to pump fuel from the py-
lon tanks into the inboard internal tanks through
connections made in the inboard tank refuel lines
(figure 1-18). The pylon tank system does not pro-
vide fuel quantity or flow gages, and a no-flow light
is all that is provided to indicate when the pylon
tanks are empty.

Fuel for operation of the auxiliary power plant on air-

planes AF53-3129 through 55-0014 is supplied from
either of the inboard internal tanks. Fue! for oper-
ation of the auxiliary power plant on airplanes
AF55-0029 and up may be supplied from any tank,
through the crossfeed manifold. For description of
the auxiliary power plant, see AUXILIARY EQUIP-
MENT, Section IV.

REFUELING AND DEFUELING.

All internal fuel tanks may be refueled or defueled
from a single point, ground refueling and defueling
receptacle, located in the right landing gear fairing.




NOTE

Retueling, defueling, ond internal
tuel transfer are only possible ws
ground operations.
transfer, in the air is possible only

Internal fuel

trom the pylon tanks,

[
O
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fuel system
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AIRPLANES AF53-3129 THROUGH 55-0014
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AIRPLANES AND AF55-0029 AND UP
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¢ fuel quantity data table

F LY -RVICED
FULLY SERVICED HLLY SERVIC

USABLE FUEL THROUGH USABLE FUEL
TANK [ !
" S?EiLEELTSéNI LEVEL FLIGHT INDIVIDUAL " LEVEL FLIGHT
FILLER PORTS
oas | es | omis | o5 | cais | s |
INTERNAL TANK NO. 1 1348 8762 1335 8678 1373 8925 1360 8640
(1275}  (8288) (1262) (8203) (1342) (8723) 11329) (8639)
PYLON TANK NO. 1 450 29125 445 2892
BT STl : 1428) (2782! 423)  (2750)
INTERNAL TANK NO. 2 1203 7820 1190 7735 1278 8307 1265 8223
f (11250 (7313)  (1112) (7228} f1221) (7937) 1208 7852)
INTERNAL TANK NO. 3 1203 7820 1190 7735 1278 8307 1265 8223
(1125) (7313) (1112)  (7228) (1221 (7937 (1208 (7852)
INTERNAL TANK NO. 4 1348 8762 1335 8678 1373 8925 1360 8840
(1275) (8288) (1262) (8203 11342 (8723! 11329 (8639
as50 2925 3145 2892
PYLON TANK NO. 2 (428) (2782, 423 12750
TOTAL USABLE 5050 32826 6202 40314 6140 39910
3 ) 84) \ S )
(4748) (30862) (5982 3gs 5920 38482
3 TOTAL USABLE 6140 39910
e DATA BASIS CALCULATED BASED ON 6 5 POUNDS PER
GA.LON OF JP4 FUEL FOR ICAO STANDARD DAY
" LEVELFLIGHT ATJ NOSE UP ATTITUDE
NOTE
VALUES IN PARENTHESES
DENOTE AIRPLANES MODIFIED
BY T.0.1C 130831
€
¥ Figure 1-20
Fuel is routed from the single point receptacle tanks is transferred into the inboard tanks bv a 28-volt,
through the refueling manifold. Each tank has a DC motor-driven suction pump through connections made
separate suppl_\' line from the manifold and each sup- in the refuel line of the inboard internal tanks. Each line
pl\ ]int. has a n)o[_or-oppratpd _qhuLofr valve. Refuel- from a p_\’lOll Lalihs 1o an inboard fuel tank has Lwo
ing is controlled at the single point refueling control f:l‘u’ck‘]\'al\-'n?‘(‘Whit'};t Pri‘f'it’“t LT(‘V?SE*I PUf ﬂO‘-;‘ fmt:ﬂ }_hf'l
panel. located above the refueling receptacle. As an internal tanks to'the pylon tanis. TOWEr 1ok e tue

pumps is supplied by the main DC bus through pylon
tanks circuit breakers in the main DC power distribu-
tion box. The pvlon tanks are not jettisonable.

alternate method. tanks may be fueled separately
through a filter opening in the top of each tank.

@%’ The pvlon tanks can be fueled only through the fil-
ler port on the top of each tank, near the pylon

strut. I WARNING I

PYLON TANKS (SOME AIRPLANES). Pvion tanks do not have foam installed
The addition of one 450-gallon pylon fuel tank on each a .(I_.mu.sl be removed before flving combat
wing will increase the maximum range of the airplanc by rssions.
approximately 325 miles for ferry and deployment mis- .
sions. The weight of the airplane has been increased by Pylon Tank Flow Switch.
670 pounds with the pvlon tanks empty. or by 6,520
%3 pounds with the tanks filled with JP-4 fuel at a density Each Line from a pvlon tank to an imternal tuel wank 1s
= of 6.5 pounds per gallen. The fuel from the pylon provided with a [low switch, When there is no 1w
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through the line, this switch closes a circuit to cause
a no flow indicator light on the pvlou tanks fuel con-
trol panel to illuminate, provided the pylon tank pump
switch remains on.

Pylon Tank Boost Pumps Relief Valve.

Each pylon tank boost pump is equipped with a relief
valve, which is located on the right side of the pump.
A cutaway section in the right side of each pylon
leading edge assembly provides for installation of the
relief valve. The valve relieves pressure at 17 PSI

in the pvlon tank fuel pump by allowing fuel to be
recirculated within the pump when there is a fuel line
stoppage or when a dual-float control valve in the in-
ternal tank is closed.

Pylon Tanks Fuel System Controls.

All controls for in-flight managing of the fuel for the

pylon tanks are contained on the pylon tanks fuel con-
trol panel. None of the controls on the overhead fuel

control panel have been altered, and none of the ex-
ternal tank provisions on this panel operate for the
pylon tanks system on some airplanes.

Pylon Tanks Pump Switches.

Twou pylon tanks pump switches are located on the
pvlon tanks fuel control panel to control the pylon
tank fuel pumps. The pylontanks pump switches close
relay circuits to route 28-volt, DC power from the
main DC bus tu the pumps. Circuit protection is pro-
vided by the pylon tanks boost pump and the pyvlon
tanks boost pump control circuit breakers on Lhe
main DC power distribution box.

Pylon Tanks Fuel System Indicators.

Warning lights on the pylon tanks fuel control panel
give a continuous visual indication of the fuel situation
in the pvlon tanks. There are no individual fuel
quantity gages for the pylon tanks, and the fuel in
the pylon tanks is not included in the indication of
total fuel quantity indicator on the fuel control panel.
The amount of fuel in the pylon tanks can be com-.
puted by multiplying the pumping rate of the pumps
by the length of time they have been on.

Pump On Lights.

Two pump-on press-to-test indicator lights. one for
each pylon tank, are located on the pylon tanks fuel
control panel. These lights illuminate when Lhe pylon

tank pumps are turned on, and they remain illuminated

until the pumps are turned off.
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No Flow Lights.

Twou no flow press-to-test indicator lights on the
pvlon tanks fuel control panel, one for each pylon
tank, are the only means of indicating insufficient
fuel flow from the pylon tanks. When there is no fuel
flow through the flow switch in the line from a pylon
tank to an inboard tank,orif the flow is of insufficient
rate (less than 2.5 gallons per minute), the switch
closes and completes the indicator light circuit to

light the corresponding tank no flow light. The two
pylontank systems are completely independent of each
other: but, as the pumping rate of each pump is ap-
proximately 5.0 gallons per minute, the indicator
light for each pylon tank should illuminate approxi-
mately 90 minutes after the pump is turned on. The
lighting of a no flow light does not necessarily mean
an empty tank, but it could mean that fuel is not flow-
ing [rom the pylun tank to the inboard tank at the
proper rate. The pump pressure may be tested by
using the pump operation test switch on the pvlun
tanks fuel control panel. The no flow lights are wired
in parallel with the pump-onlights and will illuminate
only when the pump switches are in the ON position
and the fuel flow is insufficient. Therefore, when the
pumps are turned off, both the pumps on and the no
[low lights ecircuits will be opened, wund (he pross-to-
test feature cannot be used.

Pump Operation Test Switch and Indicator
Lights.

To test fuel pump operation, a pump operation tesl
switeh and two pump pressure indicator lights nave
been installed on the pylon tanks [uel control pancl,
When the switch 1s held in the TEST position lo:
approximately one minute, the pylon-tanks-lo-
inboard-tanks [uel lines are closed at the dual loat
valves in the internal tanks. If the booust pumps ar
operating to develop proper fuel pressure (approxi-
mately 13 to 15 PSI), the pump pressurc lehts and
the no flow lights should illuminate to indicate that
no fuel is flowing., The 28-volt, DC power for the
indicator lights 1s obtained from the main DC
through the pylon tanks boost pump and (he pvlon
tanks boost pump control circuit breakers on the
main DC power distribulion box.

INTERNAL TANKS.

There are four internal fuel tanks, one tank located
outboard of each engine. The tanks are integral units
of the wings, using the upper and lower surfaces as
tank walls. A check valve in the supply linefrom each
tank prevents reversal ol [low during crossfeed oper-
ations, Pressure to assure fuel [low [from the tanks
is supplied by boost pumps. One bouost pump is located
in the aft inboard corner of each tank and is driven
by 1157200-volt, 3-phase, AC. A scavenge pump,
located in the fore section of each tank and driven by
115, 200-volt, 3-phase, AC assures [uel supply to the

e




boost pump during alloperating conditions. Power for
all internal tank pumps is taken from the left- and
right-hand unregulated AC buses through the fuel boost
pumps power internal tanks circuit breakers in the
main power distribution box.

OTHER FUEL SYSTEM COMPONENTS.

Vent Valves.

Float-controlled vent valves allow escape of [ucl
vapors and air during single point refueling and
equalize all tank and surrounding pressures during
flight. Each internal fuel tank has two vent valves
one near the inbvard wall and the other near the out
board wall. The two vent valves of each tank are con-
nected to a vent line, which is routed overboard
outboard of the flaps.

Fuel Heaters.

A fuel heater mounted between the lower longerons
of each engine nacelle, is included in each engine
fuel system. The [unction of the [uel heaters is to
prevent icing of [fuel system components by trans-
ferring engine oil heat to the fuel being supplied to
the engines. Temperature to which the [uel is heated
is limited by a thermostatic bypass valve in the oil
core.

Fuel Strainers.

A fuel strainer for each engine fuel system is located
just ahead of the fire wall on each lower right nacelle
longeron. Fuel flow is from the fuel heater to the
fuel strainer,then to the engine. In addition to filter-
ing, the fuel strainer acts as a water sump [or re-
moval of water from the fuel,

FUEL SYSTEM CONTROLS.

Controls for in-flight management of the fuel system

are located on the fuel control panel, the pylon con-
trol panel, the auxiliary internal fuel control panel, or
the auxiliary fuel transfer panel (figure 1-21).

Boost Pump Switches.

Eight fuel boost pump switches (figure 1-21) are
locatedonthe fuel control panel. Four switches control
the internal tank boost pumps and scavenge pumps,
and four switchesare for the external tank boost pumps.
The internal tank boost pump switches route three-
phase, unregulated AC from the left-hand and right-
hand buses to the pumps. Circuit protection is supplied
by the fuel boust pumps power internal tanks circuit
breakers on the main power distribution box. The ex-
ternal tank pump switches are not used.

T.0. 1C-130(A)A-1

Tank-Selector Switches.

Four tank-selector switches (figure 1-21), are lo-
cated on the fuel control panel. These two-position
(EXT. TANK TO ENG., INT. TANK TO ENG.) ritary
switches route 28-volt DC [rom the wing buses to the
external tank control valves to open or close the
valves., Circuit protection is provided by the engine
fuel transfer circuil breaker on early model airplanes.

Crossfeed Valve Switches.

Four crossfeed valve switches (figure 1-21) art lo-
cated on the fuel control panel. These 2-position
rotary switches route 28-volt DC from the wing buses
to the motor-operated crossfeed valves. When the
switches are placed in the crossfeed position (switch
markings aligned with the fuel control panel markings),
the valve motors are energized to open the valves.
When the switches are placed in the off position (switch
markings at right angles to the panel markings), the
valve motors are energized to close the valves, In
case of power failure, the valves hold the jast ener-
gized position. Circuit protection is provided by the
engine crossfeed valves circuit breakers in the main
power distribution box.

Crossfeed Fuel Primer Valve Switch and Valve
Open Light (Airplanes AF 55-0029 and Up).

A press-to-actuate crossfeed fuel primer valve swilch
(figure 1-21) is located on the fuel control panel.
T'his switch, when depressed, actuates the motor-
drivencrossfeed fuel primer valve tu the open position,
This allows fuel to flow through the manifold into the
No. 2 internal tank, which removes any trapped air.
Releasing the switch actuatles the primer valve {u the
closed position. A press-to-test, valve-open warning
light (figure 1-21) is mounted immediately below
the primer switch. This warning light glows any time
the crossfeed fuel primer valve is in the open position.
Thus, if the system is working normally, when the
switch is depressed, the light comes on; when the
switch is released, the light goes out. Failure of the
light to operate in this sequence indicates a malfunc-
tion of the system. The primer valve circuit breaker
is on the main DC distribution panel. Power for the
light is supplied through a master warnlight breaker
on the wheel well junction box.

Fire Emergency Control Handles.

Fivefire emergency control handles, one for each en-
gine and one for the gas turbine compressor, are mount -
ed on the fire emergency control panel (figure 1-57).

These control handles whrn pulled, route 28-volt DC
power to the motor-operated cngine fire wall shutoff
valves and fuel control valves. The gas turbine com-
pressor fire emergency control handle routes 28-volt
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T.O.

fuel control panels

MAIN FUEL CONTROL PANELS

33-027-

1 304~ =3

(Sheet 1 of 2)

Figure 1-21.
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PYLON TANK FUEL CONTROL PANEL

AIRPLANE AF53-3129

AIRPLANES AF54-1623 THROUGH 55-0014
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%’ AIRPLANES AF55-0029 AND UP

Figure 1-21.
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1. C. G. PUMP SWITCH
2. C. G, PUMP TURN ON LIGHT

3. C. G. PUMP TURN OFF LIGHT

4. FUEL QUANTITY INDICATOR TEST SWITCH

5. EXTERNAL TANK FUEL QUANTITY INDICATOR
6. BOOST PUMP SWITCH

7. FUEL PRESSURE TEST INDICATOR

8. CROSSFEED VALVE SWITCH

9. CROSSFEED FUEL PRIMER VALVE SWITCH

10. CROSSFEED FUEL PRIMER VALVE OPEN LIGHT
11. TANK-SELECTOR SWITCH

12. EXTERNAL TANK EXPLOSION SUPPRESSION
ONE SHOT FIRED LIGHT

13. ONE SHOT FIRED PRESS FOR LIGHT OFF SWITCH
14. PRESSURE WARNING LIGHT

15. INTERNAL TANK FUEL QUANTITY INDICATOR
16. TANK EMPTY LIGHT

17. REFUELING PANEL ON LIGHT

18. TOTAL FUEL QUANTITY INDICATOR

19. INTERNAL TANKS PURGE SWITCH
AF53-3129 AND 54-1623

/\  AF53-3129 AND 54-1623

& AIRPLANES MODIFIED BY T.0.1C-130A-778.

EXTERNAL TANK PROVISIONS OMNTHE FUEL CONTROL
PANEL WERE PROVIDED FOR A TYPL GF PYLON TANK
NOT INSTALLED IN PRODUCTION. THEY ARE |NCPER-
ATIVE FOR THE PYLON TANKS PROVIDED ON AIKPLANLS
MODIFIED BY 7.0, 1C-1304-778. ALL CONTROLS FOR
THE PYLON FUEL TANKS PROVIDED ON THESE AIRPLANLS
ARE LOCATED ON THE PYLON TANKS FUEL CONTROL
PANEL.

§0hm =7 E 2]
(Sheet 2 of 2)
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DC power to the motor operated gas compressor fuel
supplv shutoff valve. The valves will be ri-positioned
when the fire emergency control handles iare pushed
in. In case of power failure, valves hold the last en-
ergized position. Circuit protection is provided by the
fire wall fire control shutoff valves fuel circuit break-
ers onthe copilot's circuit breakerpaneland the GTC
control circuit breaker in the main power distribution
box. Other functions of the handles are described un-
der FIRE EXTINGUISHING SYSTEM in this section.

GTC Fuel Tank Selector Switch (Airplanes
AF53-3129 through AF55-0014).

A gas turbine compressor fuel tank selector switch
(refer tu Seection IV) is prcvided on the gas turbine
compressor control pancl. The switch permits sel-
lection of rither No.2 or Nu. 3 fuel lank as the source
uf fuel for GTC operation. A sulenoid-operated valve
18 energized open by turning the switch to LH INT
or RH INT pusition. if the GTC control switch is in
START or RUN. Power to energize the valve is sup-
plied through the GTC control circuit breaker located
on the main DC power distribution panel.

FUEL SYSTEM INDICATORS.

‘ WARNING I

Fuel quantity indicators will not be removed
or changed in flight.

Quantity gages and warning lights are located on the
fuel control panel to give the crew a continuous, vis-
ual indication of the status of the fuel system.

Total Fuel Quantity Indicator.

A total fuel quantity indicator (figure 1-21) is located
in the center of the fuel control panel. The indicator
is electrically connected to eachof the fuel tank quan-
tity gages, through a ratio assembly and power unit,
and continuously shows the total fuel quantity (in
pounds) in the fuel tanks. Sinule phase 115-volt 400-
cycle regulated AC power o operate the totalizer is
taken from the single-phase bus. Circuit protection
is provided by the quantity totalizer circuit breaker
in the main power distribution box.

Fuel Quantity Indicators and Test Switches.

Eight fuel quantity indicators (figure 1-21) are lo-
cated on the fuel control panel. Each internal tank
indicator is connected to a capacitance gage in one of
the fuel tanks, and gives a continuous visual indication
of the pounds of fuel contained in that tank. Single-
phase 115-volt 400-cycle regulated AC power tooper-
ate the quantity indicators is taken from the single-
phase bus. Circuit protection is supplied by the fuel
quantity power units circuit breakers in the main
power distribution box. A guantity indicator test
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switch (figure 1-26) is provided to test the quantity
indicating system. The individual fuel guantity gage
press-to-test switch, when depressed, grounds the
power lead for that indicator, moving the pointer
toward zero. The total fuel quantity pointer will de-
tect the decrease and subtract an equal amount from
the totalizer indication. Failure of a pointer to move
toward zero when the press-to-test switchis actuated
indicates an indicator malfunction.

Tank Empty Lights.

Four tank empty lights (figure 1-21), one for each in-
ternal fuel tank, are located on the fuel control panel.
When an internal tank fuel quantity indicator pointer
indicates 400 (£200) pounds, a low-level switch in the
indicator turns on the light for that tank if the boost
switch is on. A tank empty light is extinguished by
turning OFF the fuel boost pump switch for the empty
tank. Circuit protection is provided by the int. tank
empty warning circuit breaker on the flight station
distribution panel. On airplanes AF53-3129 through
AF55-0046, the press-to-testlights can betested only
while corresponding boost pump switches are on. On
airplanes AF55-0469 and up, the press-to-test lights
can be tested with the boost pump switches off.

Refueling Panel On Light (Airplanes
AF55-0029 and Up).

A refueling panel on light (figure 1-21) is located on
the fuel control panel. The circuit to this press-to-test
light is completed by either or both of the following:
single point refueling master switch not off, ground
transfer valve not closed. Twenty-eight-volt, DC power
to operate the light is taken from the wheel well bus.
Circuit protection is provided by the master w.aming
light circuit breaker’ on the wheel well power junction
box.

Fuel Pressure Ground Test Indicator.

A fuel press. indicator (figure 1-21) is located on the
fuel control panel and is used to check out the [uel
boost pumps before flight. This indicator is electr-
cally connected to a fuel pressure transmitier. On
airplanes AF53-3129 through 54-1623, the pressure
transmitter measuresthe pressure supplied the No. 2
engine from the crossfeed manifold. On airplanes
AFb54-1628 and up,thetransmitter measures the pres-
sures of the crossfeed manifold. Thus, when the fuel
boost pumps are turned on individually, the pressure
supplied the crossfeed system by any pump is meas-
ured by the transmitter and shown by the indicator.
Single-phase, 26-volt, 400-cycle AC to operatc the
pressure indication system is supplied by the Nu. 1
instrument power transformer. Circuit protection is
provided by the fuel pressure indicator fuse in the
main power distribution box.




Note

This instrument is for preflight reference
when checking the fuel booster pumps with
the engines inoperative. Readings may be
used in flight to determine that the cross-
feed manifold has been pressurized by the
fuel boost pumps: however, gage markings
are not related to inflight pressure. Inflight
low pressure warning is supplied by the
pressure warning lights on the fuel control
panel. For description of the low pressure
warning lights, see ENGINE INDICATORS
in this section.

ELECTRICAL POWER SUPPLY SYSTEMS.

Three power systems are provided to operate the
electrical equipment. These are: (1) A 28-voltDC
system with power supplied by engine-driven DC
generators, battery, external power source, and by
two transformer rectifiers. (2) An unregulated AC
system with power supplied by the engine-driven AC
generators, external power source, or by an ATM-
driven AC generatur. (3) A regulated AC system with
power supplied by engine-driven AC generators. in-
verters, external power source, and by the ATM-
driven AC generator. The ATM-driven AC generator is
capable of supplying AC power to the unregulated AC
power system, the regulated AC power system, and
to two transformer rectifiers which supply DC pow-
er to the main DC bus. Controls for all three systems
are located on the overhead panel in the flight station
and can be reached by the pilots and the flight engi-
neer. Circuit breaker panels are shown in figures
1-26 through 1-33.

EXTERNAL POWER PROVISIONS.

Note

The 200/115-volt, 3-phase, 400-cycle AC
external source should have a capacity of
40 KVA; its phase rotation must be A-B-
C. The 28-volt DC external source should
have a capacity of 400 amperes.

Both DC and unregulated AC external power recep-
tacles are located on the left side of the fuselage just
aft of the battery compartment. DC power from the
external source is supplied through a relay and two
current limiters to the main DC bus. Any DC electri-
cally operated equipment on the airplane, except equip-
ment connected to the battery bus, can be supplied
from an external power source. The battery is discon-
nected from the DC buses when external power is
being used. When an AC external power source is
connected to the airplane, the power is supplied
through an automatic circuit breaker relay to the left-
hand main AC buses. The left-hand and right-hand
main buses are tied together by another automatic
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circuit breaker relay sothatall unregulated AC buses
are energized. Interlock circuits prevent connection of
the external power source to the buses in parallel
with an engine-driven generator. External power is
tripped off automatically, by the switch whenever a
generator switch is turned on. External AC power
should always be disconnected before external DC
power is disconnected.

‘ WARNING I

Use of the battery engine start button, or
other unapproved methods, to connect exter-
nal ACpower results in two unsafe conditions
caused by DC power not being available to
trip the external AC power relay: while dis-
connecting the external AC power cable,
arcing to the receptacle contacts may cause
a fire, and if external AC power is recon-
nected, power will be supplied directly to
the bus, possibly causing injury to mainte-
nance personnel.

iCAUTION

External AC power is connected to all reg-
ulated AC power systems ifinverter switches
are turned to AC GEN positions. Make sure
that the inverter switches and the related
system switches are positioned as desired
before connecting external power.

v

DIRECT-CURRENT SYSTEM.

Note

The DC system has been changed to in-
clude the addition of the pylon tanks con-
trols and indicators. Figure 1-23 shows
the addition of the pylon tanks to the
main DC bus. Figure 1-28 shows the ad-
dition of the pylon tanks circuit breakers
to the main DC power distribution box.

The direct current (DC) system power sources are
four 400-ampere engine-driven generators, a battery,
two transformer rectifiers and external power. The
engine-driven generators supply normal 28-volt power
for the DC system. The air-turbine-motor-driven AC
generator, located above the left wheel well, is pro-
vided as an emergency source for flight operations and
as an alternate for external power for ground opera-
tions. The transformer rectifiers are used to obtain
DC power from the air turbine motor AC generator.
The battery is an emergency source of power for the
few essential circuits. It can also be used for starting
the gas turbine compressor and to energize starting cir-
cuits.
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DC Generators and Buses,

The four engine-driven generators normally supply
all power to the main bus of the DC distribution sys-
tem. Each generator is connected to the main bus
through a main line contactor (relay). During opera-
tion, the main line contactor will automatically be
opened by any overvcltage, feeder fault, or reverse
current condition. The main line contactor is elec-
trically controlled by the generator switch to connect
or disconnect a generator from the distribution sys-
tem. However, the automatic devices in the system
will override any manual control to remove a mal-
functioning generator from operation. Generator
control panels completely control the operationof par-
alleling the generators on the main bus. Carbon pile
regulators automatically regulate the voltage. An
equalizer bus regulates the division of loads among the
generators,balancing the load by reducing the voltage
on any generator which tends to assume more than its
share of the total load. The generators supply all power
for the DC operated equipment in the airplane,and also
supply power to operate the inverters. Allloads which
are considered to be of primary importance are con-
nected to either the main DC bus, the propeller and
engine bus, or the isolated bus. All other loads are
supplied from auxiliary or sub-buses, which are sup-
plied from the main DC bus through contactors (re-
lays). The following auxiliary buses are provided:
flight station, fuselage, radio, left wing, and right
wing. The wheel well bus and the aft fuselage bus de-
rive their power from the fuselage bus. Nine current
limiters (one b50-ampere, six 100-ampere, one 150-am-
pere, and one 175-ampere) located inside the main
power distribution box provide overload protection
for the dc loads imposed by added mission equip-
ment. Added circuit breakers provide overload pro-
tection for the power and control circuits of the ad-
ditional avionics and armament system. Figure 1-22
and 1-23 show the DC power generation and distri-
bution, and list the DC operated equipment which is
connected to each of the buses.

Transformer-Rectifiers.

Two transformer rectifiers are connected to the main
DC bus through reverse current relays. These trans-
former rectifiers operate in parallel with each other
and the DC generators, though they do not necessarily
share the load equally with DC generators. The maxi-
mum output of a transformer rectifier is 200 amperes
at 28 volts. The transformer rectifier units are used
on the ground when no external power is available or
for emergency power in the event that an engine-
driven generator fails. The transformer rectifiers are
located under the flight station and are powered from
the left-hand AC bus.

Battery.

A 24-volt, 36-ampere-hour battery is located in a fuse-
lage compartment forward of the crew entrance door.

T.0. 1C-130(A)A-1

The battery supplies power to the battery bus and to
the isolated bus. A reverse current relay is connected
between the isolated bus and the main DC bus. It
normally prevents the battery from powering equipment
connected to the main DC bus and permits power from
the main DC bus to be used to power equipment con-
nected to the isolated bus, and to charge the battery.
During gas turbine compressor starting or battery-engine
starting, reverse current relay reverses the normal cur-
rent flow to allow the battery to power the main bus.
Power from the battery is thus made available for op-
eration of GTC starter or engine starting control cir-
cuits,

Direct Current System Controls.

The DC system controls, with the exception of a sec-
ond manual reset lever on eachgenerator control panel,
are located on the overhead electrical control panel
above the flight station. The generator control panels
are located in racks under the flight station and are
accessible, in flight, from the cargo department.

GENERATOR SWITCHES. Each of the generators is
controlled independently by its own four-position, ro-
tary-type switch located on the overhead electrical
control panel (figure 1-24). When the switch is in the
ON position (knob stripe aligned with panel stripe) the
main line contacter is closed and the generator is con-
nected to the main bus. The contactor is open when
the switch is in the OFF position. The generator still
continues to produce voltage. The switch is placed in
the momentary FIELD TRIP position to trip the gen-
erator field relay. This removes the excitation current
from the generator field and voltage generation ceases,
except for residual voltage (2 or 3 volts), even though
the generator armature continues to turn. The switch
knob must be pulled out before the switch can be
placed in the FIELD TRIP position. If the generator
field relay has been tripped, it can be reset to the
closed position by placing the generator switch in the
momentary RESET position.

MANUAL RESET LEVER. A manual reset lever is lo-
cated on each generator control panel under the flight
station. This reset lever is used to manually reset a
generator if the reset coil in the control box fails to
operate.

BUS ISOLATION SWITCHES. A bus isolation switch
for each of the auxiliary buses is located on the over-
head electrical control panel (figure 1-24). The ON
position of these switches energized relays, which close
to connect the auxiliary buses to the main DC bus.
The OFF position of the switches de-energizes the re-
lays to disconnect the auxiliary buses from the main
DC bus. These switches are primarily emergency dis-
connect switches for isolating an auxiliary bus from
the main DC bus. They are normally left in the ON
position at all times. A transparent plastic switch
plate surrounds the bus switches to prevent accidental
actuation.
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