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WARNING

|

Personnel performing operations, procedures, and
practices which are included or implied in this tech-
nical manual shall observe the following warnings.
Disregard of these warnings and precautionary in-
formation can cause serious injury or death.

WARNING

i

STARTING ENGINES
Coordinate all cockpit actions with ground observer.

Insure that wheels are chocked (if applicable), rotor
and blast areas are clear, and fire guard is posted.

WARNING

i

GROUND OPERATION

Engines will be started and operated only by autho-
rized personnel.

WARNING

i

ROTOR BLADES

Beware of moving rotor blades, particularly the
blades of the forward rotor system.

WARNING

i

HIGH VOLTAGE

All ground handling personnel must be informed of
high voltage hazards when making external cargo
hook-ups.
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WARNING

i

FIRE EXTINGUISHER

Exposure to high concentrations of fire extinguish-
ing agents or decomposition products should be
avoided. The liquid should not contact the skin. It
may cause frostbite or low temperature burns.

WARNING

i

ARMAMENT

Loaded weapons or weapons being loaded or un-
loaded, shall be pointed in a direction which offers
the least exposure to personnel or property in the
event of accidental firing. Personnel shall remain
clear of the hazardous area of all loaded weapons.

WARNING

i

VERTIGO

Turn the anti—collision lights off during flight
through clouds. This will eliminate light reflections
from the clouds, which could cause vertigo.

WARNING

i

CARBON MONOXIDE

When smoke, suspected carbon monoxide fumes, or
symptoms of anoxia exist, the crew should immedi-
ately ventilate the aircraft.

WARNING

i

HANDLING FUEL AND OIL

Turbine fuels and lubricating oils contain additives
that are poisonous and readily absorbed through the
skin. Do not allow them to remain on skin longer than
necessary.
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WARNINGI

ELECTROMAGNETIC INTERFERENCE (EMI)

No electrical/electronic devices of any sort, other
than those described in this manual or appropriate
airworthiness release and approved by USAATCOM,
are to be operated by crewmembers or passengers
during operation of this helicopter.

WARNINGI

RADIOACTIVE MATERIALS

Instrument dials on CH-47 series aircraft contain
radioactive materials. If an instrument is broken or
becomes unsealed, avoid personal contact with the
item. Use forceps or gloves made of rubber or poly-
ethylene to pick up contaminated material. Place the
material and the gloves in aplastic bag, seal the bag,
and dispose of it as radioactive waste in accordance
with AR 385-11 and TM 3-261. (Refer to TB 43-0108).

WARNINGI

NOISE LEVELS

Sound pressure levels in this aircraft during some
operating conditions exceed the Surgeon General’s
hearing conservation criteria, as defined in TB MED
251. Hearing protection devices, such as the aviator
helmet or ear plugs are required to be worn by all
personnelin and around theaircraftduring its opera-
tion.

b Change 1

WARNINGI

HAZARDOUS CARGO

Items of cargo possessing dangerous physical
properties such as explosives, acids, flammables,
etc. must be handled with extreme caution and in
accordance with established regulations. Ref:

38-250.
WARNING I

HF RADIO LIAISON FACILITY AN/ARC-220

The HF Radio Liaison Facility AN/ARC-220inthe ALE
mode sounds (transmits short tone bursts) and re-
plies to ALE calls automatically without operator ac-
tion. Anytime local flight directives forbid HF emis-
sions, such as ordinance loading or refeuling, or
when personnel areworking near the aircraft, ensure
theradio set control function switch is setto SILENT,

STBY, or OFF.
WARNINGI

IN ALE MODE

The AN/ARC-220 sounds (transmit short bursts) and
replies to ALE calls automatically without operator
action. Anytime local flight directives forbid HF
emissions, such as during ordanceloading or refuel-
ing, or when personnel are working near the aircraft,
ensure theradio set control function switch is set to
silent, STBY, or OFF.
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CHAPTER 1
INTRODUCTION

SECTION 1. INTRODUCTION

1-1-1. General.

These instructions are for use by the operator. They ap-
ply to CH-47D helicopters.

1-1-2. WARNINGS, CAUTIONS, AND NOTES DE-
FINED.

Warnings, cautions, and notes are used to emphasize
important and critical instructions and are used for the

following conditions.
WARNINGI

An operating procedure, practice, etc.,
which if not correctly followed, could re-
sult in personal injury or loss of life.

CAUTION

An operating procedure, practice, etc.,
which, if not strictly observed, could re-
sultin damage to or destruction of equip-
ment.

NOTE

An operating procedure, condition, etc.,
which it is essential to highlight.

1-1-3. Helicopter Description.

This manual contains the complete operating instruc-
tions and procedures for the CH-47D helicopters. It is
powered by two T55 L-712 or T55-GA-714A engines.
The primary mission of the helicopter is troop and cargo
transport. The observance of limitations, performance,
and weight and balance data provided is mandatory.
Your flying experience is recognized, therefore, basic
flight principles are not included. It is required that THIS
MANUAL BE CARRIED IN THE HELICOPTER AT ALL
TIMES.

1-1-4. Introductory Material.

The following paragraphs describe certain sections of
this manual, referenced forms, manuals, and Army Re-
gulations. Also included is the procedure to follow to
report errors or to recommend changes.

1-1-5.[Appendix Al Reference.

is a listing of official publications cited within
the manual applicable to and available to flight crews.

1-1-6.[Appendix Bl Abbreviation.

[Appendix Blis a list of the abbreviations used in this
manual.

1-1-7.[Appendix C|] Conditional Inspections.

is a listing of conditions which require a DA
Form 2408-13-1 entry.

1-1-8. Index.

The index lists in alphabetical order, every titled para-
graph, figure, and table contained in this manual.

1-1-9. Army Aviation Safety Program.

Reports necessary to comply with the Army Aviation
Safety program are prescribed in AR 385-40.

1-1-10. Destruction of Army Material to Prevent En-
emy Use.

For information concerning destruction of Army material
to prevent enemy use, refer to TM 750-244-1-5.

1-1-11. Forms and Records.

Army aviators flight record and aircraft maintenance re-
cords which are to be used by crewmembers are pre-
scribed in DA PAM 738-751 and TM 55-1500-342-23.

1-1-12. Change Symbol Explanation.

Changes, except as noted below, to the text and tables,
including new material on added pages, are indicated by
a vertical line. The vertical line is in the outer margin and
extends close to the entire area of the material affected
with the following exception: pages with emergency
markings, which consist of black diagonal lines around
three edges, may have the vertical line or change symbol
placed along the inner margins. Symbols show current
changes only. A miniature pointing hand symbol is used
to denote a change to an illustration. However, a vertical
line in the outer margin, rather than miniature pointing
hands, is used when there have been extensive changes
made to an illustration. Change symbols are not used to
indicate changes in the following:

a. Introductory material.

b. Indexes and tabular data where the change can-
not be identified.

c. Blank space resulting from the deletion of text, an
illustration, or table.

d. Correction of minor inaccuracies, such as spell-
ing, punctuation, relocation of material, ect., unless such
correction changes the meaning of instructive informa-
tion and procedures.

1-1-1
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1-1-13. Aircraft Designation System.

1-1-14. The designation system prescribed by AR 70-50
is used in aircraft designation as follows:
Example CH-47D

C - Mission symbol (cargo)

H - Basic mission and type symbol (Helicopter)
47 - Design number

D - Series symbol

1-1-15. Series and Effectivity Codes.

Designator symbols listed below are used to show limited
effectivity of airframe information material in conjunction
with text content, paragraph titles, and illustrations. Des-
ignators may be used to indicate proper effectivity, un-
less the material applies to all models and configuration
within the manual. Designator symbols precede proce-
dural steps Designator symbols listed below are used to
show limited effectivity of airframe information material in

1-1-2

conjunction with text content, paragraph titles, and il-
lustrations. Designators may be used to indicate proper
effectivity, unless the material applies to all models and
configuration within the manual. Designator symbols
precede procedural steps in Chapters 5, 8 and 9. If the
material applies to all series and configurations, no des-
ignator symbol will be used.

DESIGNATOR APPLICATION

SYMBOL

712 CH-47D aircraft equipped
With T55-L-712 engines.

CH-47D aircraft equipped

with T55-GA-714A engines
1-1-16. Use of “Shall, Should, and May”.

Within this technical manual, the word “shall” is used to
indicate a mandatory requirement. The word “should” is
used to indicate a nonmandatory but preferred method
of accomplishment. The word “may” is used to indicate
an acceptable method of accomplishment.
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CHAPTER 2
AIRCRAFT AND SYSTEMS DESCRIPTION AND OPERATION

SECTION I. HELICOPTER

2-1-1. General.

The CH-47D 2-1-1 and 2-1-2) is a twin-turbine
engine, tandem rotor helicopter designed for transportation
of cargo, troops, and weapons during day, night, visual, and
instrument _conditions. (Unless otherwise noted, numbers
refer to The helicopter is powered by two
T55-L-712 or T55-GA-714A shaft-turbine engines (18) on
the aft fuselage. The engines simultaneously drive two tan-
dem three-bladed counterrotating rotors (13 and 19) through
engine transmissions (25), a combining transmission (16),
drive shafting (14), and reduction transmissions (12 and 23).
The forward transmission is on the forward pylon above the
cockpit (1). The aft transmission, the combining transmis-
sion, and drive shafting are in the aft cabin section and aft
pylon sections (3 and 4). Drive shafting from the combining
transmission to the forward transmission is housed in a
tunnel along top of the fuselage. When rotors are stationary,
a gas-turbine auxiliary power unit (22) drives a generator
and hydraulic pump to furnish hydraulic and electrical power.
Fuel is carried in pods on each side of the fuselage. The
helicopter is equipped with four non-retractable landing gear.
An entrance door (15) is at the forward right side of the cargo
compartment (2). At the rear of the cargo compartment is a
hydraulically powered loading ramp (26). The pilots seat (9)
and controls are at the right side of the cockpit; the copilot's

seat (40) and controls are on the left side. Seelfigure 2-1-3]

for typical cockpit and controls.

2-1-2. Gross Weight.

The maximum gross weight of the CH-47D is 50,000
pounds. Chapters 5 and 6 provide additional weight informa-
tion.

2-1-3. Landing Gear System.

The landing gear system consists of four non-retractable
landing gears mounted on the fuselage pods. The forward
landing gears are a fixed-cantilever type and have twin
wheels. The aft landing gears are of the single—wheel, full-
swivel (360°) type which can be power centered and locked
in trailed position. In addition, the aft right landing gear can
be steered from the cockpit by using the steering control
knob on the console. Each landing gear has an individual
air-oil shock strut and is equipped with tube-type tires.

2-1-4. Landing Gear Proximity Switches.

a. Two proximity switches are installed, one on each aft
landing gear. Each switch is activated when its associated
shock strut is compressed during touchdown. The switches
improve ground handling by reducing pitch axis gain of the
AFCS, by canceling the longitudinal Control Position Trans-
ducer (CPT), therefore longitudinal stick input, to the Differ-
ential Airspeed Hold (DASH) actuators, and by driving both
longitudinal cyclic trim (LCT) actuators to the ground posi-
tion. In addition to the above functions, the switch on the right
aft landing gear, when activated, disables the flare dispenser
to prevent accidental flare release, and enables the hold
function of mode 4 transponder codes.

b. On helicopters equipped with GROUND CONTACT
indicating lights, activation of the proximity switches when
the associated shock strut is compressed will cause the
associated GROUND CONTACT indicating light on the
MAINTENANCE PANEL to illuminate.

CAUTION

Should either or both GROUND CONTACT
indicating lights remain illuminated after
lift-off to hover, the illuminated system(s)
DASH will not function properly in forward
flight. If both GROUND CONTACT indicat-
ing lights remain illuminated after lift-off,
the AUTO function of both cyclic trim sys-
tems will be inoperative and both LCT ac-
tuators will remain in the GND position.

C. Aftlanding gear proximity switches are not actuated
in a water landing. As a result, DASH actuators will respond
to longitudinal stick motion, producing an apparent increase
in control sensitivity. Cyclic motion of + 3/4 inch from neutral,
if held, will drive DASH actuators hard over. If longitudi-
nal cyclic movement is required for taxing, set the AFCS
SYSTEM SEL switch to OFF.

2-1-5. Steering and Swivel Lock System.

The steering and swivel lock system consists of the power
steering control box with the STEERING CONTROL panel
on the center console, utility system pressure control
module, power steering actuator, power steering module,
swivel lock actuating cylinder, and the PWR STEER master
caution capsule. The STEERING CONTROL panel consists
of a three position SWIVEL switch and a steering control
knob. The SWIVEL switch controls operation of power
steering and swivel locks.

2-1-1
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Figure 2-1-3. Cockpit and Controls
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directional pedals

. Converter control unit (See note)
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The switch positions are arranged so the power steering
system cannot be energized and used with swivel locks
engaged. The aftrightlanding gear is hydraulically steer-
able and electrically controlled by the steering control
knob.

The PWR STEER caution capsule on the master caution
panel indicates that power steering circuits have failed or
the aft right wheel has exceeded turning limits. These
limits are set at 58° for a left turn and 82° for a right turn.
If turning limits are exceeded, an out-of-phase switch on
the landing gear automatically closes the power steering
solenoid valve, lights the caution capsule, and removes
electrical power from the control box. To reenergize the
power steering system, the landing gear must be re-
turned within operating limits and the SWIVEL switch
must be recycled.

Hydraulic power to operate the power steering actuator
and the swivel locks is supplied by the utility hydraulic
system through the utility system pressure control mod-
ule and separate power steering and swivel lock module.
Electrical power to control the steering and swivel locks
system is supplied by the No. 1 DC bus through the
BRAKE STEER circuit breaker on the No. 1 PDP.

2-1-6. STEERING CONTROL Panel.

The STEERING CONTROL panel(fig. 2-1-4} is on the aft
end of the console. It contains the SWIVEL switch, the
steering control knob, a fail-safe module and relay, and
a servoamplifier. The fail-safe module monitors the
steering electrical circuits. A malfunction which could
cause a steering hardover will be detected by the fail-
safe module and the relay which disables the system and
turns on the PWR STEER caution light.

a. SWIVEL switch. A three-position switch labeled
STEER, UNLOCK, and LOCK. Setting the switch to
STEER applies DC power to the circuits in the power
steering control box and arms the power steering actua-
tor. Rotating the steering control knob will activate the
power steering actuator and the aft wheel will

—
STEERING CONTROL
.SJ vsl STEER kg
\', © UNLOCK \
E  ocx \ /
- LEFT

5

Figure 2-1-4. Steering Control Panel
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swivel. Setting the SWIVEL switch to UNLOCK deener-
gizes the power steering circuits in the control box and
the power steering actuator. It maintains the swivel locks
in the disengage position and both aft wheels are free to
swivel. Setting the SWIVEL switch to LOCK energizes
the swivel lock and centering cam control valve. Utility
system pressure is directed to the lock port of the swivel
lock cylinder and centering cam. The aft wheels will ro-
tate to neutral trail position and the swivel lock will en-
gage when the helicopter weight is lifted from the rear
wheels. AFCS heading hold is disabled at STEER and
UNLOCK.

b. Steering control knob. The steering control knob
has index marks around the knob to indicate degrees of
knob rotation LEFT and RIGHT in increments of 30°.
These index marks do not represent wheel turn angle;
they are reference marks only. The knob is spring-loaded
to zero turn angle. Power steering is accomplished by
rotating the knob a given amount in the desired direction.
When the knob is rotated, a servo valve on the power
steering actuator regulates hydraulic pressure to extend
or retract the actuator. A feedback variable resistor, also
on the power steering actuator, stops actuator travel
when the selected turn radius is reached.

2-1-7. Brake System.

The four wheels of the forward landing gear, and two
wheels of the aft landing gear, are equipped with self-ad-
justing disk brakes. Both forward and aft brakes can be
applied and brake pressure maintained by depressing
the pedals. Hydraulic pressure is supplied by utility hy-
draulic system.

2-1-8. Brake Pedals.

When either the pilot's or copilot’'s brake pedals are
pressed, pressure from the master brake cylinders goes
to atransfer valve in the brake lines. This allows indepen-
dent braking by either pilot. From these transfer valves,
pressure is directed through a parking brake valve to the
forward and aft wheel brakes.

2-1-9. Parking Brake Handle.

A parking brake handle (4[fig. 2-1-3) is at the bottom left
corner of the pilot’s section of the instrument panel. The
brake handle is mechanically connected to the parking
brake valve. The parking brake valve is electrically con-
nected to the PARK BRAKE ON caution capsule on the
master caution panel. When the brake pedals are
pressed and the parking brake handle is pulled OUT,
pressure is trapped and maintained on forward and aft
wheel brakes. Atthe same time, electrical power from the
DC essential bus through the LIGHTING CAUTION PNL
circuit breaker, lights the PARK BRAKE ON caution cap-
sule.

The parking brakes must be released by applying pres-
sure to the brake pedals. This action automatically opens
the parking brake valve, retracts the parking brake han-
dle, and extinguishes the PARK BRAKE ON caution cap-
sule.

2-1-5
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2-1-10. Brakes and Steering Isolation Switch.

The brakes and steering isolation switch is on the HYD
control panel on the overhead switch panel
and 2-1-14). Itislabeled BRK STEER, ON, and OFF. The
switch isolates the brakes and steering hydraulic subsys-
tems from the rest of the utility hydraulic system in the
event of a leak in the subsystem. The normal position of
the switch is ON. The switch is guarded to ON. Setting the
switch to OFF, closes the power steering and brakes
valve on the utility system pressure control module, iso-
lating the brakes and steering subsystem. With the
switch at OFF, limited brake application are available due
to an emergency brake accumulator in the brake subsys-
tem. Power to operate the isolation valve is from the No.
1 DC bus through the HYDRAULICS BRAKE STEER
circuit breaker on the No. 1 PDP.

2-1-11. Instrument and Control Panels.

NOTE

The NVG overhead switch panels are shown.
Description of control panels and operating
procedures reflect NVG configuration only.

and 2-1-6 show center and canted
consoles. through 2-1-10 show the
copilot instrument panel, center instrument panel, pilot
instrument panel, and the NVG overhead switch panel.
through 2-1-14 show the copilot
instrument panel, center instrument panel, pilot instru-
ment panel, and the NVG overhead switch panel.

2-1-12. Personnel/Cargo Doors.

Entry can be made through either the main cabin door or the
cargo door and ramp.

2-1-13. Main Cabin Door.

The main cabin entrance (15, door is on the right
side of the cargo compartment. The door is divided into two
sections: the upper section containing a jettisonable panel
and the lower section forming the entrance step. When
opened, the upper section slides upward on overhead rails
and the lower section swings downward. When closed, the
two sections mate to form the complete door. Handles are
provided on both the outside and the inside of the door for
accessibility. Refer to Chapter 5 for the allowable airspeed
imposed on the helicopter while operating with the cabin
entrance door sections in various positions.

2-1-14. Cargo Door and Ramp.

Chapter 6 provides a detailed description and operation of
the cargo door and ramp.

2-1-15. Pilot and Copilot Sliding Windows.

The upper section of each jettisonable door (39,
in the cockpit contains a sliding window. The window slides

2-1-6

fore and aft and is locked and unlocked by a handle at the
forward end of the jettisonable door. The handle is moved
forward to lock the window and aft to unlock the window.

2-1-16. Seats.

The pilot's and copilot's seats (9 and 40, are on
tracks to permit forward and aft, vertical and reclining posi-
tion adjustments. Bungee cords in each seat exert an up-
ward force on the seat when it is down or tilted.

2-1-17. Seat Fore-and-Aft Lever.

A fore and aft control lever (14, [fig. 2-1-3) for horizontal seat
adjustment is on the right side of each seat support carriage.
When the lever is pulled UP, the seat is unlocked and can
be moved along the tracks on the cockpit floor. When the
lever is released, the seat is locked in position horizontally.
The total range of the horizontal movement is 4 inches in 1
inch increments.

2-1-18. Seat Vertical Lever.

Vertical seat adjustment (15,[fig. 2-1-3) is controlled by a
lever on the right side of each seat. When this lever is pulled
UP, the seat is unlocked and can be moved vertically along
a track through a range of 5 inches. The range is divided into
1/2 inch increments. When the lever is released, the seat is
locked in position vertically.

CAUTION

With the seat in the full up rotation posi-
tion (zero tilt) the seat may not be able to
be locked in the full down vertical posi-
tion. Ensure the seat is locked when ad-
justing the vertical axis, especially when
the seatisin full up rotation position (zero
tilt).

2-1-19. Seat Rotation Lever.

A control lever (20, [fig. 2-1-3) for adjusting the seat reclining
position is on the left side of each seat. When this lever is
pulled UP, the seat is unlocked and can be rotated through
a 15° tilt range divided into four equal increments. The seat,
in effect, is pivoted up and down around a horizontal axis.
When the lever is released, the seat is locked in the selected
tilt position.

2-1-20. Armored Seats.

Both the pilot and the copilot seats are equipped with a
combination of fixed and adjustable ceramic armor panels
[fig. 2-1-15). Fixed panels are installed under the back and
bottom seat cushions and on the outboard side of each seat.
A shoulder panel (if installed) is mounted on the outboard
side of each seat. The shoulder panel is hinged from the
seat back so it can be moved aside for ease of exit from the
helicopter. The panel is secured in its normal position by a
latch and an exerciser cord.
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2-1-21. Shoulder Harness Inertia Reel Lock Lever.

A two-position shoulder harness inertia reel lock lever is on
the left side of each seat (22,[fig. 2-1-3) The lever positions
are LOCKED (forward) and UNLOCKED (aft). The lock may
be moved freely from one position to the other. When the
lock lever is in UNLOCKED position, the reel harness cable
is released to allow freedom of movement. However, the
reel will automatically lock if a horizontal impact force of 2 to
3 g is encountered. When the reel is locked in this manner,
it stays locked until the lock lever is moved forward to
LOCKED and then returned to UNLOCKED. When the lever
is at LOCKED, the reel is manually locked so the pilot is
restrained from bending forward. When a crash landing or
ditching is anticipated and time permits, manual locking of
the shoulder harness inertia reel provides added safety be-
yond the automatic feature of the inertia reel. Depending on
the pilot’s seat adjustment, it may not be possible to reach
all switches with the inertia locked. Each pilot should check
and adjust the shoulder harness in locked position to deter-
mine whether all switches can be reached.

T™ 1-1520-240-10

2-1-22. Self -Tuning Dynamic Absorbers.

The helicopter is equipped with three sel-tuning dynamic
absorbers. One absorber is in the nose compartmentand
the other two absorbers are under each pilot’s seat below
the cockpit floor. All three absorbers serve to maintain a
minimum vibration level through the normal operating
rotor RPM range of the helicopter. The self-tuning feature
of the the dynamic absorber functions as follows: each
dynamic absorber consists of tuning mass suspended by
springs, and electronic measuring circuit, accelerome-
ters, counter-weights, an electrical actuator and a self-
test box. The accelerometers sense and compare the
vibration phases of the helicopter and the spring-
mounted mass. When the measured vibration phases
differ from a built-in phase relationship required to assure
proper tune, the electronic circuit extends or retracts the
electrical actuator to reposition the counterweights
which, in turn, increases or decreases the resonant fre-
quency of the spring-mounted mass. The dynamic ab-
sorbers are constantly being adjusted (tuned) to mini-
mize helicopter vibration. A self-test box is in the heater
compartment to provide maintenance personnel with an
integral testing capability for self-tuning feature of the
dynamic absorbers. Power is supplied by the No. 2 AC
bus through the VIB ABSORB-LH, CTR and RH circuit
breakers in the No. 2 PDP.
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VGI (vertical gyro indicator) switch
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Cockpit air knob

Rotor Tachometer

EMERG PWR (emergency power) indicator light

Figure 2-1-7. Copilot Instrument Panel (Typical)
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Power turbine inlet temperature (PTIT) indicators
Transmission oil pressure indicator

XMSN OIL PRESS selector switch
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. XMSN OIL TEMP selector switch
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. FUEL QUANTITY selector switch

. CAUTION LT and VHF ANT SEL panel
. Engine oil pressure indicators

. Engine oil temperature indicators
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. Master caution panel NVG filter

. Missile alert display

. GPS ALERT indicator light

. GPS ZEROIZE switch

Figure 2-1-8. Center Instrument Panel (Typical)
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1. CRUISE GUIDE indicator 11. VGI (vertical gyro indicator) switch
2. RADIO CALL plate 12. Horizontal situation indicator (HSI)
3. Master caution light with NVG filter 13. HSI MODE SELECT panel
4. Airspeed indicator 14. Radar altimeter
5. Attitude indicator 15. CHRONOMETER
6. AIMS altimeter 16. Rotor tachometer
7. Vertical speed indicator (VSI) 17. Torquemeter
8. RAD ALT display dimmer switch 18. EMERG PWR (emergency power) indicator light
9. Cockpit air knob 19. CGI (cruise guide indicator) test switch
10. Turn and slip indicator

Figure 2-1-9. Pilot Instrument Panel (Typical)

2-1-12



™ 1-1520-240-10

b
-

§
§i©Ox mu

o1

|
1

_m

Dozs o [ ooe avo
LOh e oeo

) 'z.,

® ]

ECos

- t)w

(O

| ..@

| coonovo oy

v

< NY
D —@1 W,
4

,
"N\

b |

LX) , ﬂ < PVQZQVAVﬂKV

0 | B | § Fo-—er oxxo0 z00x

N
3|
EEE
A !

mﬂkvﬂ. ool

i
HO)r

a0r X

ROl :f 1@

o

O

N WwZO LVOoZO

®

..,.-.‘ ..
X g

-

-

N
A

,j©<£!_ .
|

Dk

®

Q)
®
ﬁm @
B sfs
i- ©
B sfa
- ©

Q) wawo @‘

Figure 2-1-10. Overhead Switch Panel

2-1-13



T™M 1-1520-240-10

2-1-14

PULL FOR
cocxmiy
AR

R N N

. Torquemeter

Airspeed indicator

. Attitude indicator
. Altimeter
. Master caution light with NVG filter

RADIO CALL plate
RAD ALT display dimmer switch

. Vertical speed indicator (VSI)
. Tum and slip indicator

10.
11.
12.
13.
14.
15.
16.

A60870

VGI (vertical gyro indicator) switch
HSI MODE SELECT panel
Horizontal situation indicator
CHRONOMETER

Radar altimeter

Cockpit air knob

Rotor tachometer

Figure 2-1-11. Copilot Instrument Panel
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1. IFF indicator light 12. Fuel flow indicator
2. TSEC KY-58 indicator light 13. XMSN OIL TEMP selector switch
3. FIRE PULL handles with NVG filters 14. Fuel quantity indicator
4. FIRE DETR test switch 15. FUEL QUANTITY selector switch
5. AGENT DISCH switch 16. CAUTION LT and VHF ANT SEL panel
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11. Transmission oil temperature indicator 22. GPS ZEROIZE switch

Figure 2-1-12. Center Instrument Panel |z
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Figure 2-1-13. Pilot Instrument Panel



™ 1-1520-240-10

-

N Q\-x-s -0 l-l (L) rl.. < B - 41' TO~®k
S

€15

G
s2ifleon

V| Quxrsr-ofy

ﬁ .
Dot 20 © & 'm

—

§ i
|10,' O

ﬂ-ﬂvﬂvaﬁ-ﬂo <

e
©,i:

0 gpoo

©
_:m

Oum

mm@m r,@m

-

VeEo 00X 4%

Figure 2-1-14. Overhead Switch Panel

2-1-17



T™M 1-1520-240-10

2-1-18

FORWARD
BOTTOM
NOTE ARMOR
SEAT CUSHIONS REMOVED
FOR CLARITY.
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SECTION Il. EMERGENCY EQUIPMENT

2-2-1. Emergency Procedures.

Refer to Chapter 9 for all emergency procedures.

2-2-2. Engine Compartment Fire Extinguisher Sys-
tem.

The engine compartment fire extinguisher system
[2-2-1) enables the pilot or copilot to extinguish a fire in
either engine compartment only. It is not designed to
extinguish internal engine fires. The system consists of
two FIRE PULL handles, an AGENT DISCH (agent dis-
charge) switch, a FIRE DETR (fire detector) switch on the
center instrument panel, and two extinguisher agent con-
tainers on the overhead structure at stations 482 and
502. The containers are partially filled with monobromo-
trifluoromethane (CBrFsor CFsBR) and pressurized with
nitrogen provides the range of engine fire
extinguisher pressures.) The agent in one or both of the
containers can be discharged into either engine
compartment. Selection of the compartment is made by
pulling the appropriate FIRE PULL handle. Inffigure 2-2-1]
the ENG 1 FIRE PULL handle has been pulled. Selection
of the container is made by placing the AGENT DISCH
switch in the appropriate position. In[figure 2-2-1] BTL 1
has been selected.

2-2-3. FIRE PULL Handles.

WARNINGI

Before flying the aircraft ensure that each
FIRE PULL handle NVGfilter holder can be
rotated from the closed to the open posi-
tion without causing the FIRE PULL han-
dle to be pulled. Improper handling of the
NVG filter holder may cause the FIRE
PULL handle to be pulled unintentionally,
thus fuel to the affected engine will be shut
off and the engine will shut down. Do not
use sudden or excessive forcewhen rotat-
ing the FIRE PULL handle NVG filter hold-
er from the closed to the open position.

Two control handles for the engine fire extinguisher sys-
tem [fig. 2-2-1)) are labeled FIRE PULL - FUEL SHUT-
OFF on the top center section of the center instrument
panel. Each handle has a cover for the NVG filter, two
warning lights, and the necessary control switches that
close the engine fuel shutoff valve and arm the fire extin-
guisher system circuits. Power is supplied for each FIRE
PULL handle from the respective No. 1 and No. 2 DC
essential buses through the respective ENGINE NO. 1
and NO. 2 FUEL SHUTOFF circuit breakers on the No.
1 and No. 2 PDP. Power is supplied for each pair of
warning lights from the corresponding No. 1 or No. 2 AC
bus through the ENGINE NO. 1 and NO. 2 FIRE DET
circuit breakers on the No. 1 and No. 2 PDP.

Table 2-2-1. Engine Compartment Fire Extinguisher Pressures

AMBIENT TEMPERATURE

MINIMUM INDICATION

(©) (PSI)
-54° 271
-51° 275
-40° 292
-29° 320
-18° 355
-7° 396
4° 449
15° 518
27° 593
38° 691
52° 785

2-2-1
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Figure 2-2-1. Engine Compartment Fire Detection and Extinguishing System (Typical)
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WARNINGI

If the FIRE PULL handle warning lights are
covered by the NVG filters during daylight
operation, illumination of the fire warning
lights may not be apparent in the event of
an engine fire. Do not operate the aircraft
with the NVG filters covering or obscuring
the fire warning lights unless night vision
goggles are being used.

The NVG filter is attached to one end of the FIRE PULL
handle by hinged fitting. The other end of the filter holder
forms a tab by which the filter holder and filter may be
rotated about the hinged fitting. For NVG operations, the
filter holder is rotated to a closed position over the front
of the FIRE PULL handle cover. In this position, the fire
warning light is NVG compatible. For normal operations,
the filter holder is rotated from the closed position to the
fully open position. In this position, the FIRE PULL han-
dle warning lights will be red.

CAUTION

If there is a fire in both engine compart-
ments, do not pull both FIRE PULL han-
dles simultaneously. Extinguish fire in
one compartment only as described be-
low. Leave the FIRE PULL handle out after
fire has been extinguished. Proceed in a
like manner to extinguish fire in the other
engine compartment.

When an engine compartment fire occurs on either side,
the respective pair of warning lights comes on. The ap-
propriate FIRE PULL handle is pulled, that engine fuel
shutoff valve closes and the AGENT DISCH switch is
armed.

Selection and discharge of either fire bottle is accom-
plished by placing the AGENT DISCH switch to BTL 1 or
BTL 2. After depletion of the charge in the initially se-
lected bottle, the remaining bottle can be discharged to
the same engine compartment by selecting the opposite
position on the AGENT DISCH switch. The other FIRE
PULL handle performs the same function for its respec-
tive engine compartment.

2-2-4. AGENT DISCH Switch

A three-position AGENT DISCH (discharge) switch is
above the FIRE PULL handles on the center instrument
panel[(fig. 2-2-1). The lever-lock momentary switch posi-
tions are BTL 1, neutral, and BTL 2. When BTL 1 is
selected, the agent is discharged from the No. 1 bottle
into the selected engine compartment. When BTL 2 is
selected, the agent is discharged from the No. 2 bottle
into the selected engine compartment. Only two fire ex-
tinguisher agent bottles are provided. If the agent from
both bottles is used in combating a fire in one engine
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compartment, agent will not be available should a fire
occur in the other engine compartment. Power is sup-
plied from the corresponding No. 1 or No. 2 DC essential
bus through the ENGINE NO. 1 and NO. 2 FIRE EXT
circuit breakers on the No. 1 and No. 2 PDP.

2-2-5. FIRE DETR Switch.

A two-position FIRE DETR (detector) switch is below the
AGENT DISCH switch on the top center section of the
center instrument panel [fig. 2-2-1). It is labeled FIRE
DETR and TEST. The toggle switch is spring-loaded to
FIRE DETR which monitors the engine fire detection
system. When the switch is placed to TEST, it checks the
operation of the engine fire detection system by closing
relays in both controls units and the warning lights in both
FIRE PULL handles illuminate. Power to operate the test
circuit is supplied by the DC essential bus through the
LIGHTING CAUTION PNL circuit breaker on the No. 1
PDP.

2-2-6. Hand Fire Extinguishers.

WARNINGI

Avoid prolonged exposure (5 minutes or
more) to high concentrations of fire extin-
guishing agent and its decomposition
products because of irritation to the eyes
and nose. Adequate respiratory and eye
relief from excessive exposure should be
sought as soon as the primary fire emer-
gency permits. Use of oxygen for person-
nel is recommended.

Three portable 6.3 pound capacity hand fire extinguish-
ers are provided in the helicopter. One is in the cockpit,
on the floor to the right of the pilot's seat. Two hand fire
extinguishers are in the cabin section. One on the for-
ward bulkhead and one in the left rear, just forward of the
ramp.

2-2-7. Emergency Troop Alarm and Jump Lights.

Two emergency troop alarm and jump light boxes are in
the cargo compartment. The forward box is on the bulk-
head and above the avionics equipment shelves and the
aft box is on the left side of the fuselage above the ramp
atsta. 575. Each box has an electric bell in the center with
ared light fixture on one side and a green light fixture on
the other side. The TROOP WARN panel on the over-
head switch console is used to operate the emergency
troop alarm and jump lights.

The emergency troop alarm and jump lights have several
functions. They can be used to notify passengers and
crew with predetermined signals in time of emergency.
The jump lights can be used to notify flight engineer
during airborne delivery operations and to alert the troop
commander during paratroop drop missions. Refer to
Chapter 9 for standard use of the troop alarm.

2-2-3



TM 1-1520-240-10

2-2-8. TROOP WARN Panel

The TROOP WARN (warning) panel is located on the
overhead switch pane[(fig. 2-2-2). It has two troop jump
lights labeled RED and GREEN. Also, two switches la-
beled JUMP LT and ALARM. Power to operate and con-
trol the emergency troop alarm and jump lights is sup-
plied by the DC essential bus through the TROOP
ALARM BELL and TROOP ALARM JUMP LT circuit
breakers on the No. 2 PDP.

a. Troopjumplights. The troop jump lights provides
the pilots a visual indication of the troop jump light selec-
ted. One light is provided for each color selection and
comes on when the respective light is selected. The
brightness of the lights is controlled by the PLT INST
rotary control switch on the PLT LTG panel of the over-
head switch panel.

b. JUMP LT switch. The three-position JUMP LT
switch is labeled GREEN, OFF, and RED. When the
switch is setto GREEN, the green lights on the emergen-
cy troop and jump light box, at both stations, and the
troop jump lights on the overhead switch panel come on.
When the switch is set to RED, the red lights come on.
OFF position turns off both sets of lights.

c. ALARM switch. The two-position ALARM switch
is labeled OFF and ON. Moving the ALARM switch to ON
rings the bell continuously at both stations until the switch
is moved to OFF.

2-2-4
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Figure 2-2-2. Troop Warning Panel (Typical)

2-2-9. First Aid Kits.

Seven aeronautic first aid kits are installed in the helicop-
ter. Onekitis in the passageway between the cockpit and
cabin. The other six kits are in the cabin fuselage section,
three on each side.

2-2-10. Emergency Entrances and Exits.

Refer to Chapter 9 for information on emergency en-
trances and exits.

2-2-11. Emergency Escape Axe.

An emergency escape axe is provided. It is located on
the right side of the cargo compartment slightly forward
of station 200.



T™ 1-1520-240-10

SECTION Ill. ENGINES AND RELATED SYSTEMS

2-3-1. Engines.

The CH-47D is powered by either two T55-L-712 or two
T55-GA-714A engines. The engines are housed in sepa-
rate nacelles mounted externally on each side of the aft
pylon. The engines have the capability to produce emer-
gency power on pilot demand. See Performance Charts
in Chapter 7 or Chapter 7A .

2-3-2. General

Each engine has a gas producer section and a power
turbine section. The gas producer supplies hot gases to
drive the power turbine. It also mechanically drives the
engine accessory gearbox. The power turbine shaft ex-
tends coaxially through the gas producer rotor and ro-
tates independently of it. The gas producer section and
the power turbine section are connected by only the hot
gases which pass from one section to the other.

During engine starting, air enters the engine inlet and is
compressed as it passes through seven axial stages and
one centrifugal stage of the compressor rotor. The com-
pressed air passes through a diffuser. Some of the air
enters the combustion chamber where it is mixed with
start fuel.

The mixture ignited by four igniter plugs. Some of the air
is directed to the fuel nozzles. After the engine is started,
it continues to operate on metered fuel supplied to the
fuel nozzles.

Hot expanding gases leave the combustion chamber and
drive a two-stage gas producer turbine. Energy from the
combustion gases also drives the two-stage power tur-
bine, which drives the power turbine shaft to the engine
transmission. The engine lubrication system has an inte-
gral oil tank which is inside the air inlet housing and is
serviced with approximately 12 quarts. (Refer to[tablel

2-15-1)

2-3-3. Engine Inlet Screens.

An engine inlet screen which minimizes foreign object
damage (FOD) is installed on each engine. The reduc-
tion in engine power available with screens installed is
negligible. The engine inlet screens have bypass panels.
These two panels are on the aft end of each screen.
Refer to Chapter 5 for information on use of bypass pan-
els. Helicopters with engine air particle separator (EAPS)
installed, refer to TM 1-1520-240-10 EAPS SUPPLE-
MENT.

2-3-4. Engine Anti-Icing.

The engine air inlet fairing and engine drive shaft fairing
receive anti-icing protection from the thermal radiation
produced by the oil tank in the engine inlet housing. The
hot oil in the oil cavity of the inlet housing warms the air
as it passes into the engine inlet.

2-3-5. Engine Power Control System . ¥l

Each engine is controlled by a separate power control
system which includes cockpit controls and an engine

fuel control unit. Each system provides automatic control
of engine gas producer rotor speed and power turbine
speed in response to any setting of the engine controls
selected by the pilot. Engine gas producer rotor speed
(N1) and power turbine speed (N2) are controlled by the
fuel control unit, which varies the amount of fuel delivered
to the engine fuel nozzles. During normal operation, the
fuel control unit automatically controls fuel flow metering
during power changes, thus protecting the engine from
overspeed and overtemp. Fuel flow is automatically
monitored to compensate for changes in outside air tem-
perature and compressor discharge pressure.

2-3-6. Engine Fuel Control Units.

Each engine fuel control unit contains a single element
fuel pump, a gas producer speed governor, a power tur-
bine speed governor, an acceleration-deceleration con-
trol, a fuel flow limiter, a fuel control shutoff valve, and a
main metering valve. A gas producer (N1) lever and a
power turbine (N2) lever are mounted on the fuel control
unit.

Output power of the power turbine (a function of the
speed and torque) is restricted by limiting the maximum
fuel flow to the gas producer. Maximum gas producer
rotor speed is set by the ENG COND (engine condition)
levers in the cockpit. The ENG COND levers electrome-
chanically positions the gas producer lever, which con-
trols the fuel control fuel shutoff valve and operating level
of the gas producer. During flight, the ENG COND levers
are left at FLT and the output shaft speed is regulated by
the power turbine speed (N2) governor.

The power turbine lever is electromechanically posi-
tioned by the ENGINE BEEP TRIM switches, thrust con-
trol, and EMERG ENG TRIM (emergency engine trim)
switches. Output shaft torques are limited by the
fuel flow limiter, which limits the maximum fuel flow. The
position of the main metering valve is determined by the
gas producer speed governor, power turbine speed gov-
ernor, the acceleration-deceleration control, or the fuel
flow limiter, depending on engine requirements at that
time. The governor or the control unit demanding the
least fuel flow overrides the other in regulating the meter-
ing valve.

2-3-7. Speed Governing.

The power turbine speed governor senses the speed of
the power turbine and regulates the amount of fuel which
is supplied to the gas producer. This slows down or
speeds up the gas producer rotor so that power turbine
and rotor system speed remains nearly constant as loads
vary.

At minimum rotor blade pitch, the amount of power re-
quired is at minimum. As pitch is increased, power tur-
bine speed (N2) starts to decrease since more power is
required from the engine to maintain a constant rotor
speed. The power turbine speed governor senses the
decrease of N2 RPM and increases the flow of fuel to the
gas producer. Decreasing pitch causes N2 to increase.

2-3-1
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The power turbine governor senses the increases and
reduces the flow of fuel to the gas producer, thus de-
creasing the engine output power.

The power turbine speed governor allows the power tur-
bine output speed to decrease (droop) approximately 10
percent when the power loading varies from minimum to
full load. This is minimized by a droop eliminator linked
to the thrust control rod. The droop eliminator automati-
cally changes the power turbine lever to compensate for
droop as pitch is increased or decreased. Another type
of droop, which is only transient, occurs as a result of the
time required for the engine to respond to changing loads
due to system lag.

2-3-8. ENG COND Levers

Two ENG COND (engine condition) levers, one for each
engine are on the ENG COND panell{fig.2-3-1) of the
overhead switch panel. Each lever has three positions
labeled STOP, GND, and FLT. They are used to select
appropriate fuel flow rates for GND, FLT, and STOP (en-
gine shutdown). Power is supplied by the DC essential
buses through the ENGINE NO. 1 and NO. 2 COND
CONT circuit breakers on the No. 1 and No. 2 PDP.

Each ENG COND lever is spring-loaded outboard and is
inhibited by lock gates. They allow the pilot to proportion-
ally control acceleration of the gas producer from STOP
to FLT. Two engine control caution capsules are on the
master caution panel [fig 2-14-5). They are labeled NO.
1 ENG N1 CONT and NO. 2 ENG N1 CONT. The cap-
sules normally illuminate when the ENG COND levers or
the N1 actuators are at an intermediate position between
STOP, GND, or FLT. They extinguish when the ENG
COND lever and N1 actuator positions agree. However,
they remain illuminated if a component of the system
(actuator, control box, or condition panel) has failed in
other than a detent position. Power is supplied by the DC
essential bus through the LIGHTING CAUTION PNL cir-
cuit breaker on the No. 1 PDP.
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Figure 2-3-1. Engine Condition Panel
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CAUTION

When the ENG COND lever is placed to
GND during start sequence, the N1 actua-
tor could inadvertently go beyond the
ground position. The respective ENG N1
COND caution capsule will illuminate.
However, ignition will still occur if the start
switch is moved to START, thus resulting
in a possible engine runaway.

CAUTION

When adjusting controls or switches on
the overhead switch panel, make sure
gloves or sleeves do not catch and inad-
vertently move the ENG COND levers.

The ENG COND lever must be at GND before the engine
will start. When an ENG COND lever is advanced from
STOP to GND, power is then supplied to the electrome-
chanical actuator which establishes an appropriate fuel
flow rate at ground idle. The speed of the gas producer
with the lever at GND should be 60 to 63 percent N1.
When an ENG COND lever is moved to FLT, the engine
is operating within the N2 governing range, unless the
engine is “topped out” at which time it goes back to N1
governing. The N2 governor then takes control to main-
tain selected rotor RPM (RRPM) in response to the en-
gine beep trim switches and collective pitch changes,
When an ENG COND lever is moved to STOP, the gas
producer lever closes the fuel control fuel shutoff valve
which stops fuel flow to the gas producer.

Each electrical system is completely separate and a fail-
ure in one system will not affect the other. A built-in me-
chanical brake holds the actuator at its last selected posi-
tion if loss of electrical power occurs. ENG COND lever
friction is provided to reduce the possibility of overtorqu-
ing the engine transmissions by resisting movement of
the ENG COND levers. The ENG COND lever friction
brake cannot be adjusted by the pilot and a force of 4 to
5 pounds is needed to move them.

2-3-9. Normal Engine Beep Trim Switches.

On 712 engine installations engine beep trim
switches are active at all times during normal operation.

Two momentary switches are on the auxiliary switch
bracket of each THRUST CONT lever and are labeled
ENGINE BEEP TRIM [fig. 2-5-1). Both switches have an
RPM INCREASE, RPM DECREASE, and a neutral posi-
tion. One switchislabled NO. 1 & 2 whichis normal-
ly used to select desired RRPM. The second switch is
labeled NO. 1 which will only affect the No. 1 engine and
is used to match engine loads which are indicated by the
dual torquemeters.



Power to operate the beep trim system is supplied
by the DC and AC buses. DC power to operate a trim
motor in the power turbine control box, which unbalances
a control circuit, is supplied by the corresponding No. 1
or No. 2 DC buses through the ENGINE NO. 1 or NO. 2
TRIM circuit breakers on the No. 1 or No. 2 PDP. The
unbalanced control circuit causes the AC power from the
No. 1 or No. 2 AC buses through the ENGINE NO. 1 or
NO. 2 TRIM & TIMER circuit breakers on the No. 1 or No.
2 PDP to be transformed and rectified to DC voltage. This
DC power operates the power turbine actuator on the
engine fuel control.

NOTE

No two engines provide matched perfor-
mance with regard to torque, RPM, PTIT, or
fuel flow. With torque matched all other pa-
rameters may not be matched.

Holding the No. 1 & 2 switch forward (RPM IN-
CREASE) willincrease the RRPM. Holding the switch aft
(RPM DECREASE) will decrease the RRPM. When the
switch is released, it returns to the center or neutral posi-
tion. The switch electrically controls both power turbines
by movement of the N2 actuator through each engine
power turbine control box.

The procedure for matching engine load requires that
NO. 1 & 2 engine beep switch be used in conjunction with
NO. 1 engine beep switch. When NO. 1 engine beep
switch is moved forward (RPM INCREASE), the torque
of No. 1 engine increases. At the same time RRPM in-
creases, even though No. 2 engine torque decreases
slightly. Moving NO. 1 & 2 engine beep trim switch aft
(RPM DECREASE) causes both engine torques to de-
crease and reduce RRPM. If torques are still not
matched, this procedure is continued until torques are
matched and desired RRPM is attained. The opposite
action occurs when NO. 1 engine beep switch is moved
aft.

The engine beep trim switches should not be used during
power changes initiated by thrust lever movement be-
cause RRPM droop should only be momentary. The en-
gine beep trim system adjusts engine RPM only if the
respective ENG COND leveris at FLT. At STOP or GND,
it is possible to move the power turbine lever by moving
the engine beep trim switches to RPM DECREASE or
RPM INCREASE, butin either case, engine RPM will not
be affected because the engine is not operating in the N2
governing range.

2-3-10. EMERG ENG TRIM Panel

The EMERG ENG TRIM (emergency engine) panel is
located on the center console (fig, 2-3-2)| The panel con-
sists of two guarded normal engine trim system disabled
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switches and two momentary emergency engine trim
switches.

a. Normal Engine Trim System Disable
Switches. The guarded switches permit the pilot to dis-
able either or both normal beep trim systems. This pre-
vents unwanted signals from the normal beep trim sys-
tem to interfere with the operation of the emergency
engine trim system. Each switch is labeled AUTO and
MANUAL. When either switch is at MANUAL, the respec-
tive normal beep trim system is disabled (115-volt AC
from AC bus to the engine power turbine control box is
interrupted). When the switch is at AUTO (cover down),
the normal beep trim system is functional (115-volt AC
from the AC bus is reconnected to the associated engine
power turbine control box). Refer to Chapter 9 for emer-
gency engine trim operation.

CAUTION

Engine response is much faster when
RRPM is controlled with emergency en-
gine beep trim system. It is possible to
beep therotor speed below safe operating
speed and low enough to disconnect the
generators from the buses. The genera-
tors are disconnected at 85% to 82%
RRPM after a 3to 7 second time delay.

b. Emergency Engine Trim Switches. Each mo-
mentary switch is used to change the power turbine
speed of its respective engine if the power turbine control
box (normal beep trim system) malfunction.

When the normal trim system fails, the droop eliminator
also fails to function. Both switches have an INC, DECR,
and spring-loaded center position. When one of the
switches is held at INC, power from the essential DC bus
goes directly to the respective power turbine actuator
and increases the lever setting and the power turbine
speed. When the switch is held at DECR, the lever set-
ting is decreased, and the power turbine speed is de-
creased.

The emergency engine trim switches are to be used
when the normal beep trim system is disabled. If one of
the switches is used while the respective power turbine
control box is functioning normally, the power turbine
actuator setting will temporarily change but will return to
its original setting when the switch is released. Power to
operate the emergency engine beep trim switches and
actuators is supplied by the essential DC bus through the
NO. 1 and NO. 2 EMERG ENG TRIM circuit breakers on
the No. 1 and No. 2 PDP.

2-3-3
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Figure 2-3-2. Emergency Engine Trim Panel

2-3-11. Emergency Power System.

CAUTION

To prevent damage, monitor the torque
and the PTIT indicators when operating
with emergency power. Failure to observe
these indicators could result in serious
damage to the drive train and engine.

An emergency power system is included with T55-L-712
engines. With the emergency power system, increased
power is available on pilot demand and is actuated by
raising the thrust control into the emergency power
range. Refer to Chapter 5 for limitations on its use.

When fuel flow increases to the point where PTIT is 890°
to 910°C, the EMERG PWR lights will illuminate on the
copilotand pilotinstrument console (17[fig. 2-1-A1and 18,
EEZ;_;L;QI). If temperature is maintained in this range for
more than 5 seconds, the associated indicator will apply
28-volt DC fromthe ENGINE NO. 1 and/or NO. 2 START
& TEMP circuit breaker to the EMERGENCY POWER
panel. With 28-volt DC applied to the panel, the applica-
ble emergency power timer will start, and the indicator
will display a black-and-white flag. When thrust is re-
duced below the emergency power level, the emergency
power light will extinguish and the timer will stop. Howev-
er, the emergency power indicator will continue to display
the black-and white flag. The flag can be reset on the

ground only.
WARNINGI

Before flight, be sure the two topping
stops are in their stowed position on the
right side of the console. If stops are not
stowed, be surethe stops are notinstalled
on the fuel controls before you start the
engine. Failure to check may result in in-
ability to achieve emergency power in an
emergency.

Topping stops are stowed on each helicopter. The stops
are installed on the N1 control of each engine for mainte-
nance engine topping checks. The stops provide an es-
tablished fuel flow when topping. When not in use, the
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stops are stowed on the right side of the center console
aft of the pedals.

2-3-12. EMERGENCY POWER Panel.

The EMERGENCY POWER panelis located on the over-
head switch panell(fig. 2-3-3). It consists of an emergen-
cy power indicator and a digital timer for each engine.
They are labeled NO. 1 and NO. 2 ENGINE. The timer
counts the minutes that emergency power is in use.

2-3-13. Oil Supply System.

The oil supply system is an integral part of the engine.
The oil tank is part of the air inlet housing and the filler
neck is on the top of the housing. An oil level indicator is
on the left side of the engine inlet housing. Refer to tablel
for the tank capacity. If the oil level decreases to
about 2 quarts usable, the corresponding ENG OIL LOW
caution capsule will illuminate.
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Figure 2-3-3. Emergency Power Panel

2-3-14. Engine Start System.

The engine start system includes the hydraulic starters
on each engine, the engine start valves and the solenoid-
operated pilot valves on the utility system pressure con-
trol modules, the START switch, and the start fuel sole-
noids and ignition exciters on the engines.

When the start switch is moved to MTR, the respective
engine STARTER ON indicator light illuminates and the
start valve opens [fig. 2-3-4). The start valve applies
utility system pressure from the APU to the engine start-
er: rotating the engine starter and compressor. At 15
percent N1, the ENG COND lever is moved to GND. The
start switch is immediately moved to START, energizing
the ignition exciter. Start fuel is sprayed into the combus-
tor and combustion begins. Before PTIT reaches 200°C,
the START switch is manually released to MTR. At MTR,
the start fuel valve is closed and the ignition exciter is
deenergized.

The engine then accelerates to ground idle speed. At 50
percent N1, the START switch is manually moved to the
locked OFF position. At OFF, the pilot valve closes, clos-
ing the start valve and deenergizing the STARTER ON
indicator light. A relay in each engine start circuit is ener-
gized when either START switch is at MTR or START.
The relay, when energized, disables the start circuit of
the opposite engine, thus preventing simultaneous dual
engine starts. Power is supplied by the No. 1 and No. 2
DC essential buses through the ENGINE NO. 1 and NO.
2 START & TEMP AND IGN CIRCUIT BREAKERS ON
THE No. 1 AND No. 2 PDP.
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Figure 2-3-4. ENGINE START PANEL
2-3-15. START Panel.

The START panelis located on the overhead switch pan-
ellfig. 2-3-4). It consists of the ENG 1 and ENG 2 START-
ER ON indicator lights and two start switches.

a. Start Switches. The switches are labeled OFF,
MTR, and START. They are locked in OFF, detented in
MTR and spring-loaded from START to MTR. At MTR,
the engine is rotated by the starter, but ignition and start
fuel circuits are deenergized. At START, the engine is
rotated with start fuel and the ignition circuits are energi-
zed. MTR is selected during starting, in case of engine
fire or to clear the combustion chamber.

b. STARTER ON Indicator Lights. The STARTER
ON indicator lights will illuminate when the associated
START switch is moved to MTR or START. The light
alerts the pilots when the START switch is inadvertently
leftat MTR. Power is supplied by the No. 1 and No. 2 DC
essential buses through the ENGINE NO. 1 and NO. 2
START & TEMP circuit breakers on the No. 1 and No. 2
PDP.

2-3-16. Ignition Lock Switch.

An ignition system lock switch (11,[fig. 2-1-3) is installed
on the right side of the console forward of the thrust lever.
The key-operated switch prevents unauthorized use of
the helicopter. When the switch is off, the circuits of the
ignition exciters and the start fuel solenoids of both en-
gines are open. Therefore, the engines cannot be star-
ted. Be sure both START switches are OFF before turn-
ing the ignition lock switch ON or OFF.

2-3-17. Engine Instruments and Cautions.

The engine instruments are the gas producer tachome-
ter, the dual torquemeter, power turbine inlet tempera-
ture (PTIT), fuel flow, oil pressure and oil temperature
indicators. The caution capsules are the NO. 1 and NO.
2 ENGINE OIL LOW and the NO. 1 and NO. 2 ENG CHIP
DET.

2-3-18. Gas Producer Tachometer.

Two gas producer tachometers (N1), one for each en-
gine, are on the center instrument panel (6 [fig. 2-1-8land
6, 2-1-12), above the PTIT indicators. Each tachometer
displays gas producer turbine speed in percent of N1.
Each tachometer operates from power supplied by a gas
producer tachometer generator on the accessory gear
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box section of each engine. The outer scale of the
tachometer is calibrated from 0 to 100 in increments of
two. The smaller, vernier scale is calibrated from 0 to 10,
inincrements of one. Thetachometeris calibrated
from 0 to 110.

2-3-19. Torquemeter.

One torquemeter is on the copilot instrument panel and
the other on the pilot instrument panel (1,[fig. 2-1=7]and
17,[fig. 2-1-9). Each torquemeter has two pointers, one
for each engine, labeled 1 and 2. Each torquemeter has
a range of 0 to 150 percent. The system consists of a
power output shaft, torquemeter head assembly, power
supply unit, ratio detector power supply unit
(RDPS), and a torquemeter junction box. Power to oper-
ate the torquemeter is provided by No. 1 and No. 2 AC
buses through the ENGINE NO. 1 and NO. 2 TORQUE
circuit breakers on the No. 1 and No. 2 PDP. Power for
the power supply unit and RDPS is provided by
the No. 1 and No. 2 DC buses through the DC ENGINE
NO. 1 and NO. 2 TORQUE circuit breakers on the No. 1
and No. 2 PDP.

2-3-20. Power Turbine Inlet Temperature Indica-
tors.

Two power turbine inlet temperature (PTIT) indicators,
one for each engine, are on the center instrument panel
(7,fig—2-1-8] 7, fig.2-1-12)| Each indicator is calibrated
from 0° to 1,200°C. The temperatures registered on the
PTIT indicator are transmitted by chromel-alumel ther-
mocouples. the thermocouples sense gas temperature
at the power turbine inlet and transmit an average gas
temperature reading to the PTIT indicator in the cockpit.
When power turbine inlet temperature increases to
the emergency power range, the EMERG PWR indicator
light will illuminate and DC power is supplied to the
EMERGENCY POWER panel. When power turb-
ine inlet temperature increases to the contingency power
range, the ENG CONT PWR master caution advisory
panel capsule will illuminate.

2-3-21. Engine Oil Pressure Indicator.

An engine oil pressure indicator on the center instrument
panel is provided for each engine (17,[fig. 2-1-8]and
2-1-12). Each indicator relates pressure sensed at No. 2
bearing by an oil pressure transmitter mounted near the
engine. Each engine oil pressure indicator displays a
pressure range from 0 to 200 psi. Power to operate the
engine oil pressure circuit is supplied by the AC instru-
ment buses through the ENGINE NO. 1 and NO. 2 OIL
PRESS circuit breakers on the No. 1 and No. 2 PDP.

2-3-22. Engine Oil Temperature Indicator.

Two engine oil temperature indicators are on the center
the instrument panel (18, ffig. 2-1-8Jand 2-1-12). Each
engine oil temperature indicator is calibrated from -70°
to + 150°C. A temperature probe within the lubrication
lines of the engine, before the fuel-oil cooler, is the point
atwhich the temperature is sensed. Power to operate the
resistance-type oil temperature circuit is supplied by the
No. 1 and No. 2 DC buses through the ENGINE NO. 1
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and NO. 2 OIL TEMP circuit breakers on the No. 1 and
No. 2 PDP.

2-3-23. Engine Caution Capsules. The follow-
ing items are in reference to|Fig. 2-14-5

a. NO. 1 (2) ENGINE OIL LOW. This is illuminated
when approximately 2 quarts of usable oil is remaining in
the engine oil tank.

b. NO. 1 (2) ENG CHIP DET. This is illuminated if
a detector is bridged by ferrous metal particles which
may indicate impending engine or engine transmission
failure.

c. NO. 1 (2) ENG N1 CONT. This is illuminated
when the ECL is not in the STOP, GROUND or FLIGHT
detent or when the ECL position does not agree with the
N1 actuator position.

2-3-24. Engine CAUTION/ADVISORY Capsules.
The following items are referenced in[Fig. 2-14-6]

a ENG 1 (2) FAIL. Active when the engine failure
logic in the DECU detects a failed engine condition. The
engine failure logic is active when N1 is greater than 60%
and the ECL position is greater than 50°(within 10° of
FLT position). The engine failure logic in each DECU is
used to recognize any of the following:

(1) Power turbine shaft failure. N2 is greater
than RRPM by more than 3 percent.

(2) N1 underspeed.

(3) Engine flameout.

(4) Overtemperature start abort (Primary mode
only).

(5) During normal shutdown as the N1 goes be-
low 48 percent the ENG 1 (2) FAIL caution is illuminated
for 12 seconds, this is a BIT self system check.

b. FADEC 1 (2). Active if Primary FADEC System
hard fails.

c. REV1(2).Activeif Reversionary FADEC system
hard fails.

d. ENG 1 (2) OIL LVL. Active when approximately 2
quarts of usable oil is remaining in the engine oil tank.

e. ENG 1 (2) CHIP DETR. Active if a detector is
bridged by ferrous metal particles which may indicate
impending engine or engine transmission failure.

f. ENG CONT PWR. Active when power turbine
inlet temperature is in the contingency power range.
2-3-25. Engine Chip Detectors.

The engine accessory section oil sump and engine trans-
mission chip detectors are electrically connected to the
corresponding NO. 1 or NO. 2 ENG CHIP DET caution
capsule on the master caution panel(fig. 2-14-6). If a
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detector is bridged by ferrous metal particles, which may
indicate impending engine or engine transmission fail-
ure, the corresponding NO. 1 or 2 ENG CHIP DET cau-
tion capsule willilluminate. Also, the associated ENGINE
CHIP DETECTOR or ENGINE TRANSMISSION CHIP
DETECTOR magnetic indicator on the MAINTENANCE
PANEL[(fig. 2-9-P) will latch. Refer to Chapter 9 for emer-
gency procedures.

2-3-26. Engine Chip Detector Fuzz Burn-Off.

Helicopters equipped with the chip detector fuzz burn -off
system in the engine are identified by a module labeled
PWR MDL CHIP BURN-OFF located below the MAIN-
TENANCE PANEL. The chip detector fuzz burn-off sys-
tem employs an automatically operated fuzz burn-off
electrical circuit with the ability to eliminate nuisance chip
lights caused by minute ferrous metallic fuzz or ferrous
metallic particles on the engine accessory gear box
(AGB) chip detectors. The response time of the fuzz
burn-off circuit is more rapid than that of the helicopter
warning system; thus a successful fuzz burn-off will be
accomplished before any caution capsule on the master
caution panel illuminates. Should the particle or particles
not burn-off, the NO. 1 or NO. 2 ENG CHIP DET caution
capsule will illuminate. Also, the corresponding ENGINE
CHIP DETECTOR or ENGINE TRANSMISSION CHIP
DETECTOR magnetic indicator on the MAINTENANCE
PANEL will latch. Power for the PWR MDL CHIP BURN-
OFF is supplied by the No. 1 DC bus through the HY-
DRAULICS MAINT PNL circuit breaker onthe No. 1 PDP.

2-3-27. Engine Interstage Air Bleed.
NOTE

Bleed band oscillations at low torque settings
(approximately 30% torque per engine), indi-
cated by fluctuating RRPM and torque, can
occur and are not cause for engine rejection.

To aid compressor rotor acceleration and prevent com-
pressor stall, an interstage air bleed system is provided
on each engine. A series of vent holes through the com-
pressor housing at the sixth stage vane area allows pres-
surized air to bleed from the compressor area. This en-
ables the compressor rotor to quickly attain preselected
RPM. The pneumatic interstage air bleed actuator con-
trols operation of the air bleed by tightening or loosening
a metal band over the vent holes. Should the bleed band
malfunction and remain open, there would be a notice-
able loss in power. The interstage air bleed system
operates automatically when the ENG COND levers or
the engine beep trim switches are used to govern RPM.
The interstage air bleed system operates auto-
matically through the FADEC system.

2-3-28. Engine Drain Valves.

Pressure-operated engine drain valves are in the bottom
of each engine combustion housing. The valves auto-
matically drain unburned fuel from the combustion cham-
ber following an aborted start or whenever the engine is
shut down. One valve is at the forward end of the com-



bustion camber and the other is at the aft end to ensure
complete drainage.

2-3-29. FADEC Description.

Each engine is controlled by its own Full Authority
Digital Electronic control System (FADEC) which pro-
vides the following features:

a. Automatic start scheduling.
b. 1 and 2 engine load sharing.
c. Power turbine speed governing.

d. Transient load anticipation (using rotor speed
and collective pitch rates).

e. Transient torque smoothing (using N2 rates).

f.  Contingency power capability to meet aircraft de-
mand.

g. Acceleration and deceleration control.

h. Engine temperature limiting throughout the oper-
ating range.

i. Surge avoidance.

j. Compressor bleed band scheduling..
k. Fuel flow limiting.

I.  Engine fail detection.

m. Power assurance test.

n. Engine history/fault recording.

o]

Engine-to-engine communication (via data

bus):

p. Automatic switchover to reversionary backup in
the event of a FADEC primary system failure.

The FADEC provides automatic engine start, simulta-
neously sequencing ignition, start fuel, and stabilized
operation at idle. A data link between 1 and 2 engine
FADEC systems transmits signals to achieve load sha-
ring. It also provides control of N1 speed and NR (N2)
output shaft speed to maintain the rotor system at a near
constant RRPM throughout all flight power demand con-
ditions. FADEC provides smooth acceleration and over-
temperature protection when ECLs (both together) are
moved from GROUND to FLIGHT. Overtemperature
protection is provided (through the DECU temperature
limiting function) by control system thermocouple inter-
face at the power turbine inlet. The control system
compares PTIT temperature signals with reference limits
to calculate and provide appropriate N1 acceleration.
During starts, an absolute 816°C limit is set and if ex-
ceeded an engine out indication and shutdown will occur.
If compressor performance deteriorates for any reason,
surge detection automatically allows recovery from com-
pressor instability while protecting the engine from dam-
age due to overtemperature.

The FADEC system consists of:
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g. The Digital Electronic Control Unit (DECU) in-
cludes a primary mode and a reversionary section for

backup [(fig. 2-3-7).

r. The Hydromechanical Metering Assembly
(HMA), includes Hydromechanical Fuel Metering Unit
(HMU) and fuel pump unit for all fuel metering to support
both primary and reversionary fuel metering, a self-con-
tained alternator for powering the FADEC electronics, a
primary and revisionary compressor bleed air control,
and redundant speed sensing.

s. ENG COND panel{fig-2-3-5).

t. FADEC control panelL(fig. 2-3-6)).

u. RPM INC/DEC (Beep) switch THRUST CONT
Lever.

(1) On FTIN engine installations, engine beep
switches are only active when in reversionary mode.

(2) Eachswitchislabeled NO. 1 or NO. 2 which
is used to adjust RRPM when in reversionary mode.

(3) Operation of the beep switches on the
in the reversionary mode are the same as for the
except that each switch operates respective en-
gine independently. If only one engine is in reversionary
mode, the RRPM will not change, as itis governed by the
engine in primary mode.

2-3-30. Reversionary System.

NOTE

Aircrew should be alert to the possibility of
abrupt NR and engine power changes when
operating the FADEC in single or dual engine
REV mode (s).

The reversionary (backup mode) automatically takes
control of the engine if the primary mode fails or if se-
lected by the operator via the FADEC panel, REV switch.

When an engine is operating in reversionary mode,
FADEC provides engine and rotor control through N1
speed governor, beep control, and thrust pitch
compensator.

When both engines are in reversionary mode, RRPM will
require more pilot attention since proportional rotor
speed governor will not hold speed as accurately as the
primary systems. With large collective changes, the rotor
speed can change up to =3 percent from a nominal
setting.

The reversionary system provides the following control
functions:

a. Automatic start sequencing including over tem-
perature protection, but not start abort.

b. Pilot controlled start fuel enrichment/derichment,
if required, through ECL modulation.

c. Groundidle set55 +5 percent with ECL at GND.
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d. RRPM droop compensation based on thrust le-
ver position.

e. Beep capability becomes active for load match to
other engine.

f.  Full contingency power capability.

g. Over temperature protection throughout opera-
tion.

h. Engine shutdown in response to ECL being
placed at STOP

i.  Tracking of primary mode during normal primary
mode operation allowing a smooth switchover when se-
lected.

If in reversionary mode for any reason (training) and
there is a reversionary failure, the FADEC will not auto-
matically switch back to the primary mode. The pilot must
manually select PRI mode.

CAUTION

If both the primary and reversionary sys-
tem fail, the engineremains at the fuel flow
being used at the time of the failure. When
afailed fixed fuel flow condition exists, the
ECL and the beep trim switch for the af-
fected engine is inoperative, therefore
there is no proportional control through
ECL except under some conditions STOP.
Engine shutdown may be accomplished
by moving the ECL from its present posi-
tion to STOP. Under these conditions, the
ENG 1 (2) FAIL and/or FADEC 1 (2) cau-
tions are illuminated.

NOTE

If FADEC and/or REV and ENG FAIL lights
are illuminated (which signifies a fuel flow
fixed condition), toggling the PRI/REV switch
reboots the microprocessor in the DECU. If it
is a spurious fault, the lights extinguish except
the REV light. If the hard fault is real, the REV
and ENG FAIL lights illuminate again but not
the FADEC light.

When taking off with one engine in reversionary mode
the procedure is, before lift-off, the engine still in PRI
mode is used to set the correct rotor speed via the
FADEC NR% switch. The operator then uses the beep
switch of the engine in reversionary mode to match en-
gine torque.
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2-3-31. ENG COND Panel.

CAUTION

When adjusting controls or switches on
the overhead switch panel, make sure
gloves or sleeves do not catch and inad-
vertently move the ENG COND levers.

The ENG COND panelis located in the overhead switch
panel [fig. 2-3-5).

NO.1 and NO. 2 ENG COND Levers. The ENG COND
Levers (ECL) provide the pilot with proportional accelera-
tion and deceleration authority. The ECLS are spring-
loaded outboard creating a gated motion when ad-
vanced from the STOP to GND and to FLT positions.
ENG COND lever friction is provided to reduce the possi-
bility of over-torque transmissions by resisting rapid
movement of the levers.

2-3-32. FADEC Panel.

The FADEC panel is located on the overhead switch
panel|(fig. 2-3-6). It comprises of the following:

a. NR % Switch. The NR% switch controls a_rheo-
stat which allows the operator to select any RRPM be-
tween 97% and 103%. There are detents at 97%. 100%
and 103%. With the ECL(s) in FLT, NR will be maintained
at the selected speed. 100% is the normal position.

b. PRI/REV Switches. The primary mode is the nor-
mal mode of operation. The REV (reversionary) mode is
selected as a backup mode or is automatically selected
if the primary system has a hard fault failure. A hard fault
failure is defined as one in which normal primary system
performance might be jeopardized. Other failures are
classified as soft failures when the system is fault tolerant
and can continue fully operational with the fault signal
present.

c. BU/PWR Switch. The Back-Up Power switch
when ON connects the aircraft battery relay and essen-

tial relay.
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Figure 2-3-5. Engine Condition Panel



This provides the FADEC system with back up electrical
power in the event of a HMU integral alternator failure
thus preventing loss of the PRI mode. Placing the B/U
PWR switch to OFF will reduce operating time on the
FADEC circuitry. The B/U PWR switch should always be
ON during engine operation.

d. OSPD 1, 2 Switch. The Over Speed test switch is
a three position switch used to test the FADEC over-
speed system. In the event of a NR overspeed of 114.8
percent, FADEC reduces fuel flow to a ground idle condi-
tion. The system remains activated until the overspeed
condition no longer exists, and will re-activate as soon as
an overspeed re-occurs. The system contains provisions
to inhibit overspeed trip command if the other engine has
experienced a overspeed trip condition. To prevent inad-
vertent operation during flight, this test is locked out if NR
is greater than 81.3 percent. When performing an over-
speed test with the engine running and the RRPM
79.0 = 1%, pressing the test switch to 1 or 2, lowers the
overspeed trip threshold to 79.0 = 1% NR. At this time the
system senses an overspeed and reduces the fuel flow.

e. LOAD SHARE, PTIT/TRQ Switch. The primary
FADEC system provides pilot selectable engine torque
PTIT matching to govern the engines. Torque matching
is normally the preferred option. The selected parameter
is constantly compared between the two engines until the
RRPM stabilizes at datum figure. The PTIT option may
be used when one engine is running hot. N1 matching is
engaged automatically if the selected matching mode
fails.

f. ENG START Switch. It is a three position switch,
spring loaded to the center position, labeled 1 and 2. Itis
used to commence the start sequence on the respective
engine.

2-3-33. DECU Unit.

The two airframe mounted DECU's, one for each engine,
contain the primary and reversionary mode electronics.
The DECUs are located on the left (sta 390) and right (sta
410) side of the aft cabin.

100 2
REV 9@” REV
PRI ENG START PRI
(©:
B/U PWR @
OFF LOAD SHARE

OSPD PTIT

p 80 @00

Figure 2-3-6. FADEC Panel %
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2-3-34. BIT.

The DECU contains a two-digit BIT display. When active,
the display indicates the operating status of the FADEC
system and power assurance test results. A complete list
of the FADEC BIT fault codes are located at

The fault monitoring carried out by the DECU consists of:

a. Power up tests.
b. Fault tests designed to discover dormant faults.

c. Asetofrepeated monitoring tests to detect faults
occurring during normal operation.
Fault information for the previous or current engine cycle
can be seen on the DECU BIT display. The last engine
cycleisresetonthe first occurrence of start mode and not
on engine shutdown. During engine shutdown (when
ECL is at STOP or N1 is less than 10 percent) faults are
not stored. Fault indications are stored in the DECU and
are retained throughout the life of the control unit. How-
ever, faultinformation prior to the previous cycle can only
be accessed with specialized test equipment. During en-
gine start the DECU BIT displays 88 for satisfactory test
or if the test fails, a fault code. Faults are classified as
either “HARD” or “SOFT". In primary mode a hard fault
will cause the FADEC to transfer to Reversionary , while
in Reversionary a hard fault will cause the FADEC to “fail
fixed” to a constant power condition. If a hard fault occurs
in Primary after a hard fault exists in reversionary then
the primary will fail fixed. In the event of a soft fault the
FADEC will remain in the mode it was in prior to the fault
but there may be some degradation or redundancy. All
soft faults are less severe than a hard fault since the
FADEC will not switch modes due to a soft fault.

The activation of the BIT display is dependent upon the
position of the ECL as follows:

a. With the ECL at STOP, the fault information for
the last engine cycle and current faults are displayed.

b. When the ECL is positioned at GROUND only
current faults are displayed.

c. When the ECL is positioned at FLIGHT the dis-
play will be turned off except as required for Power Assur-
ance Test (PAT).

2-3-35. Starting in Primary Mode.

CAUTION

The (P3) compressor pressure signal line
going to the DECU contains a manually
operated moisture drain valve. This valve
shall not be drained while the engine is

running.

NOTE
Engine may not start if REV fail caution is
illuminated.

In primary mode, engine start is initiated with the ECL in
the GND position. Select and hold the respective ENG
START switch and allow the engine to accelerate to 10

2-3-9
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Figure 2-3-7. DECU Panel

percent N1 then release the ENG START switch. The
automatic start sequence has been energized and FA-
DEC will complete the start. When an engine start is
energized, FADEC turns on the engine start solenoid to
introduce fuel flow and energize the engine igniters. Suc-
cessful engine ignition is immediately indicated to FA-
DEC by an increase of PTIT or compressor speed (N1).
Engine temperature is monitored throughout the se-
guence and will result in a fuel flow reduction if the tem-
perature exceeds 650°C with a full cutback to minimum
flow limit at 760°C. The starter motor and igniter are
automatically turned off when N1 speed exceeds 48 per-
cent. Ground idle is 50 to 59 percent and is corrected for
temperature. The engine is allowed to take 45 seconds
to stabilize at ground idle.

2-3-36. Engine Start Abort.

PTIT above 816°C will cause immediate fuel shutoff to
below minimum fuel flow. The ECL must be retarded to
STOP to achieve total fuel shutoff. A start abort results in
the ENG 1 (2) FAIL warning to be illuminated until the
abort is reset by moving the ECL to STOP.

2-3-37. Starting in Reversionary Mode.

The initial start sequence in reversionary mode is the
same as in primary mode except, when N1 reaches 8
percent, the control system turns on the engine start fuel
solenoid to provide an initial altitude biased fuel flow and
activates the igniters and latches the starter motor. The
pilot can modulate fuel flow to the engine with ECL to
start the engine at a desired acceleration rate. Tempera-
ture and temperature rate limiters are the same as in

2-3-10

primary mode except that the over temperature start
abort facility is not provided.

Alternate Reversionary Starting. For most conditions, a
start is successfully completed with the ECL held at the
GND position. However, if the engine fails to start due to
either arich or lean hung start condition, the pilot may use
the ECL toincrease or decrease the start flow as required
to complete a successful start.

a. Reversionary Rich Hung Start. A rich hung start
is characterized by N1 holding at about 40 percent and
PTIT climbing above 600°C. If a rich hung start is experi-
enced.

(1) Set the affected engine ECL to STOP.

(2) Allow PTIT to decay to 260°C or below (mo-
tor engine as required).

(3) Check N1 0O percent.

(4) Advance ECL half the distance between
STOP and GND (15°).

(5) Motorengine using ENG START switch until
10% N1 and then release switch.

(6) Afterengineignition (PTIT rising), slowly ad-
vance ECL to GND. Check that N1 is stabilized at ground
idle.

b. Reversionary Lean Hung Start. A lean hung start
is characterized by N1 hanging approximately 30 percent
and PTIT remaining below 500°C. If a lean hung start is
experienced.

(1) Slowly advance the hung engine ECL to
achieve acceleration (maximum of one-third travel from
GND to FLT).

(2) Retardthe ECL to GROUND as ground idle
speed is approached. Check that N1 is stabilized at
ground idle.

2-3-38. Starting Cycle, Aborting and Motoring.

A starting cycle can be aborted at any time by moving the
ECL to STOP.

2-3-39. Power Assurance Test Switch.

The primary FADEC will perform a BIT whenever the
PWR ASSURANCE TEST switch has been place to the
desired engine position. The switch is located below the
maintenance panel at station 524. The switch is label
1/OFF/2 and spring loaded to OFF. The results of the test
are displayed in the DECU BIT window.

2-3-40. Engine Wash System.

The helicopter is equipped with an engine wash system
for each engine. Air and water connections are externally
mounted inboard of each engine work platform. A series
of spray nozzles are installed at the engine inlet and air
lines are routed to the bleed band actuator.



Table 2-3-1. T55-GA-714A DECU BIT Fault Code List/Matrix
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The DECU fault code matrix will be consulted when anything other than 88 is displayed on the DECU Hex display during
the DECU Pre-Start, Start, or Shutdown BIT checks. The matrix lists DECU fault codes, type of fault, aircraft operational
effect, pilot actions require, and overall mission impact.

Abort mission is defined as: perform a normal engine shutdown and make appropriate entries on the DA Form

2408-13-1.

Continue mission is defined as: the crew may complete the present day’s mission but maintenance troubleshooting
actions are required prior to the next mission.

DECU Fault
Code(s) Fault Operational Effect Pilot Action Mission Impact
10 DECU internal hard fault. = FADEC light N/A Abort Mission
Aircraft won't start in Primary
11 DECU internal hard fault. = FADEC light N/A Abort Mission
Aircraft won't start in Primary
12 DECU internal soft fault. N/A Make an entry on  Continue Mission
the DA Form
2408-13-1 even if
fault code clears.
13 DECU internal soft fault. N/A Make an entry on  Continue Mission
the DA Form
2408-13-1 even if
fault code clears.
14 DECU internal soft fault. N/A N/A Continue Mission
15 DECU internal soft fault. N/A N/A Continue Mission
17 DECU internal soft fault. N/A Make an entry on  Continue Mission
the DA Form
2408-13-1 even if
fault code clears.
18 DECU internal soft fault. Without FADEC light N/A Continue Mission
18 DECU hard fault. With FADEC light N/A Abort Mission
1B DECU internal soft fault. N/A Make an entry on  Continue Mission
the DA Form
2408-13-1 even if
fault code clears.
1C DECU internal soft fault. Without FADEC light N/A Continue Mission
1C DECU hard fault. With FADEC light N/A Abort Mission
1E DECU internal hard fault. ~ With FADEC light N/A Abort Mission
Unable to start in Primary
1F DECU internal hard fault. = FADEC light N/A Abort Mission
Al DECU TQ soft fault. N/A Select PTIT Continue Mission
Check TQ AC/
DC CBs
Make an entry on
the DA Form

2408-13-1 even if
fault code clears.
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Table 2-3-1. T55-GA-714A DECU BIT Fault Code List/Matrix (Continued)

DECU Fault
Code(s) Fault Operational Effect Pilot Action Mission Impact
A2 DECU NR set soft fault. N/A N/A Continue Mission
A3 DECU thrust hard fault. REV light N/A Abort Mission
Unable to start in Primary and
Reversionary
A4 DECU NR soft fault. N/A N/A Continue Mission
A5 DECU ECL soft fault. N/A N/A Abort Mission
A6 DECU emergency bus N/A Check REV If CB in, Continue
soft fault. CONT CB Mission
If CB out and
can't reset, Abort
Mission
A7 DECU airframe bus soft N/A Check PRI If CB in, Continue
fault. CONT CB Mission
Back-up power If CB out and
ON can't reset, Abort
Mission
B2 DECU internal N1B hard ~ With REV light, N/A Abort Mission
fault. Unable to start in Primary or
Reversionary
B2 DECU N1B soft fault. Without REV light N/A Continue Mission
B3 DECU N2B soft fault. Overspeed system compro- Make an entry on  Continue Mission
mised the DA Form
2408-13-1 even if
fault code clears.
B4 DECU PTIT soft fault. N/A Perform REV Continue Mission
(DECU Pre- mode selected
start BIT start. Switch to
check) PRI when ground
idle is achieved.
Make an entry on
the DA Form
2408-13-1 even if
fault code clears.
B4 DECU PTIT soft fault. N/A N/A Continue Mission
(All other
DECU BIT
checks)
B5 DECU thrust soft fault. Without REV light N/A Continue Mission
B5 DECU thrust hard fault. With REV light, N/A Abort Mission

Unable to start in Primary or
Reversionary
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Table 2-3-1. T55-GA-714A DECU BIT Fault Code List/Matrix (Continued)

DECU Fault
Code(s) Fault Operational Effect Pilot Action Mission Impact
B6 DECU ECL soft fault. N/A N/A Abort Mission
B7 DECU PLA hard/soft fault. With or without REV light N/A Abort Mission
Unable to start in Primary or
Reversionary
B9 DECU cold junction com-  N/A Make an entry on  Continue Mission
pensation (CJCV) soft the DA Form
fault. 2408-13-1 even if
fault code clears.
BA DECU internal soft fault. N/A N/A Continue Mission
BB DECU internal soft fault. N/A N/A Continue Mission
BC DECU 400 Hz hard/soft With or without REV light N/A Abort Mission
fault.
C1 DECU communication soft N/A N/A Continue Mission
fault.
Cc2 DECU communication soft N/A N/A Continue Mission
fault.
C3 DECU communication soft N/A N/A Continue Mission
fault.
C4 DECU communication soft Unable to TQ share Switch to PTIT Continue Mission
fault. sharing
C5 DECU communication soft N/A N/A Continue Mission
fault.
C6 DECU communication soft N/A N/A Continue Mission
fault.
C7 DECU communication soft N/A N/A Continue Mission
fault.
More than DECU communication link N/A N/A Abort Mission
two codes, redundancy failure.
C1 through
Cc7
Cs8 DECU communication link N/A N/A Abort Mission
failure.
(04°] DECU N1 from the other Unable to N1 load share N/A Continue Mission
engine fails.
CF DECU load share hard FADEC light N/A Abort Mission
fault. Primary mode failed
DO DECU overspeed system  Overspeed system compro- N/A Continue Mission
soft fault. mised
D1 DECU P3 sensor soft Loss of surge protection N/A Abort Mission
fault.
D2 DECU P1 sensor hard With FADEC light N/A Abort Mission
fault.
D2 DECU P1 sensor soft Without FADEC light N/A Continue Mission
fault.
D3 DECU internal soft fault. N/A N/A Continue Mission
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Table 2-3-1. T55-GA-714A DECU BIT Fault Code List/Matrix (Continued)

DECU Fault
Code(s) Fault Operational Effect Pilot Action Mission Impact
D4 DECU internal power sup- FADEC light N/A Abort Mission
ply hard fault. Unable to start in Primary
D5 DECU internal power sup- FADEC light N/A Abort Mission
ply hard fault. DECU inter- Unable to start in Primary
nal hard fault.
D6 DECU internal hard fault. REV light N/A Abort Mission
Overspeed system compro-
mised
Unable to start in Primary and
Reversionary
D6 DECU internal soft fault. Without REV light N/A Continue Mission
D7 DECU internal power sup- FADEC light N/A Abort Mission
ply hard fault. Unable to start in Primary
D8 DECU internal soft fault N/A Make an entry on  Continue Mission
the DA Form
2408-13-1 even if
fault code clears.
D9 DECU internal soft fault. N/A N/A Continue Mission
DA DECU internal power sup- With or without REV light N/A Abort Mission
ply hard/soft fault. May be unable to start in Pri-
mary and Reversionary
DB DECU Reversionary sys-  With or without REV light N/A Abort Mission
tem hard/soft fault. May be unable to start in Pri-
mary and Reversionary
DC DECU internal PTIT soft N/A Make an entry on  Continue Mission
fault. the DA Form
2408-13-1 even if
fault code clears.
DD DECU overspeed system  N/A N/A Continue Mission
soft fault.
DE DECU 400 HZ hard/soft With or without REV light N/A Abort Mission
fault. May be unable to start in Pri-
mary and Reversionary
DF DECU internal hard fault. =~ FADEC light N/A Abort Mission
Unable to start in Primary
El DECU PTIT soft fault. N/A Perform REV Continue Mission
(DECU Pre- mode selected
start BIT start. Switch to
check) PRI when ground
idle is achieved.
Make an entry on
the DA Form
2408-13-1 even if
fault code clears.
El DECU PTIT soft fault. N/A Make an entry on  Continue Mission
(All other the DA Form
DECU BIT 2408-13-1 even if
checks) fault code clears.
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DECU Fault
Code(s) Fault Operational Effect Pilot Action Mission Impact
E2 DECU T1 sensor soft N/A N/A Continue Mission

fault.

E3 DECU N2A sensor soft N/A Make an entry on  Continue Mission
fault. the DA Form
2408-13-1 even if
fault code clears.
E4 DECU N2B sensor soft N/A Make an entry on  Continue Mission
fault. the DA Form
2408-13-1 even if
fault code clears.
E5 DECU N2 sensor differ- N/A N/A Abort Mission
ence soft fault.
F1 DECU N1A sensor soft Unable to restart the engine in  N/A Continue Mission
fault. Primary
F2 DECU N1B sensor hard/  With or without REV light N/A Abort Mission
soft fault. May be unable to start in
F3 DECU N1A sensor differ-  N/A N/A Abort Mission
ence soft fault.
F4 DECU fuel flow pot soft Without FADEC light N/A Continue Mission
fault. Unable to restart the engine in
Primary
FADEC light if engine is shut-
down
F4 DECU fuel flow pot hard With FADEC light N/A Abort Mission
fault. Unable to start in Primary
F5 DECU step count hard FADEC light N/A Abort Mission
fault. Unable to start in Primary
F6 DECU PLA pot soft fault. ~ REV light N/A Abort Mission
Unable to start in Primary and
Reversionary
F7 DECU HMA bleed valve FADEC light N/A Abort Mission
solenoid hard fault. Bleed band inop
F8 HMA PRI/REV solenoid FADEC light N/A Abort Mission
hard fault. Unable to start in Primary.
May not be able to start in Re-
versionary
F9 HMA Alternator soft fault.  N/A N/A Continue Mission
FA Start fuel solenoid/ignition May be unable to start in Pri-  Ensure that the Continue Mission
system soft fault. mary and Reversionary ignition lock
switch in in the
ON position
FB DECU Reversionary step  May be unable to start in Pri- ~ N/A Abort Mission
count soft fault. mary and Reversionary
FF N/A N/A Move PRI/REV Continue Mission
(on Pre-start switch to PRI. if 88
BIT check) Then cycle back-
up power
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Table 2-3-1. T55-GA-714A DECU BIT Fault Code List/Matrix (Continued)

DECU Fault
Code(s) Fault Operational Effect Pilot Action Mission Impact
FF DECU internal fault. N/A N/A Abort Mission
(all other
BIT checks)
Hex Display N/A N/A Move PRI/REV Continue Mission
Blank switch to PRI. if 88
(on Pre-start Then cycle back-
BIT check) up power.
Hex Display DECU internal fault. N/A N/A Abort Mission
Blank
(all other
BIT checks)

2-3-41. Engine Air Particle Separator (EAPS).

The engine air particle separating system (EAPS)system
protects the engine from harmful effects of dust and sand
erosion, snow and foreign objects and salt spray fouling
and corrosion. The system removes contamination from
the air and exhausts it overboard continuously using a
scavenge system. The EAPS assembly is mounted on
rails which enable it to be easily moved to permit engine
inspections. During flight, the assembly is locked in the
aft position against the engine inlet with two lock pins
installed through the rails at the forward mounting blocks
of the unit.

The basic axial flow of contaminated air entering the
vortex tube is forced into a spiral flow by the fixed blades
of the EAPS fan. The swirling motion causes the heavier
dirt particles to be separated from the air stream by virtue
of their inertia. The particulate is thrown outwards to the
periphery of the vortex tube by centrifugal force, concen-
trated into the scavenge air flow, and ducted away for
discharge. The bulk of the air flow, from which the particu-
late has been separated, passes axially down the center
for the outlet tube.

The EAPS control panel, located on the overhead panel,
provides control of the EAPS with a FAN ON/OFF switch
and DOORS CLOSE/OPEN switch for each engine. The
switches are marked for ENG 1 and ENG 2 and receive
their power from the No. 1 and No. 2 28-volt DC buses
through the NO 1 EAPS and NO 2 EAPS FAN CONT
circuit breakers. When the FAN switch is placed in the
ON position, the fan is operating and providing particu-
late separation to that engine. Power to operate the fans
is provided by the No. 1 and No. 2 115-volt AC buses
through the NO 1 EAPS and NO 2 EAPS FAN circuit
breakers on the respective PDP’s.

The EAPS has a high electrical power requirement. Be-
cause of this, both EAPS fans should not be turned on
simultaneously. Allow 10 - 15 seconds between the first
and second fan activation.
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2-3-42. EAPS Bypass Doors.

The EAPS is provided with a by-pass mechanism which
enables the engine to continue run in the event of a
blockage of the EAPS unit due to airborne debris block-
ing the separator. Two by-pass doors resembling curved
rectangular paneld(fig. 2-3-9) are mounted flush with the
outer surface of the EAPS and opened by electronic
actuators. The door mechanism includes two tubular
guide rods per door to achieve a smooth transitional
movement along with structural strength and stiffness.
When the EAPS ENG 1 or 2 DOORS switch is placed in
the OPEN position, the two bypass doors for that side are
activated, bypassing engine air around the separator
inlet. In snow and icing conditions the by-pass doors
must be keptin the closed position, otherwise ice may be
injected into the engine. Power to operate the by-pass
doors are supplied from No. 1 and No. 2 28-volt DC
buses through the EAPS 1 and EAPS 2 BYPASS
DOORS circuit breakers.

CAUTION

The by-pass door must be kept closed
during snow and icing conditions other-
wise ice may be injected into the engine
causing possible damage or failure.

CAUTION

With EAPS installed and the bypass pan-
els open FADEC primary channel may fail
when rearward airspeed exceeds 40 knots
airspeed or 40 knots tailwind. These con-
ditions should be avoided.

2-3-43. EAPS Control Boxes.

EAPS control boxed (fig. 2-3-10) are installed in the cabin
RH side at station 415 and LH side at station 390. Each
box contains press-to-test lights labeled EAPS NO. 1
BYPASS DOORS OPEN and EAPS NO. 2 BYPASS
DOORS OPEN. They illuminate when their respective



EAPS control switch located in the EAPS control panel
is in the OPEN position and the doors are fully open, and
will extinguish when the switch is in the CLOSE position
and the doors are fully closed.

2-3-44. Differential Pressure Switch.

Each separator is equipped with a differential pressure
switch to determine the air passages of the EAPS unitare
blocked. The switch senses the pressure difference be-
tween the inside and outside of the curved panels of the
EAPS unit. When a differential pressure is detected, the
EAPS 1 FAIL or EAPS 2 FAIL caution lights illuminated.

2-3-45. EAPS Switches.

There are four, 2 position toggle switches located on the
EAPS control panel situated on the overhead
switch panel.

a. The ENG 1 and ENG 2 FAN ON/OFF switches
operate the control circuit to provide AC power for the
EAPS fans. The switches receive power from the No. 1
and No. 2 28 volt DC buses through circuit breakers
marked EAPS 1 and EAPS 2 FAN CONT.
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b. The ENG 1 and ENG 2 DOORS CLOSE-OPEN
switch electrically positions the by-pass doors, open pr
closed. The switches receive power from the No. 1 and
No. 2 28-volt DC buses through circuit breakers marked
EAPS 1 and EAPS 2 BYPASS DOORS.

EAPS
ENG ! ENG 2
TEAN DooRs  FAN 00ORS

OFF

S © P Y g

oN OPEN ON OPEN

Figure 2-3-8. EAPS Control Panel
1. EAPS fan exhaust

2. EAPS rails and slides.
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Figure 2-3-9. EAPS 1 Shown With Bypass Doors Open
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EAPS BYPASS
DOORS OPEN
(PREBS-TO-TEST LIAHT)

Figure 2-3-10. EAPS Control Boxes
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SECTION IV. FUEL SYSTEM

2-4-1. Fuel Supply System.

The fuel supply system furnishes fuel to the two engines,
the heater, and the APU. Two separate systems, con-
nected by crossfeed and a pressure refueling lines are
installed. Provisions are available within the cargo
compartment for connecting Extended Range Fuel Sys-
tem (ERFS) and ERFS Il to the two fuel systems.

Each fuel system consists of three fuel tanks contained
in a pod on each side of the fuselage. The tanks are
identified as forward auxiliary, main, and aft auxiliary
tanks. During normal operation, with all boost pumps
operating, fuel is pumped from the auxiliary tanks into the
main tanks, then from the main tanks to the engine. A
simplified fuel flow diagram is engraved on the FUEL
CONTR Econtrol) panel on the overhead switch panel

When the fuel is consumed in an auxiliary tank, the fuel
pump is automatically shut off and a check valve closes
to prevent fuel from being pumped back into that tank.
Should a fuel pump fail in an auxiliary tank, the fuel in that
tank is not usable. However, should both boost pumps
fail in a main tank, fuel will be drawn from the main tank
as long as the helicopter is below 6,000 feet Pressure
Altitude (PA).

Fuel is delivered to the APU from the left main tank and
to the heater from the right main tank. Fuel system
switches and the auxiliary tank low pressure indicating
lights are on the FUEL CONTR panel, the fuel line pres-
sure caution capsules are on the master caution panel,
and the fuel flow meter is on the center instrument panel.
The single point pressure refueling panel and nozzle
adapter are on the right side above the forward landing
gear. Refer to Section XV for fuel tank capacities, fuel
grades, and fuel system servicing procedures.

2-4-2. Fuel Tanks.

The fuel tanks are crashworthy self-sealing tanks with
breakaway fittings. The main fuel lines are constructed
of self-sealing material. Penetration of the tank wall or a
fuel line by a projectile exposes the sealant to the fuel,
activates the sealant, and close the hole.

Breakaway self-sealing fittings are installed where the
main fuel lines connect to the fuel tank and adjacent
structure. Under high impact loads, the fittings shear or
break at predetermined locations, seal themselves, re-
tain the fuel, keeping fuel loss and post-crash fire hazard
to a minimum. Electrical cables having lanyard-release
type connectors are installed where the cables attach to
adjacent structure. The connectors automatically re-
lease if the fuel tank breaks away from the pod.

Each main tank contains two fuel boost pumps, three fuel
guantity probes, a jet pump for evacuating the pressure
refueling system, a dual pressure refueling shutoff valve,
a dual fuel level control valve, and a gravity filler port.
Each auxiliary tank contains a fuel pump with automatic
shutoff feature, a quantity probe, a dual pressure refuel-
ing shutoff valve, and a fuel level control valve.
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Figure 2-4-1. Fuel Control Panel

A rollover vent system is installed in each tank. This
system prevents fuel spillage from the vents should the
helicopter roll over following a crash landing. The vent
system within the tanks have a condensate drain at the
aft end, however, aircraft maneuvering should never
force fuel into the vents. Sump drains are also installed
on the bottom forward end of each tank.

2-4-3. Controls and Indicators.

The fuel controls are the FUEL PUMP switches, XFEED
fuel valve switch, the engine fuel valve, and the manual
defueling valve. Indicators include the crossfeed fuel and
engine fuel valve warning lights, the FUEL QUANTITY
indicator and caution capsules, FUEL flow indicator, AUX
PRESS indicating lights, and FUEL PRESS caution cap-
sules. Refer t¢ para. 2-4-10 for a description of the pres-
sure refueling system controls and indicators.

2-4-4. FUEL CONTR Panel.

The FUEL CONTR panel [(fig. 2-4-T) consists of eight
two-position fuel boost pump switches, two PRESS-TO-
TEST AUX PRESS indicating lights, a two-position
XFEED switch, and a two-position REFUEL STA switch.

a. FUEL PUMP Switches. Each switch controls a
single-speed electrically driven fuel boost pump. La-
beled next to each switch is the name of the pump which
it operates. Each switch has an ON and OFF position.
When one of these switches is at ON, power from the No.
1 or No. 2 DC bus closes the respective pump relay
connecting power from the No. 1 or No. 2 AC bus to

2-4-1



TM 1-1520-240-10

energize the pump. When switch is at OFF, the relay
circuits open and power from the No. 1 and No. 2 AC bus
is de-energized thus shutting off the pump. Power is
supplied for these relay circuits by the No. 1 and No. 2 DC
bus through the LH and RH FUEL PUMP CONT - AUX
AFT, MAIN AFT, MAIN FWD, and AUX FWD circuit
breakers on the No. 1 and No. 2 PDP. Power is supplied
to the pumps circuits by the No. 1 and No. 2 AC bus
through the LH and RH FUEL PUMPS - MAIN FWD,
MAIN AFT, AUX FWD, and AUX AFT circuit breakers on
the No. 1 and No. 2 PDP.

b. AUX PRESS Indicating Lights. Each light is
electrically connected to the forward and aft auxiliary
tank pressure switches. When this indicating light illumi-
nates, it indicates that the fuel pressure in either the
forward or aft auxiliary fuel line is below 10 + 1 psi. The
auxiliary tank fuel boost pump switches must be at ON to
provide electrical power to the indicating light. The light
intensity can be adjusted by turning the light housing.
Power is supplied to operate the indicating light by the
No. 1and No. 2 DC bus through the LH or RH Fuel PUMP
CONT AUX FWD & AUX AFT circuit breakers on the No.
1 and No. 2 PDP.

c. XFEED Switch. The switch electrically operates
two fuel valves in the crossfeed line. The switch has an
OPEN and CLOSE position. When the switch is at
OPEN, power from the No. 1 DC bus opens the fuel
valves through the XFEED CONT circuit breaker on the
No. 1 PDP. When the switch is at CLOSE, electrical pow-
er closes the valves.

2-4-5. Fuel Valves.
There are two engine and two crossfeed fuel valves.

a. Engine Fuel Valves. One engine fuel valve [(fig.]
[2-4-2) is in the fuel supply line to each engine. The valve
is electrically operated by the FIRE PULL handles and
manually by a lever on the valve. They are located at sta.
498 and labeled FUEL VALVE # 1 ENGINE and FUEL
VALVE # 2 ENGINE.

b. Crossfeed Fuel Valves. The crossfeed fuel
valves connects the No. 1 and No. 2 engine fuel lines.
When the valve is opened, both engine fuel feed lines are
interconnected and fuel can be supplied from both fuel
tanks to feed either engine or from either tank to feed
both engines. Fuel cannot be transferred between tanks.
The valves are electrically operated by the XFEED
switch on the FUEL CONTR panel or manually by a lever
on the valve. They are labeled FUEL VALVE CROSS-
FEED and located at station 504.

c. FUEL VALVE WARNING LIGHT. There are two
PRESS-TO-TEST FUEL VALVE WARNING LIGHT next
to each FUEL VALVE CROSS FEED
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Figure 2-4-2. Engine Fuel Valves, Sta. 498

and two PRESS-0TO-TEST FUEL VALVE WARNING
LIGHT next to FUEL VALVE # 1 ENGINE and # 2 EN-
GINE [fig.2-4-3). They indicate the operating condition
of the individual valve and associated circuitry. Power is
supplied to operate the crossfeed FUEL VALVE WARN-
ING LIGHT by the No. 1 DC bus through the XFEED
CONT circuit breaker on the No. 1 PDP. Power is sup-
plied to operate the engine FUEL VALVE WARNING
LIGHT by the DC essential bus through the ENGINE NO.
1and NO. 2 FUEL SHUT-OFF circuit breakers on the No.
1 and No. 2 PDP.

The following description on when the light will illuminate
is for the XFEED switch. The same result applies to the
engine fuel valves with the FIRE PULL handles.

(1) Eachtime the XFEED switch is moved from
CLOSE to OPEN or OPEN to CLOSE. After this opera-
tion, the light should extinguish, indicating the crossfeed
valve is synchronized with the switch position.

(2) Whenashortcircuit occurs, causing a signal
to be applied opposite to the valve position. However, the
valve will remain at the position last selected by XFEED
switch.

(3) When the crossfeed valve protection relay
fails. The crossfeed valve will remain at the last selected
position and the valve can be operated electrically or
manually, as required.



2-4-6. Manual Defueling Valve.

A manual defueling valve is in the aft cargo compartment
nextto FUEL VALVE # 2 ENGINE. The valve should only
be used by maintenance personnel to defuel the helicop-
ter or adjust fuel load.

2-4-7. Fuel Quantity Indicator and Selector.

An indicator calibrated to measure fuel quantity in
pounds and seven position selector switch (fig. 2-4-4)) is
on the center instrument panel. Power is supplied to the
indicator through the FUEL QUANTITY selector switch
by the No. 1 AC bus through the FUEL QTY circuit break-
er on the No. 1 PDP.

a. FUEL QUANTITY Indicator. The indicator pro-
vides two types of display. One display is in the digital
form and the other is a pointer. The digital readout contin-
uously indicates the total amount of fuel remaining in all
the fuel tanks. The pointer remains hidden until one of the
tank positions on the FUEL QUANTITY selector switch
is selected. Then, the pointer will indicate fuel remaining
in that tank. The fuel quantity indicator is electrically con-
nected to 10 capacitance-type measuring units in the
tanks.

b. Fuel Quantity Selector Switch. The fuel quantity
selector switch has seven positions labeled TOTAL, L
(left) and R (right) FWD, MAIN, and AFT. Selecting any
position other than TOTAL causes the indicator pointer
to display the fuel remaining in that tank. The digital read-
out is not affected during individual tank readings.

2-4-8. Fuel System Cautions.

Four caution capsules are dedicated to the fuel system.

a. L and R FUEL LOW. Two fuel quantity caution
capsules, one for each main tank, are on the master

FUEL VALVE
CROSS FEED
WARNING
LIGHT

21598

Figure 2-4-3. Fuel Valve Warning Light, Sta. 500
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14613

Figure 2-4-4. Fuel Quantity Indicator and Selector
Switch

caution panel (fig. 2-1415) of the center instrument con-
sole. Each light is electrically connected to a thermistor
sSensor on a measuring unit in the respective main tank.
These lights are labeled L FUEL LOW an R FUEL LOW.
When the is 20 percent of fuel remaining in the main tank,
the caution capsule for that main tank illuminates (20
percent of fuel is equal to 320 to 420 pounds.) Power for
these capsules is supplied by the DC essential bus
through the LIGHTING CAUTION PNL circuit breaker on
the No. 1 PDP.

b. L and R FUEL PRESS. Two caution capsules
labeled L FUEL PRESS and R FUEL PRESS ar on the
master caution panel. Each caution capsule is electrical-
ly connected to a fuel pressure switch between the main
tank and the engine fuel valves. When one of these cap-
sules illuminates, it indicates that fuel pressure in the
respective fuel line is below 10 = 1 psi. Fuel pressure is
measured after the fuel boost pumps and not at the en-
gine driven pump. When fuel pressure caution illumi-
nants, it does not represent a possible engine flameout,
unless flight is being conducted above 6,000 feet PA.
Power for these capsules is supplied by the DC essential
bus through the LIGHTING CAUTION PNL circuit break-
eron No. 1 PDP.

2-4-9. FUEL Flow Indicators.

A dual fuel-flow indicator (fig. 2-4-5), on the center instru-
ment panel, indicates fuel flow to each engine in pounds
per hours. The indicator dial is graduated from 0 to 3,000
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pounds per hour in 100 pound increments. The signal to
drive the indicator is derived from a fuel

FUEL
/,/ X 100 \

23320

Figure 2-4-5. Fuel Flow Indicator.

flow transmitter in the fuel line of each engine at the quick
disconnect shelf. Power to operate the No. 1 indicator is
from the No. 1 AC bus through the ENGINE NO. 1 FUEL
FLOW circuit breaker on the No. 1 DP. Power to operate
the No. 2 indicator is from the No. 2 AC bus through
ENGINE NO. 2 FUEL FLOW circuit breaker on the No.
2 PDP.

2-4-10. Pressure Refueling System.

The pressure refueling system permits rapid refueling of
all fuel tanks simultaneously or selective refueling of any
tank or combination of tanks. Maximum fueling rate is
300 gallons per minute at 55 psi. The system control
panel and refueling nozzle receptacle are on the right
side of the helicopter above the forward right landing
gear [(fig. 2-4-6}.

In addition to the control panel and refueling receptacle,
the system consists of dual fuel level control valve, a dual
fuel shutoff valve in each tank, a jet pump in each main
tank, and pressure refueling manifold.

a. Dual Fuel Level Control Valves and Dual Fuel
Shutoff Valves. The dual fuel level control valves control
the operation of the fuel fuel shutoff valves. When fuel in
atank rises to the full level during pressure refueling, the
floats in the control valve close and apply a signal to the
shutoff valve, closing it. the floats can also be closed
electrically to stop fuel flow into a tank at some intermedi-
ate level. The floats are controlled by the FUEL CELL
SHUTOFF VALVE TEST switches on the refueling con-
trol panel.

b. Jet Pumps. The jet pump installed in each main
tank evacuates the refueling manifold and discharges
the displaced fuel into the main tank. The jet pump is
activated when the forward boost pump in each main
rank is first turned ON following pressure refueling.
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c. Pressure Refueling Manifold. The pressure re-
fueling manifold connects to all tanks to the pressure
refueling receptacle. It does not include projectile resist-
ant features because the fuel is evacuated before flight
by the jet pumps.

Electrical power is applied to the system only when the
REFUEL STA switch on the cockpit FUEL CONTR panel
is placed to ON. Power to operate the pressure refueling
system is supplied by the DC switched battery bus
through the REFUEL circuit breaker on the No. 1 PDP.

2-4-11. Controls and Indicators.

Except for the REFUEL STA switch on the cockpit FUEL
CONTR panel, all pressure refueling system controls
and indicators are on the pressure refueling station panel
(fig. 2-4-6).

2-4-12. PWR Control Switch.

The PWR (power) control switch is labeled ON and OFF.
When placed to ON, electrical power is applied to the
pressure refueling system and to the refueling station
quantity indicator provided the REFUEL STA switch on
the cockpit FUEL CONTR panel is at ON. Also, the PWR
ON light will illuminate, the fuel quantity indicator will
register the quantity of fuel in the tanks, and the REFUEL
VALVE POSN lights will illuminate momentarily. When
placed to OFF, electrical power is removed.

2-4-13. REFUEL STA Switch.

The REFUEL STA switch is on the cockpit FUEL CONTR
panel (fig. 2-4-T) when placed to ON, applies electrical
power from the DC switched battery bus to the PWR ON
switch on the refueling station panel. Setting the switch
to OFF after pressure refueling, closes the refuel valves
and discontinues electrical power to the refueling panel.
When pressure refueling, be sure the switch is at ON at
all times. If the switch is at OFF, the aft auxiliary tanks will
not fill, the remaining four tanks will fill to maximum, the
refuel station quantity indicator is inoperative, and there
is no precheck capability.

2-4-14. Fuel
Switch.

The pressure refueling station fuel quantity indicator and
selector switch are identical to those in the
cockpit. The indicator at the refueling station indicates
fuel quantity only when the REFUEL STA switch on the
cockpit FUEL CONTR pane[(fig. 2-4-1) is at ON and the
PWR switch on the refueling station panel[(fig. 2-4-6) is
at PWR ON. Electrical power to drive the indicator is AC
from a solid-state inverter in the cabin at sta 220. The
inverter, in turn, is powered by the DC switched battery
bus through the FUEL REFUEL circuit breaker onthe No.
1 PDP.

2-4-15. FUEL CELL
Switches.

Seven three-position FUEL CELL SHUTOFF VALVE
TEST switches are on the refueling control panel (fig.

Quantity Indicator and Selector

SHUTOFF VALVE TEST



2-4-6). The switches are used to test the automatic shut-
off features in each tank and to stop refueling when the
desired fuel level is attained in each or all tanks. Six of the
seven switched are connected to fuel level control valves
in a specific tank. The seventh switch, labeled ALL TEST,
is electrically connected to the fuel level control valves in
all six tanks. Setting any of the six switches to PRI OFF
or SEC OFF raises the corresponding primary or secon-
dary float in the fuel level control valve. This action simu-
lates a high fuel level and causes the fuel shutoff valve
in that tank to close. Setting the ALL TEST switch to PRI
OFF or SEC OFF raises the corresponding float in all six
tanks and shuts off the fuel flow into all tanks simulta-
neously.

2-4-16. REFUEL VALVE POSN Indicating Lights.

The two amber PRESS-TO-TEST REFUEL VALVE
POSN (position) lights[(fig. 2-4-6) indicates the status of
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the two refueling valves in the pressure refueling system.
The valves are normally closed and prevent fuel feed-
back into the aft auxiliary tanks when the aft tank pumps
are operating. While pressure refueling the valves are
opened and allow fuel flow from the refueling system into
the aft tank.

The valves are controlled by the refueling station PWR
ON switch. When the switch is ON, the valves are
opened and the indicating lights will iluminate momen-
tarily indicating valve transition from close to open. Con-
versely, when the switch is OFF, the valves are closed
and the indicating lights will illuminate momentarily indi-
cating valve transition from open to close. A continuously
illuminated light, with the switch at OFF, indicates the
associated valve is opened and the fuel in the tank will
not be available.

2-4-5
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Figure 2-4-6. Pressure Refueling Station
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SECTION V. FLIGHT CONTROLS

2-5-1. Flight Control System.

The helicopter is controlled by changing the pitch of the
blades either collectively or cyclically. Pitch changes are
made by the pilot's movement of the flight control which
include a THRUST CONT (control) lever, a cyclic control
stick, and directional pedals. The pilot’s controls are in-
terconnected with the copilot’s controls.

Flight control movements are transmitted through a sys-
tem of bellcranks, push-pull tubes, and actuators to a
mixing unit just aft of the cockpit, next to the forward
transmission. The control movements are mixed to give
the correct lateral cyclic and collective pitch motions to
the rotors through dual hydraulic actuators. These dual
boost actuators are under each swashplate. Each set of
dual boost actuators is normally powered by both flight
control hydraulic systems.

The helicopter is vertically controlled with the THRUST
CONT lever through application of equal pitch to all bla-
des. Directional control is obtained with the directional

THRUST CONTROL LEVER
(ON HELICOPTER WITH
712 ENGINE

pedals by imputting equal but opposite lateral cyclic pitch
to the blades. Lateral control is obtained by application
of equal lateral cyclic pitch to the blades with the cyclic
control stick. The helicopter is controlled longitudinally
with the cyclic stick through application of differential
collective pitch.

In addition, the helicopter has an advanced flight control
system (AFCS). AFCS provides the following features:

a. Rate damping in all axes and sideslip stability.
b. Pitch and roll attitude hold and heading hold.
c. Airspeed hold.

d. Improved control response in pitch, roll, and

e. Barometric and radar altitude hold.
f.  Automatic coupled turns.

g. Longitudinal cyclic trim scheduling.

THRUST CONTROL LEVER
(ON HELICOPTER WITH
714A ENGINE

Figure 2-5-1. Thrust Control Lever

2-5-1
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2-5-2. THRUST CONT Lever.

Either THRUST CONT lever [l (fig. 2-5-1) or
[fig-2-5-T) is used to apply equal pitch simultaneously to
both rotors, thus controlling ascent and descent of the
helicopter. Raising the THRUST CONT lever increases
pitch. Lowering the THRUST CONT lever decreases
pitch.

An integrated lower control actuator (ILCA) is installed
between the THRUST CONT lever and the mixing unit.
This actuator assists the pilot in moving the THRUST
CONT Lever. A cockpit control driver actuator (CCDA) is
also installed in the thrust control system. This actuator
responds to signals from the AFCS and increases or
decreases collective pitch on the blades to maintain a
constant altitude. In addition, a balance spring is installed
that counteracts the downward imbalance of the
THRUST CONT level.

NOTE

If the THRUST CONT lever CCDA fails, the
THRUST CONT lever will slip when force be-
tween 7 and 23 pounds is applied.

A BRAKE TRIGGER switch under each THRUST CONT
grip controls the magnetic brake of the CCDA in the flight
control closet. Pressing the switch applies electrical pow-
er to release the magnetic brake in the THRUST CONT
lever CCDA. The THRUST CONT lever can then be free-
ly moved.

When barometric or radar altitude hold has been se-
lected, pressing the trigger will disengage altitude hold.
When the switch is released, power is applied through
the simplex clutch to the THRUST CONT lever CCDA
and the AFCS will hold the altitude. Power is supplied to
operate the THRUST CONT lever magnetic brake from
DC essential bus through the THRUST BRAKE circuit
breaker on the No. 1 PDP.

The THRUST CONT leveris also electrically linked
to the power turbine actuator through the droop elimina-
tor system. An upward movement of the THRUST CONT
lever electrically increases the power turbine governor
speed setting to compensate for inherent engine droop
and maintain engine speed as rotor loads are increased.
A downward movement of the THRUST CONT lever
electrically decreases the power turbine governor speed
setting.

The EZINM system includes both thrust lever position
compensation and thrust lever rate compensation.
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A detent capsule establishes a ground operation detent
to reduce droop stop pounding. A viscous damper in the
thrust control system improves control feel. Mounted on
each THRUST CONT lever is an auxiliary switch bracket
containing a SEARCH LIGHT control switch, a SLT-FIL
(search light filament) switch, two ENGINE BEEP TRIM
switches, and a HUD control switch.

2-5-3. CYCLIC stick.

Eachcyclic stic@) is used for lateral and longitu-
dinal control of the helicopter. Moving the cyclic stick to
the right tilts both rotors disks equally to the right and
causes the helicopter to roll to the right in flight. Moving
the cyclic stick to the left causes the opposite movement.
When moving the cyclic stick forward, the pitch of the fwd
rotor blades is decreased collectively, while the pitch of
the aft rotor blades is increased collectively, thus causing
a nose-down helicopter attitude in flight. Moving the cy-
clic stick aft causes the opposite movement resulting in
a nose-up attitude.

Two ILCA's, one for lateral control and one for longitudi-
nal control, are installed to assist the pilot in moving the
cyclic stick. In addition to these actuators, viscous damp-
ers are installed. One damper is for longitudinal control
and one for lateral control to improve control feel.

Located on the pilot and copilot cyclic stick grips are a
CENTERING DEVICE RELEASE switch, an AFCS
TRIM switch, a CARGO HOOK RELEASE switch, inter-
phonetransmitter TRIGGER switch, and a FLARE DISP
(dispenser) control switch.

2-5-4. CENTERING DEVICE RELEASE Switch.

The CENTERING DEVICE RELEASE switch[{fig. 2-5-2)
is used to simultaneously release the force feel trim mag-
netic brakes for the lateral, longitudinal, and directional
flight controls. In addition, it disengages bank angle hold,
heading hold, and heading select functions when AFCS
is operating. Power is supplied to operate the magnetic
brakes from the DC switched battery bus through the
CONT CENTER circuit breaker on the No. 1 PDP.

A centering spring and magnetic brake for each control
provide a sense of force feel to hold the control in a trim
position. However, the pilot can override the force manu-
ally while maneuvering the helicopter. When the switch
is pressed, electrical power is applied to release the mag-
netic brakes. Each centering spring assumes a new trim
position where the control forces are nulled. Releasing
the switch removes electrical power and applies the
magnetic brakes. The centering springs are retained in
their new positions.



AFCS TRIM SWITCH

Figure 2-5-2. Cyclic Stick Grip

2-5-5. AFCS Trim Switch.

NOTE

If the longitudinal CCDA fails, it can be recog-
nized by loss of pitch trim or failure of the
centering devise to release. A centering
spring in the pitch axis allows these forces to
be over-come.

The AFCS trim switch is used to make small
changes in the pitch (airspeed) and roll attitude while the
AFCS is operating. The switch is spring-loaded to center
off position. Moving the switch forward or aft from center
off position commands an increase (forward) or de-
crease (aft) in airspeed by driving a trim motor in the
longitudinal CCDA.

Moving the switch left or right commands the roll ILCA to
bank the helicopter in the selected direction without mov-
ing the stick. Power is supplied to drive the pitch trim
motor from No. 1 AC bus through CLTV DRIVER ACTR
circuit breaker on the No. 1 PDP.
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2-5-6. Directional Pedals.

The directional pedals (7 and 24 [fig. 2-1-3) are used for
directional control of the helicopter during flight and while
taxiing with the forward gear off the ground.

When the right pedal is displaced forward, the forward
rotor disk tilts to the right and the aft rotor disk tilts to the
left. The opposite action occurs when the left pedal is
displaced forward. An ILCA is installed to assist the pilot
in moving the pedals.

The pedals are adjusted individually fore and aft by
pressing a lever mounted on the pedal support and mov-
ing the pedal to a new position before repositioning the
lever. Insure that both pedals are adjusted equally (left
and right pedals in same respective hole position) and
pedal adjustment lockpins are engaged. A balance
spring is installed to reduce control sensitivity.

2-5-7. Advanced Flight Control System. (AFCS)

a. The Advanced Flight Control System (AFCS) sta-
bilizes the helicopter about all axes and enhances control
response. It automatically maintains desired airspeed,
altitude, bank angle, and heading. An automatic turn fea-
ture, coupled to the pilot or copilot HSI (horizontal situa-
tion indicator) is also included in the AFCS.

b. BuiltIn Test Equipment (BITE) is installed in each
AFCS computer. This equipment is intended for ground
troubleshooting purposes only. An interlock circuit
through the engine condition control box prevents BITE
use anytime either ECL is out of STOP.

c. Powerissuppliedtothe HDG ENGAGED, BARO
ALT and RAD ALT ENGAGED lights from the DC essen-
tial bus through the CAUTION PNL circuit breaker on the
No. 1 PDP. The No. 1 AFCS receives AC and DC buses
respectively through the AFCS NO. 1 circuit breakers on
the No. 1 PDP. The No. 2 AFCS receives AC and DC
power from the No. 2 AC and DC buses respectively
through the AFCS NO. 2 circuit breakers on the No. 2
PDP.

d. The AFCS consists of the following compo-
nents:

(1) A cockpit control panel.

(2) Two AFCS computers in the avionics
compartment.

(3) Three ILCA's in the flight control closet.

(4) Adifferential airspeed hold (DASH) actuator
in the flight control closet.

(5) Two longitudinal cyclic trim (LCT) actuators
are installed, one in the forward upper controls, the other
in the aft upper controls.

(6) Roll and yaw magnetic brakes, a longitudi-
nal CCDA, and a thrust CCDA are all located in the flight
controls closet.

2-5-3
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(7) Three control position transducers.

e. Attitude changes sensed by the attitude gyros, a
yaw rate gyro in each AFCS computer, and the direction-
al gyro are processed by the AFCS computers and ap-
plied to the ILCA’'s. The ILCA's extend or retract and
move the upper flight controls. This control input is not
apparent to the pilot because AFCS control inputs do not
move the cockpit controls. The pitch, roll, and yaw axis
all operate in fundamentally the same manner. Should a
hardover occur, the pilot can easily override AFCS.

f.  Pitch attitude stability, airspeed hold, and a posi-
tive stick gradient from hover to Vmax are provided
through the DASH actuator. The DASH actuator extends
or retracts to maintain airspeed for a given stick posi-
tion.

2-5-8. Bank Angle Hold.

Bank angle trim without cyclic stick movement is pro-
vided through left or right position of the cyclic stick AFCS
trim switch. Bank angle hold is disengaged anytime a
CENTERING DEVICE RELEASE switch is pressed, a
cyclic stick is moved laterally, or the HDG switch is EN-
GAGED. Bank angle hold cannot be reengaged until the
roll is less than 1.5° per second.

2-5-9. Heading Hold.

The directional gyro provides an input to each AFCS
which signals the yaw ILCA to maintained heading within
5 degrees. Heading hold is disengaged if the swivel
switch is set to STEER or UNLOCK, a CENTERING DE-
VICE RELEASE switch s pressed, or the directional ped-
als are moved. Also, heading hold will be disengaged at
airspeed above 40 knots anytime lateral trim is used, the
stick is moved laterally, or HDG switch is ENGAGED.
Heading hold will not resume until yaw rate is less than
1.5° per second at an airspeed above 40 knots with a
bank angle of less than 1.5°.

2-5-10. Airspeed Hold.

The airspeed hold feature provides a constant airspeed
and pitch attitude relative to cyclic stick position at air-
speeds above 40 knots. Airspeed and pitch can be set
with the AFCS trim switch on the cyclic stick or by displac-
ing the cyclic stick until the desired airspeed is achieved
then pressing the CENTERING DEVICE RELEASE
switch. Refer to Chapter 8 AFCS Off Flight Characteris-
tics.

2-5-11. Altitude Hold.

Two methods of altitude hold can be selected. They are
radar altitude hold or barometric altitude hold.

a. Radar Altitude Hold. Radar altitude hold will
maintain a more precise altitude in hover or over water
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flight than barometric altitude hold. Maximum altitude for
the use of radar altitude hold is 1,500 feet AGL.

An error signal, caused by radar altitude deviations, is de-
rived from the pilot radar altimeter receiver-transmitter and
is processed by the No. 1 AFCS computer. The processed
error signal is applied to the THRUST CONT LEVER CCDA
which drives the THRUST CONT levers in the direction
necessary to null the error signal.

b. Barometric Altitude Hold. Barometric altitude
hold is used in forward flight over terrain. It uses error
signals produced within the No. 1 AFCS computer.

These error signals are in response to static pressure
changes and are proportional to altitude changes. The sig-
nal is processed by the AFCS computer and applied to the
THRUST CONT LEVER CCDA which drives the THRUST
CONT levers in the direction necessary to null the error
signal.

2-5-12. Heading Select.

Heading select is engaged when the HDG switch on the
AFCS panel is pressed and the ENGAGED
light illuminates. The heading bug on the selected HSI is
the referenced heading. Rotating the HDG knob of the
HSI to set the bug at a new referenced heading produces
an error signal which is processed by the AFCS comput-
ers and applied tothe roll ILCA. The roll ILCA than moves
to produce a standard rate turn up to a maximum bank
angle of 20° until the selected heading is captured.
Heading select can only be selected at airspeed above
40 knots. Heading select is disengaged anytime a CEN-
TERING DEVICE RELEASE switch is pressed, the HDG
switch on the AFCS panel is disengaged, or when the
opposite CMD SEL switch on the HSI MODE SELECT
panel is pressed.

2-5-13. Longitudinal Cyclic Trim System.

Longitudinal cyclic trim (LCT) control is part of AFCS.
LCT reduces fuselage nose down attitude as forward
airspeed is increased, thus reducing fuselage drag. The
system also reduces rotor blade flapping which results in
lower stresses on the rotor shafts. The LCT actuators are
installed under the swashplates. Signals are transmitted
to these actuators either automatically by AFCS or
manually by CYCLIC TRIM switches drive the actuators
to GND (ground) operating position on ground contact.

2-5-14. Controls and Indicators.

2-5-15. AFCS CONTROL Panel.

The AFCS control panel [(fig. 2-5-3) is on the canted
console. It consists of the heading and altitude select,
SYSTEM SEL (select), and CYCLIC TRIM sections.

a. Heading and Altitude Select Switches. The leg-
end on these switches will dim when the PLT INST rotary
control switch is placed out of the OFF detent.



(1) HDG Switch. The HDG (heading) switch is
used in conjunction with the CMD SEL switch either HSI
MODE SELECT panel and the heading bug on either HSI
to select coupled turns. The switch can be used only
when airspeed is above 40 knots. When the switch is
pressed and either CMD SEL switch is pressed, the heli-
copter will automatically turn to and capture the heading
bug on the selected HSI. In addition, the ENGAGED
legend willilluminate. The switch is disengaged by press-
ing it again.

Heading intercept will be at standard rate of 3° per sec-
ond up to a bank angle limit of 20° at 133 knots. The
helicopter must be trimmed before engaging the mode
and cyclic stick control inputs should be avoided except
for longitudinal AFCS trim inputs to adjust airspeed.

BARO. RAD
HDG ALT ALT
ENGAGED lzumso ENGAGED
A
CYCLIC TRIM SYSTEM SEL
r @ & @
C FWD@ AUTO ; BOTH
RET
S
EXT OFF OFF
AFT@ MANUAL
Q) =

D145-97-10

Figure 2-5-3. Advanced Flight Control System
Panel

Heading select is disengaged if either CENTERING DE-
VICE RELEASE switch is pressed.

(2) BARO ALT and RAD ALT Switches. The
BARO ALT and RAD ALT are used to select altitude hold
mode. An interlock prevents both switches from being
engaged at the same time. When pressed, the EN-
GAGED legend will illuminate. RAD ALT hold is used
below 1,500 feet AGL. BARO ALT hold is used in forward
flight to maintain a constant cruise altitude or may be
used in HOGE.

b. SYSTEM SEL Switch. The SYSTEM SEL switch
is a five position rotary switch labeled OFF, 1 BOTH, 2
OFF. Normally, the switch is at BOTH. In this position,
both AFCS are operating at one-half gain. If one system
should fail, the good system is selected and that system
operates at 3/4 gain. At OFF, both systems are inopera-
tive except for CYCLIC TRIM.

c. CYCLICTRIM Switches. The AUTO and MANU-
AL switch selects the mode of cyclic trim operation. The
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FWD and AFT switches are used to extend or retract the
appropriate cyclic trim actuator.

(1) AUTO and MANUAL switch. A two-position
switch which is normally placed in AUTO.

(@) AUTO Mode. Inthis mode, No. 1 AFCS
controls the forward actuator and the No. 2 AFCS con-
trols the aft actuator.

(b) MANUAL Mode. In this mode, the ac-
tuator can be controlled with separate FWD and AFT
actuator control switches, using the airspeed indicator
and CYCLIC TRIM indicators.

(2) FWD and AFT switched. Three- position
switched that can be placed in the EXT (extend) or RET
(retract) position. These switches are spring-loaded to
the center off position. If the cyclic trim actuators fail to

extend or retract as indicated on the CYCLIC TRIM indi-
cators, MANUAL mode can be selected.

2-5-16. Cyclic Trim Indicators.

WARNINGI

If the longitudinal cyclic trim actuators fail
at the full retract position or are manually
selected to the full retract position, do not
exceed the airspeed limitations shown in
[fig. 5-7-1]

The FWD and AFT CYC (cyclic) TRIM indicators

are on the center instrument panel. The indicators
are labeled 60 RET, GND, 150 EXT. The indicators dis-
play position of the forward and aft LCT actuators relative
to airspeed. During ground operations, the pointer will be
at GND to indicate activation of the landing gear proximi-
ty switches.

2-5-17. AFCS OFF Caution.

Two AFCS OFF caution capsules are on the master cau-
tion/advisory panel (¥ [714A MIKGH,
[2-14-6). They are labeled E#NO. 1 AFCS OFF and
NO. 2 AFCS OFF I#FZIN AFCS 1 and AFCS 2. These
cautions will illuminate when the associated AFCS is
manually shutoff or has failed or the associated DASH is
in alow rate condition. Refer to Chapter 8 AFCS Off Flight
Characteristics.
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2-5-18. Command Select Switch.

The CMD SEL switch is on the pilot and copilot HSI
MODE SELECT panel (Chapter 3). The switches are
used to select the HSI which will provide the refenced
heading when the HDG switch is engaged. Only one
CMD SEL switch may be selected at a time. If the other
CMD SEL switch is selected during heading select op-
erations, the HDG switch on the AFCS panel will disen-
gage and heading select will be disabled until the HDG
switch is again pressed. When selected, the SEL legend
on the switch illuminates.

2-5-6
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Figure 2-5-4. Forward and Aft Cyclic Trim
Indicators
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SECTION VI. HYDRAULIC SYSTEMS

2-6-1. Hydraulic Power Supply System.

The hydraulic power supply system consists of three
separate systems. They are the No. 1 flight control sy-
stem, No. 2 flight control system, and a utility system.
Each system includes a variable delivery pump and res-
ervoir cooler. In addition, each flight control system has
a power control module, and the utility system has a
pressure control module. Each flight control system is
connected to the utility system by a Power Transfer Unit
(PTU). All systems are serviced by a common fill module
and are pressurized to prevent pump cavitation.

2-6-2. Flight Control Systems.

The No. 1 and No. 2 flight control systems are identical.
they ar parallel in operation, hydraulically separated, and
electrically integrated. The flight control system operate
at approximately 3,000 psi, which is reduced to 1,500 psi
for ILCA operation. They power four upper dual boost
actuators (3,000 psi) and four ILCAs (1,500 psi). Each
flight control system powers one piston of each actuator.

No. 1 flight control system is pressurized by a pump on
the forward transmission. No. 2 system is pressurized by
a pump on the aft transmission. The power control mod-
ules consist of pressure-line and return-line filters. No.1
system power control module is in the forward pylon. No.
2 system power control module is in the aft pylon. The
accumulators dampen low frequency pressure surges
and provide stored hydraulic power for peak loads.

The PTU in each system allows ground checkout of the
flight control systems with the rotors stopped. Each PTU
consists of a pump driven by a hydraulic motor which is
pressurized by the utility hydraulic system. The PTU’s
are controlled by the PWR XFER 1 and 2 switches on the
HYD panel in the overhead switch panel.

2-6-3. FLT CONTR Switch.

The FLT CONTR (flight control) switch is located on the
HYD panel in the overhead switch panel{fig. 2-6-1). It is
a three-position center locked switch labeled 2 ON,
BOTH, and 1 ON. this switch can be used to turn off one
of the flight control systems, provided the other one is
operating. Turning off one of the flight control hydraulic
systems disables the corresponding AFCS and causes
the remaining AFCS to make full corrections. In addition,
the respective AFCS OFF and HYD FLT CONTR caution
capsules will illuminate. The FLT CONTR switch shall be
set to BOTH during all flight conditions.

At BOTH , both solenoid valves are deenergized open
and both flight control systems are pressurized. When
the FLT CONTR switch is set to 1 ON, the two-way sole-
noid valve on No. 2 power control module is energized
closed. This causes No. 2 pressure-operated valve to
close, depressurizing No. 2 system. When the FLT
CONTR switch is moved to 2 ON, the two-way solenoid
valve on No. 2 power control module is deenergized

open, and No. 2 system is pressurized. Simultaneously,
No. 1 solenoid valve closes and No. 1 system is turned
off.

2-6-4. Utility Hydraulic System.

The utility hydraulic system supplies hydraulic power to
the wheel brakes, power steering actuator, swivel locks,
centering cams, ramp actuating cylinders, hydraulic car-
go door motor, actuator for the center cargo hook, cargo/
rescue winch control valve, two engine starters. PTU;s
and APU start circuit. When the APU is running, the utility
hydraulic system is pressurized by an APU driven pump.
When the APU is not running and the rotors are turning,
the utility hydraulic system is pressurized by an aft trans-
mission driven pump.

The utility hydraulic system incorporates a pressure con-
trol module which isolates utility subsystems from each
other. When a failure occurs in one utility hydraulic sub-
system, the remaining subsystems continue to operate
normally if the BRK STEER and RAMP PWR switches in
the cockpit are set to OFF.

The APU starting subsystem of the utility hydraulic sys-
tem includes three accumulators which accelerate the
APU to start, maintain reservoir pressure throughout the
startcycle, and control operation of the APU motor pump.
The APU starting subsystem also includes a two-stage
hand pump for charging the APU startaccumulators. The
APU is normally recharged by the APU motor-pump after
the APU is started. An additional accumulator in the
brake system provides for limited brake operation in the
event of utility hydraulic system failure. the steering sys-
tem also has an accumulator to keep the swivel locks
engaged when the BRK STEER switch is OFF.

Normal operating pressure range for the utility hydraulic
system is 2500 to 3500 psi. During APU operation pres-
sure is increased to approximately 3350 psi for engine

starting. (Sed _table 2-15-1 for fIiEht control and utility

hydraulic system capacities and oraccumula-
tor precharge pressures.)
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Figure 2-6-1. Hydraulics Control Panel
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2-6-5. PWR XFER Switches.

The two-position PWR XFER (power transfer) 1 and 2
switches are located on the UTIL (utility) hydraulic por-
tion of the HYD control panel (fig. 2-6-1). Each switch is
labeled ON and OFF. If either switch is ON, 28-volt DC
opens the normally closed solenoid valve in the corre-
sponding PTU and open a valve in the pressure control
module. This allows utility hydraulic system pressure to
operate the hydraulic motor pump on that PTU, pressur-
izing the flight control hydraulic system. Consequently,
the flight controls can be operated on the ground for
maintenance and checks without the rotors turning.

When both switches ar ON, No. 1 and No. 2 flight control
hydraulic systems will be pressurized. Both hydraulic
motor pumps of the PTU’s supply pressure for flight con-
trol operation, When the switches are OFF, the solenoid
valves are closed and the flight controls cannot be oper-
ated unless the rotors are turning. Power for these
switches is supplied by the No. 2 DC bus through the
HYDRAULICS PWR XFER circuit breaker on the No. 2
PDP.

2-6-6. RAMP PWR Switch.

WARNINGI

When the RAMP PWR switch is at OFF, be
sure the RAMP CONTROL valve is not
moved from STOP. Operating the valve
from STOP to UP or DN may cause the
ramp to free fall.

The RAMP PWR switch is on the lower right side of the
UTIL hydraulic portion of the HYD control panel [fig.
[2-6-1). The switch has three positions labeled ON, OFF,
and EMERG. At ON, the ramp isolation valve in the utility
system pressure control module is open, allowing sys-
tem pressure for normal ramp operation. At OFF, the
ramp isolation valve is closed, isolating the ramp system
from the remaining utility systems. This prevents loss of
utility system fluid if the ramp system fails. At EMERG,
electrical power is supplied to the RAMP EMER switch,
allowing the ramp and cargo door to be opened and
closed from the cockpit. Power to operate the RAMP
EMER switch and ramp isolation valve is supplied by the
No. 1 DC bus through the HYDRAULICS UTIL SYS
CONT circuit breaker on the No. 1 PDP.

2-6-7. BRK STEER Isolation Switch.

The BRK STEER isolation switch is on the HYD control
panel[(fig. 2-6-11). It is a guarded two-position switch la-
beled ON and OFF. At ON, the brake and steering isola-
tion valve in the utility system pressure control module is
open, allowing system pressure for normal brake and
steering operation. At OFF, the brake and steering isola-
tion valve is closed, isolating the brake and steering sub-
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systems from the remaining utility systems. ON is the
normal flight position. OFF is used when there has been
a hydraulic failure in the brake or steering system. Setting
the switch to OFF in this case prevents loss of system
fluid. This allows the remaining utility subsystems to con-
tinue to function normally. The brake system contains an
accumulator which allows limited system operation in a
hydraulic failure. The swivel lock system also has a small
accumulator which keeps the swivel locks locked with the
system isolated. Power to operate the BRK STEER
switch and valve is supplied through the HYDRAULICS
BRK STEER circuit breaker on the No. 1 PDP.

2-6-8. RAMP EMER Control Switch.

WARNINGI

The RAMP EMER control switch is in-
tended for emergency use only during
smoke and fume elimination procedures.
Inadvertent operation of the cargo ramp
and cargo door from the cockpit may re-
sult in injury to personnel or damage to
equipment.

The momentary, guarded, three-position RAMP EMERG
(ramp emergency) control switch is located on the UTIL
hydraulic portion of the HYD control panel [fig. 2-6-1).
This switch allows the pilot, in an emergency condition,
to raise or lower the ramp to a partially open, fully open,
or fully closed position. The switch is labeled UP, HOLD,
and DN (down), and is spring loaded to the center
(HOLD) position. the switch is active only when the
RAMP PWR switch is set to EMERG. For up operation,
the ramp will move only while the momentary switch is
held in the UP position, and will stop as soon as the
switch is released. For down operation, the switch has a
minimum 5 second function which allows the pilot to low-
er the ramp for 5 seconds by momentarily moving the
switch to DN and immediately releasing it. The down-
ward ramp movement will stop 5 seconds after the switch
is selected to the DN position (5 second timer circuit). If
the ramp and cargo door (ramp tongue) are in the fully
retracted into the ramp. The ramp can be further lowered
in 5 second intervals, by momentarily reselecting the DN
position when the ramp stops. The downward motion of
the ramp may be stopped at any time by momentarily
setting the RAMP EMERG switch to the UP position. The
ramp can also be lowered continuously (for more than 5
seconds) by holding the switch in the DN position until the
desired ramp lever is achieved.

At the UP or DN position, 28-volt DC activates the re-
spective up or down solenoid on the ramp control valve.
The ramp control valve handle moves to the selected
position, and the ramp repositions as selected. AtHOLD,
electrical power is removed from both the up and down
solenoids. The ramp control valve handle moves to the
STOP position and the ramp remains locked in position.
Power for the switch is supplied by the No. 1 DC essential




bus through the RAMP PWR switch and the RAMP
EMER CONT circuit breaker on the No. 1 PDP.

2-6-9. Hydraulic System Service Module.

A service module, on there right side of the cargo
compartment above the ramp, provides for filling the two
flight control hydraulic system and the utility hydraulic
system. It consists of a filler assembly, a two-stage hand
pump, and a selector valve for selection of any of the
three hydraulic systems for filling.

2-6-10. Utility System Hand Pump.

A two-stage hand pump, on the right side of the cargo
compartment above the ramp, is used to pressurize the
APU start accumulators for APU starting. Also, in con-
junction with the EMERG UTIL PRESS controllable
check valve, it may be used to operate the ramp and
door.

2-6-11. EMERG UTIL PRESS Controllable Check
Valve.

The EMERG UTIL PRESS controllable check valve is
located above the hand pump. It allows APU start accu-
mulator pressure to be used for operation of the ramp or
any other subsystem (brakes, swivel locks, etc.). When
the APU motor pump or utility pump is not operating, it is
not necessary to use the hand pump unless the accumu-
lator is discharged. When the accumulator is discharged,
the EMERG UTIL PRESS controllable check valve in
conjunction with the hand pump may be used to operate
the ramp and hatch. The NORMAL position of the check
valve is used when the system is pressurized by the APU
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or by the utility hydraulic pump. When the engines and
the APU are not operating, the controllable check valve
is set to OPEN, the ramp control handle is set to UP or
DN, and the hand pump is operated. When ramp move-
ment is completed, the ramp control handle is set to
STOP and the controllable check valve is set to NOR-
MAL. This valve may also be used in flight, in the event
of utility pump or system failure to provide accumulator
pressure to the subsystems.

2-6-12. Hydraulic Pressure Cautions.

Three hydraulic pressure caution capsules, one for each
flight control system and one for the utility hydraulic pres-
sure system, are on the master caution/advisory panel
(EawA[fig. 2-14-5) FTIN, They are labeled
NO.1HYD FLT CONTR, NO. 2 HYD FLT CONTR,
and UTIL HYD SYS, HYD 1, HYD 2, and UTIL
HYD SYS. Each capsule is electrically connected to a
pressure switch in the corresponding control module.
Whenever hydraulic pressure drops below 1,800 psi in
one of the flight control systems or the utility system, that
system caution illuminates. The caution capsule extin-
guishes as increasing pressure approaches 2,300 psi.
Caution capsules operation is independent of hydraulic
pressure indicator operation. Power for these capsules
is supplied by the DC essential bus through the CAU-
TION PNL circuit breaker on NO. 1 PDP.

2-6-13. Hydraulic Pressure Indicators.

Three HYDRAULICS PRESSURE indicators[(fig. 2-9-2),
one for each hydraulic system, are on the MAINTE-
NANCE PANEL. Refer to Section IX Utility Systems.

2-6-3/(2-6-4 blank)
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SECTION VII. POWER TRAIN SYSTEM

2-7-1. General.

Engine power is supplied to the rotors through a mechan-
ical transmission system This system con-
sists of a forward , a combining (mix), an aft, two engine
transmission, and drive shafting. An overrunning sprag
clutch is installed in each engine transmission. The
clutch provides a positive drive connection to transmit
power and permits freewheeling of both rotors whenin an
actual autorotation or during a simulated power failure.
Because of the freewheeling feature, no drag will be
placed on the rotors if an engine (or engines) fails.

Power from the engine transmission is transmitted
through separate drive shafts to the combining (mix)
transmission. The combining (mix) transmission com-
bines the power of the engines and transmits it at re-
duced shaft speed to the forward and aft transmissions.
Further speed reductions occurs within the rotor trans-
mission.

Two AC generators, the No. 2 flight control hydraulic
pump, and the utility system pump are mounted on and
driven by the aft transmission. The No. 1 flight control
hydraulic pump is mounted on and driven by the forward
transmission.

2-7-2. Transmission Lubrication Systems.

The forward, aft, and combining (mix) transmissions
have independent main and auxiliary lubrication systems
which operate concurrently. Each transmission has a
filter with an impending bypass indicator. If the differential
pressure across the filter exceeds 15 to 18 psi, the by-
pass indicator will extend to indicate a partially clogged
filter. When the differential pressure reaches 25 to 30 psi,
lubrication oil will bypass the filter. Refer to
for transmission oil system capacities, oil specifications,
and servicing procedures.

2-7-3. Forward Transmission.

The forward transmission lubricating system supplies
lubricating oil to the gears and bearings in the forward
transmission. Main system oil flows from the sump,
through the main oil pump, oil filter, cooler, and a jet
protection screen to jets from which the oil is discharged
to the various gears and bearings. Auxiliary system oil
flows from the auxiliary sump through the auxiliary oil
pump, and the auxiliary system filter to separate auxiliary
oil jets. An oil cooler mounted on the aft end of the trans-
mission around the input pinion cools mains system oil.
Air is forced through the cooler by a transmission-driven
fan.

2-7-4. Aft Transmission.

The aft transmission lubricating system supplies lubricat-
ing oil to the various gears and bearings in the aft trans-
mission and to the aft rotor shaft bearing. In addition, the

main lubrication system circulates cooling oil through the
two AC generators on the aft transmission. Transmission
oil flows from the sump through the main lube pump,
main filter, cooler, and the jet protection screen to jets
where the oil is sprayed onto the various gears and bea-
rings. In addition, after the oil leaves the jet protection
screen, alternate paths routes some of the lubricating oil
to the aft shaft bearing and cooling oil to the generators.
Auxiliary system oil flows from the auxiliary sump through
through the auxiliary pump and filter to the various gears
and bearings. The auxiliary system does not lubricate the
aft shaft bearing or the generators. An oil cooler mounted
on the aft end of the transmission cools main system oil.
Cooling air is drawn through the cooler by a transmis-
sion-driven fan.

2-7-5. Combining and Engine Transmission Lu-
brication Systems.

The combining (mix) transmission contains the oil reser-
voirs to supply lubrication oil to the various gears and
bearings in the combining (mix) transmission, No.1 en-
gine transmission, and the no. 2 engine transmission.
Two lubricating pump assemblies with four elements
each are within the combining (mix) transmission: left-
pump assemblies provides main lubrication to the com-
bining (mix) transmission and the no. 1 engine transmis-
sion. The right pump assembly provides auxiliary
lubrication to the combining (mix) transmission and lubri-
cates the No. 2 engine transmission. Each pump assem-
bly contains two pumping elements and two scavenge
elements.

Combining transmission main lubrication oil flows from
the combining (mix) transmission oil reservoir through
the left pump assembly, filter, cooler, jet protection
screen, and to the jets which spray the oil onto the vari-
ous gears and bearings. One of the scavenge elements
of the left pump assembly returns the oil from the combin-
ing (mix) transmission sump to the combining (mix)
transmission oil reservoir. The auxiliary lubrication oil
flows from the combining (mix) transmission auxiliary oil
reservoir to the right pump assembly, auxiliary lubrication
filter, and to the jets which spray the oil on the various
gears and bearings. One of the scavenge elements of the
right pump assembly returns the oil from the combining
(mix) transmission sump to the combining (mix) trans-
mission oil reservoir. the right pump assembly does not
route oil through a cooler.

No. 1 engine transmission oil flows from the No. 1 engine
transmission oil reservoir on the combining (mix) trans-
mission through the left pump assembly, filter, cooler, jet
protection screen, and to the jets which spray the oil on
to the various gears and bearings. One of the scavenge
elements of the left pump assembly returns the oil from
No. 1 engine transmission sump through a debris indicat-
ing screen and back to the No. 1 engine transmission oil
reservoir. No. 2 engine transmission oil flows from the

2-7-1
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No. 2 engine transmission oil reservoir on the combining
(mix) transmission through the right pump assembly, fil-
ter, cooler, jet protection screen, and to the jets which
spray the oil onto the various gears and bearings. One of
the scavenge elements of the right pump assembly re-
turns the oil from the No. 2 engine transmission sump
through a debris indicating screen and back to the No. 2
engine transmission oil reservoir. Engine transmissions
do not have auxiliary lubrication systems.

All'No. 1 and No. 2 engine transmission lubrication sys-
tem components are on the combining (mix) transmis-
sion except the jet protection screen and jets. Separate
oil jets are utilized for each transmission lubrication oil
system. The individual oil cooler for the combining (mix)
and both engine transmissions are mounted on the com-
bining (mix) transmission and utilize acommon transmis-
sion driven fan for cooling air.

2-7-6. Transmission Main Oil Pressure Indicator.

A transmission main oil pressure indicator is located on
the center instrument panel[(fig. 2-7-1)). It indicates either
the lowest main oil pressure in any one of the transmis-
sions or only the oil pressure in the transmission selected
by the pilot. The indicator is electrically connected to
each transmission. In addition, each transmission and
the aft rotor shaft bearing has a separate low pressure
switch. These switches are connected to the XMSN OIL
PRESS caution capsule on the master caution and the
TRANSMISSION MAIN OIL PRESS indicating lights on
the MAINTENANCE PANEL[{fig. 2-1041). Power to oper-
ate the indicator is supplied by the No. 1 AC bus through
the XMSN OIL PRESS circuit breaker on the No. 1 PDP.

2-7-7. Transmission Main Oil Pressure Selector
Switch.

A transmission oil pressure selector switch is located on
the center instrument panél (fig. 2-7}-1). The switch posi-
tions are labeled TEST, SCAN, FWD, AFT, MIX, LEFT,
and RT. When the switch is set to TEST, the pointer on
the transmission pressure indicator will drop to zero or
below. When the switch is set to SCAN, the lowest main
oil pressure among all the transmission will be indicated.
The remaining positions are used to select a particular
transmission oil pressure indication. When selecting a
particular switch position, be sure the switch is in detent.
If the switch is not in detent, the pressure gage will indi-
cate zero.

2-7-8. Transmission Main Oil Temperature Indica-
tor.

Atransmission oil temperature indicator is located on the
center instrument panel(fig. 2-7-2). It reads from —70° to
+150°C. It indicates the highest oil temperature among
all the transmissions or only the oil temperature of the
selected transmission. A temperature probe is located in
the forward and aft transmission sumps and in each
compartment of a three-compartment oil tank for the
combining (mix) transmission and in each engine trans-
mission. The temperature probes in the three tank
compartments measure oil temperature in the tank and
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may not immediately indicate a transmission problem.
Loss of oil or low oil pressure may not be accompanied
by high oil temperature indication.
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REFER TO CHAPTER 5 FOR INSTRUMENT MARKINGS,
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Figure 2-7-1. Transmission Main Oil Pressure
Indicator and Selector Switch

Each temperature probe incorporates a high oil tempera-
ture switch which is independent of the temperature indi-
cator and is triggered at 140°C, lighting the XMSN OIL
HOT caution capsule on the master caution panel and to
the TRANSMISSION OVERTEMP magnetic indicator on
the MAINTENANCE PANEL. Power to operate the indi-
cator is supplied by the No. 1 AC bus through the XMSN
OIL TEMP circuit breaker on the No. 1 PDP.

2-7-9. Transmission Main Oil Temperature Selector
Switch

A transmission oil temperature selector switch is on the
center panel below the transmission oil temperature indi-
cator [fig. 2-7-2)} The switch positions are labeled TEST,
SCAN, FWD, AFT, MIX, LEFT, and RT. When the switch
is setto TEST, the pointer on the transmission oil temper-
ature indicator deflects full scale toward low temperature.
.When the switchis setto SCAN, the highest oil tempera-



ture among all transmissions is indicated. The remaining
positions are used for selecting a particular transmission
fied by the oil temperature selector switch oil temperature
indication. When selecting a particular switch position,
be sure the switch is in detent. If the switch is not detent,
the oil temperature indicator will indicate —70°C.

XMSN OIL
TEMP

NOTE: REFER TO CHAPTER 5 FOR INSTRUMENT MARKING.
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Figure 2-7-2. Transmission Main Oil Temperature
Switch and Indicator

2-7-10. Transmission QOil Cautions.

Five transmission oil caution capsules are on the master
caution panel. The capsules are labeled XMSN OIL HOT,
XMSN OIL PRESS, XMSN AUX OIL PRESS, and
EEEINO. 1 AND NO. 2 ENG XMSN HOT, ENG 1
or ENG 2 XMSN HOT. These cautions, in conjunction
with the transmission oil pressure and temperature indi-
cators on the center instrument panel and the TRANS-
MISSION OVERTEMP magnetic indicators, MAIN OIL
PRESS, and AUX OIL PRESS indicating lights on the
MAINTENANCE PANEL, alert the crew to impending
transmission lubrication problems. The cautions operate
independently of the pressure and temperature indica-
tors on the center instrument panel.
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a. XMSN OIL HOT Caution. lItilluminates when the
main oil temperature in the sump of the forward, aft and
reservoir of the combining (mix) or either engine trans-
mission exceeds 140°C. The hot transmission is identi-
fied by the oil temperature selector switch and indicator
and the TRANSMISSION OVERTEMP magnetic indica-
tors on the MAINTENANCE PANEL.

b. XMSN OIL PRESS Caution. It illuminates when
main oil pressure drops below 20 psiin any transmission
or aft rotor shaft pressure drop below 10 psi. The low-
pressure system s identified by the transmission oil pres-
sure selector switch and indictors on the center instru-
ment panel and the TRANSMISSION MAIN OIL PRESS
indicating lights on the MAINTENANCE PANEL. If the
XMSN OIL PRESS caution capsule illuminates and the
affected transmission cannot be determined using the
selector switch, the condition may be caused by loss of
aftrotor shaft oil pressure. Low oil pressure at the aft rotor
shaft is indicated by the illumination of the TRANSMIS-
SION AFT SHAFT MAIN OIL PRESS indicating light on
the MAINTENANCE PANEL.

c. XMSN AUX OIL PRESS Caution. It is activated
by individual aux oil switches and illuminates when auxil-
iary oil pressure drops below 20 psi in the fwd or aft
transmission and 10 psi in the combining (mix) transmis-
sion. The transmission with the low pressure is identified
by alit TRANSMISSION AUX OIL PRESS indicating light
on the MAINTENANCE PANEL.

d. EEEENO. 1 or NO. 2 ENG XMSN HOT,
ENG 1 XMSN HOT or ENG 2 XMSN HOT Caution. They
illuminate if oil temperature in either engine transmission
exceeds about 190°C. The capsules are activated by a
thermoswitch in each engine transmission. The thermo-
switch monitors oil temperature in the transmission, not
in the reservoir. It is part of a chip detector and tempera-
ture assembly in each engine transmission.

2-7-11. Transmission Chip Detectors.

Chip detectors are installed in all transmission and aft
rotor shaft thrust bearing lubrication systems. All trans-
mission chip detectors, except those in the engine trans-
mission, are connected to the XMSN CHIP DET caution
capsule on the master caution panel. Engine transmis-
sion chip detectors are connected to the corresponding
EEZANO. 1 or NO. 2 ENG CHIP DET, ENG 1 or
ENG 2 CHIP DET caution capsules.

All transmissions and aft rotor shaft chip detectors are
also connected to the TRANSMISSION CHIP DETEC-
TOR magnetic indicators on the MAINTENANCE PAN-
EL. When a chip detector is bridged by ferrous particles,
the XMSN CHIP DET, or the IEZINO. 1 and/or NO. 2
ENG CHIP DET, IFZYMENG 1 and/or ENG 2 CHIP DET
caution capsule illuminates. At the same time, the corre-
sponding TRANSMISSION CHIP DETECTOR indicator
on the MAINTENANCE PANEL will trip and change from
an all-black indication to a black-and-white indication,
identifying the transmission.

2-7-3
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2-7-12. Transmission Chip Detectors Fuzz Burn-
Off.

Helicopters equipped with the chip detector fuzz burn-off
system in the forward, combining (mix), aft, No.1 and No.
2 engine transmission, and aft rotor shaft thrust bearing
are identified by a module labeled PWR MDL CHIP
BURN-OFF located below the MAINTENANCE PANEL.
The chip detector fuzz burn-off system employs an oper-
ated fuzz burn-off electrical circuit with the ability to elimi-
nate nuisance automatically chip lights caused by minute
ferrous metallic fuzz or ferrous metallic particles on the
transmission chip detectors. The response time of the
fuzz burn-off circuit is more rapid than that of the helicop-

2-7-4

ter warning system; thus a successful fuzz burn-off will
be accomplished before any caution capsule onthe mas-
ter caution panel illuminates. Should the particle or par-
ticles not burn off, the XMSN CHIP DET caution will illu-
minate. Also, the corresponding TRANSMISSION CHIP
DETECTOR or ENGINE CHIP DETECTOR magnetic
indicator on the MAINTENANCE PANEL will latch. Pow-
er for the PWR MDL CHIP BURN-OFF is supplied by the
No. 1 DC bus through the HYDRAULICS MAINT PNL
circuit breaker on the No. 1 PDP.
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SECTION VIIl. ROTOR SYSTEM

2-8-1. General.

Lift is produced by a rotor system consisting of two fully
articulated counter-rotating rotors. Each rotor has three
fiberglass blades. The forward rotor is driven by the for-
ward transmission through a rotor drive shaft. The aft
rotor is driven by the aft transmission through a vertical
drive shaft.

The rotor head consists of a hub connected to three
pitch-varying shafts by three horizontal hinge pins.
These pins permit blade flapping. Stops on the top and
bottom of the hub limit the blade flapping motion. The aft
rotor head is equipped with centrifugal droop stops which
provide increased blade flapping angle for ground and
flight operation.

Covers may be installed on the centrifugal droop stop
operating mechanism. The covers prevent ice accu-
mulation on the mechanism and ensure proper droop
stop operation following flight in icing conditions. For in-
formation on use of the droop stop covers, refer to Chap-
ter 8, Section IV.

Mounted coaxially over the pitch-varying shafts are pitch-
varying housings to which the blades are attached by
vertical hinge pins. These pins permit blade leading and
lagging. Each pitch-varying shaft is connected to the
pitch-varying housing by a laminated tie bar assembly.
The high tensile strength and low torsional stiffness of the
tie bar retains the blade against centrifugal force and
allows blade pitch changes about the pitch axis.

Blade pitch changes are accomplished by three pitch-
varying links connected from the rotating ring of the
swashplate to the pitch-varying housing on each rotor
blade. Cyclic pitch changes are accomplished by tilting
the swashplate. Collective pitch changes are accom-
plished by vertical movement of the swashplate. Com-
bined collective and cyclic pitch change result from com-
bined control inputs by the pilot.

A direct-action shock absorber is attached to the blade
and to the pitch-varying housing. When the inboard end

of the shock absorber is disconnected, the blade can be
folded in either direction about the vertical hinge pin.

2-8-2. Rotor Blades.

a. Eachrotor blade consists of D-shaped fiberglass
spar assembly and a Nomex fairing assembly bonded to
the spar. The blade chord is 32 inches.

b. Atitaniumnose capis bonded to the leading edge
of the spar. A nickle erosion cap is bonded to the blade
along the outer 54 inches of leading edge. This cap pro-
tects the part of the blade most vulnerable to erosion.

c. The fairing assembly is bonded to the trailing
edge of the spar. These fairings are constructed of a
Nomex honeycomb core covered with fiberglass skin.
Wire mesh screens are embedded in the fiberglass skin
at the tip and the trim tab. the wire mesh screens provide
an electrical path to the rotor hub from the metal trim tab
and tip for lightning protection. Also, to provide lightning
protection, each blade has two lightning cables and two
straps. The cables and straps complete the path from the
wire mesh to the rotor head.

d. Balance and tracking weights are installed in the
tip of spar and fairing assembly. The tracking weights are
removable and are used for blade track and balance.

2-8-3. Rotor Tachometers.

Two rotor tachometer (16,[fig. 2-1-7|and|fig. 2-1-9), one
mounted on the pilot instrument panel, the other
mounted on the copilot instrument, indicate percent of
rotor revolutions per minute (RRPM). A small needle on
the tachometer indicates percent RPM from 0 to 60. The
large needle indicates percent RPM from 60 to 130. The
RRPM sense signal is supplied by the AC generators.
generator No. 1 supplies the copilot indicator and gener-
ator No. 2 supplies the pilot indicator. Power to operate
the indicators is supplied by the DC essential bus through
the ROTOR TACH circuit breaker on the No. 1 and No.
2 PDP.

2-8-1/(2-8-2 blank)
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SECTION IX. UTILITY SYSTEMS

2-9-1. Anti Icing Systems.

Anti icing is provided for the pitot tubes, AFCS yaw ports,
and pilot and copilot windshields. The center windshield is
not anti-iced, it is only defog.

2-9-2. ANTI ICE Panel.

The ANTI ICE panel is located on the overhead switch
panel[(fig. 2-911). It has three two-position W/S (wind-
shield) switches labeled CPLT, CTR, and PLT. The
switches positions are OFF and ON. In addition, a two-
position PITOT heat switch is in this panel. The switch
positions OFF and ON.

Power for the pilot and center windshields is from the No.
2 AC bus through the WSHLD ANTI ICE HEAT PILOT
and CTR circuit breakers. Power for the copilot wind-
shield is from the No. 1 AC bus through the WSHLD
COPLT HEAT circuit breaker on the No. 1 PDP. Anti-ice
control for the pilot and center windshield is from the
28-volt No. 2 DC bus through the WSHLD ANTI ICE
CONT CTR and PILOT circuit breakers onthe No. 2 PDP.
Anti-ice control for the copilot windshield is from the
28-volt No. 1 DC bus through the WSHLD COPLT CONT
circuit breaker on the No. 1 PDP. Power to operate the
heater elements in the pitot tubes and yaw ports is sup-
plied by the No. 2 AC bus through the PITOT HEAT and
YAW PORT HEAT circuit breakers on the No. 2 PDP.

a. WI/S Switches. The pilot and copilot windshields
are anti-iced and defogged electrically. The center wind-
shield is defogged but not anti-iced. The laminated wind-
shield panels are heated electrically by current which
passes through a transparent conductive coating em-
bedded between the layers.

J L
O
O I—E W/S HEAT ? PITOT

CTR HEAT

A o} o] o) 0o
Nc F F F F
TE F F F F
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o

Figure 2-9-1. Anti Ice Panel

CAUTION

If windshield bubbling or delamination oc-
curs around the sensor element, immedi-
ately place switch to OFF for that wind-
shield.

When any switch is moved to ON, current flows to the
associated temperature controller and then to the wind-
shield. As the temperature of the windshield rises to a
preset value (about 44°), as sensed by the sensor ele-
ment, the electrical current to the windshield is inter-
rupted by the temperature control relay. Once the wind-
shield has cooled sufficiently, electrical current is
reapplied. This causes a cycling effect which maintains
windshield temperature within operating limits.

Operating temperature is on in less than 1 minute after
the switch is placed to on. When the switch is placed to
OFF, the anti-icing system is deenergized.

b. PITOT Heat Switch. Heating elements prevent
ice accumulation in the pitot tubes and the yaw ports.
When the PITOT switch is placed to ON, power to the
heater elements in the pitot tubes and yaw ports is ap-
plied. When the switch is placed to OFF, the heating
elements are deenergized.

2-9-3. MAINTENANCE PANEL.

The MAINTENANCE PANEL is on the right side of the
cabin above the ramp [[fig. 2-9-2). The panel is provided
to assist in the identification of system malfunction or
condition that may require servicing or other mainte-
nance. The panel is divided into four sections. They are
labeled TRANSMISSION, HYDRAULICS, ENGINE, and
GROUND CONTACT.

2-9-4. TRANSMISSION Section.

This section monitors the FWD, COMB, AFT, AFT
SHAFT, LEFT, and RIGHT transmissions. It consists of
six CHIP DETECTOR magnetic indicators, six DEBRIS
SCREEN a magnetic indicators, six MAIN OIL PRESS
indicating PRESS-TO-TEST lights, three AUX OIL
PRESS indicating PRESS-TO-TEST lights, and five
OVERTEMP magnetic indicators. Power to operate the
indicators is supplied by the No. 1 DC bus through the
HYDRAULIC MAINT PNL circuit breaker on the No. 1
PDP.

a. CHIP DETECTOR Magnetic Indicators. When
the corresponding CHIP DETECTOR s bridged by fer-
rous particles, the associated chip detector indicator
changes from all-black to black-and-white. In addition,
the XMSN CHIP DET or ENG CHIP DET caution capsule
illuminates on the master caution panel.

2-9-1
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Figure 2-9-2. Maintenance Panel

b. DEBRIS SCREEN Magnetic Indicators. There is
one indicator each for the FWD transmission, AFT trans-
mission, and the Left (No. 1) and Right (No. 2) engine
transmissions. There are two indicators for the COMB
transmission. one indicator for the left sump and one indi-
cator for the right sump.

NOTE

Their is no cockpit indication of a latched DE-
BRIS SCREEN magnetic indicator. If a DE-
BRIS SCREEN magnetic indicator latches,
the flight engineer shall advise the pilotimme-
diately.

The indicators are electrically connected to screens in
the sumps of each transmission. If the screen mesh is
bridged with conductive particles, the indicating circuit
closes and trips the corresponding DEBRIS SCREEN
magnetic indicator on the MAINTENANCE PANEL.

c. MAIN OIL PRESS indicating Lights. If main olil
pressure drops below 20 psi in any transmission or 10
psi in the aft shaft bearing, the corresponding indicating
light will illuminate. in addition, the XMSN OIL PRESS
caution will illuminate on the master caution panel.

2-9-2

d. AUXOIL PRESS indicating Lights. If auxiliary oil
pressure drops below 20 psi in the FWD or AFT trans-
mission or 10 psi in the COMB transmission, the corre-
sponding indicating light will illuminate. In addition, the
XMSN AUX OIL PRESS caution will illuminate on the
master caution panel.

e. OVERTEMP Magnetic Indicators. Each OVER
TEMP magnetic indicator is electrically connected to a
temperature probe in the reservoir of each transmission.
If oil temperature in the transmission reservoir exceeds
140°C, a switch closes. When the switch closes, the
XMSN OIL HOT caution illuminates on the master cau-
tion panel and trips the corresponding OVERTEMP mag-
netic indicator on the MAINTENANCE PANEL, thus iden-
tifying the hot transmission.

2-9-5. HYDRAULICS Section.

This section monitors the FLT CONT NO 1, FLT CONT
NO 2, and UTILITY hydraulic systems. It consists of three
PRESSURE indicators, three fluid TEMPERATURE indi-
cators, two RESERVOIR LEVEL indicators, six FILTER
CHANGE indicating PRESS-TO-TEST lights, and four
PUMP FAULT indicating PRESS-TO-TEST lights. Power
to operate the indicators is supplied by the No. 2 DC bus



through the HYDRAULICS MAINT PNL LTS circuit
breaker on the No. 2 PDP.

a. PRESSURE Indicators. The FLT CONT NO. 1
and NO. 2 PRESSURE indicators are electrically connected
to a corresponding pressure transmitter on the respective
power control module. The UTILITY PRESSURE indicator
is electrically connected to a pressure transmitter on the
pressure control module. Indicator operation is independent
of caution capsule operation. Power to operate the indica-
tors is supplied by the No. 2 DC bus through the HY-
DRAULICS PRESS IND circuit breaker on the No. 2 PDP.

b. TEMPERATURE Indicators. The indicators are
below the PRESSURE indicators. They indicate the temper-
ature of the hydraulic fluid at the outlet of the corresponding
reservoir-cooler. Power to operate the indicators is supplied
by the No. 2 DC bus through the HYDRAULICS FLUID
TEMP circuit breaker on the No. 2 PDP.

c. RESERVOIR LEVEL Indicators. The left indicator
is dedicated to the No. 1 and No. 2 flight control hydraulics
system. In addition, a two—position FLT CONT switch la-
beled NO. 1 and NO. 2 is used to select the system of which
the fluid level is to be indicated. The reservoir should be
serviced to the FULL mark before flight. The right indicator
is dedicated to the utility hydraulic system. When the push-
button LEVEL CHECK switch is pressed, the fluid level in
each reservoir-cooler will be indicated by the appropriate
indicator.

d. FILTER CHANGE Indicating Lights. The indicat-
ing lights are arranged in three sets of two for each hydraulic
system. Each set of indicating lights are labeled PRESS and
RTN. The PRESS indicating light in each set monitors the
pressure line filter in each system. The RTN indicating light
monitors the return line filter in each system. When the
pressure drop across a filter exceeds 75 psi, indicating
impending filter bypass, the corresponding filter change indi-
cating light will illuminate. Power to operate the filter change
indicating lights is supplied by the No. 2 DC bus through the
HYDRAULICS MAINT PNL LTS circuit breaker on the No.
2 PDP.

e. PUMP FAULT Indicating Lights. The indicating
lights are labeled NO. 1, NO. 2, APU, and UT. They are
connected to sensors in the case drain line of each pump.
If the flow rate from the case drain of a pump increases to
the point which causes an increased pressure drop across
the sensor, the sensor turns on the corresponding PUMP
FAULT light ( a high flow rate from the case drain of a pump
may indicate impending pump failure). Power to operate the
lights is supplied by the No. 1 DC bus through the HY-
DRAULICS MAINT PNL circuit breaker on the No. 1 PDP.

2-9-6. ENGINE CHIP DETECTOR Section.

This section consists of two magnetic indicators labeled
NO. 1 and NO. 2. When the corresponding ENGINE CHIP
DETECTOR is bridged by ferrous patrticles, the associated
chip detector indicator changes from all-black to black-and-
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white. In addition, the ENG CHIP DET caution will illumi-
nate on the master caution panel.

2-9-7. GROUND CONTACT Section.

CAUTION

Should either or both GROUND CONTACT
indicating lights remain illuminated after
lift-off to hover, the indicated system(s)
DASHwill not function properly in forward
flight. If both GROUND CONTACT indicat-
ing lights remain illuminated after lift-off,
the AUTO function of both cyclic trims
system will be inoperative.

This section consists of two indicating lights labeled L and
R. When the landing gear proximity switch is activated, the
appropriate GROUND CONTACT indicating light will illumi-
nate.

2-9-8. GND Switch.
NOTE

While in flight, the flight engineer shall alert
the pilot when placing the GND switch on the
MAINTENANCE PANEL to TEST. Placing the
switch to TEST will cause the NO. 1 and NO.
2 ENG CHIP DET, XMSN OIL HOT and
XMSN CHIP DET cautions to illuminate.

The GND switch allows the flight engineer to perform a BITE
(Built In Test Equipment) test on the circuitry of the MAINTE-
NANCE PANEL. The switch is springloaded and locked at
center-off position. At TEST, a black and white display ap-
pears on all magnetic BITE indicators. At RESET, all mag-
netic BITE revert to an all-black indication. Power is supplied
to the switch by the No. 1 DC bus through the HY-
DRAULICS MAINT PNL circuit breaker No. 1 PDP.

2-9-9. Windshield Wipers.

CAUTION

To prevent windshield damage, do not op-
erate windshield wipers when windshield
are dry.

Two electrically driven windshield wipers (3, are
installed, one on each pilot windshield. One motor operates
both wipers through two flexible shafts and two windshield
wiper converters. The windshield wiper motor is controlled
by the W/S (windshield) WIPER switch located on the over-
head switch panel. Power is supplied by the No. 2 DC bus
through the WSHLD WIPER circuit breaker on the No. 2
PDP.

The WIS WIPER switch has five positions labeled OFF,
SLOW, MED, FAST, and PARK. Wiper speed can be ad-
justed as desired, by rotating the switch from OFF. At OFF,
the wipers will stop immediately at any position on the arc
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of travel. At PARK, the wipers stop and reposition against the
inside windshield frame.

2-9-10. Map and Data Case.

The map and data case is in the passageway. It holds
manuals, maps and other data.

2-9-11. Cockpit Rearview Mirror.

A rearview mirror is installed on the right center wind-
shield support to enable the pilot to observe the cargo
compartment.

2-9-12. Spare Lamp Stowage Box.

The spare lamp stowage box is in the cockpit on top of
the No. 1 PDP. Spare lamps are provided for the instru-
ment post lights, instrument light shields, dome lights,
cabin and ramp lights, and nacelle work lights.

2-9-13. Cockpit Utility Receptacles.

Two 28-volt DC utility receptacles are in the cockpit, one
on No. 1 PDP and one on No. 2 PDP. Each receptacle is
labeled UTIL RCPT 28V DC. Power to operate the copilot
receptacle is supplied by the No. 1 DC bus through the
UTILITY COPLT circuit breaker on the No. 1 PDP. Power
to operate the pilot receptacle is supplied by the No. 2 DC
bus through the UTILITY RCPT PILOT circuit breaker on
the No. 2 PDP.

2-9-14. AC Cabin Utility Receptacles.

A 115 volt, single-phased 400 Hz AC utility receptacle
and a 200 volt 3-phase 400 Hz AC utility receptacle are
on each side of the cabin at sta 320. The receptacles are
accessible after the acoustical access cover and the re-
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ceptacle dust cap are removed. Power to operate the 115
volt receptacles is supplied by the No. 1 and No. 2 AC
buses through the LH and RH UTIL RCPT circuit break-
ersonthe No. 1 and No. 2 PDP. Power to operate the 200
volt receptacles is supplied by the No. 1 and No. 2 AC
busses through the LH and RH CABIN AC RCPT
3-phase circuit breakers on the No. 1 and No. 2 PDP.

2-9-15. DC Cabin Utility Receptacles.

Four 28-volt DC utility receptacles with three outlets are
on the sidewalls of the cargo compartment. Power to
operate the left cabin utility receptacles is supplied by the
No. 1 DC bus through the UTILITY LH FWD and LH AFT
circuit breakers on the No. 1 PDP. Power to operate the
right cabin utility receptacles is supplied by the No. 2 DC
bus through the UTILITY RCPT RH AFT and RH FWD
circuit breakers on the No. 2 PDP.

2-9-16. Ash Trays.

Three ash trays may be installed in the cockpit, one for
each pilot and one for the troop commander.

2-9-17. Compass Correction Card Holder.

The magnetic compass correction card holder is at-
tached to the left side of the magnetic compass. The card
contains the necessary deviation values which are ap-
plied to the indicated reading.

2-9-18. Pilot Assist Straps.

Two assist straps are attached to the center window
frame of the cockpit structure to provide the pilots with a
hand hold while getting into the seats. The assist straps
can be positioned flat against the structure after use.
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SECTION X. HEATING, VENTILATION, COOLING, AND ENVIRONMENTAL
CONTROL SYSTEMS

2-10-1. Heating and Ventilating System.

A 200,000 btu/hr capacity internal combustion heating
system is provided. it consists of a heater unit, a fuel
control unit, an ignition assembly, a blower, control re-
lays, and air pressure and temperature control circuits.
Ducting carries heated air or ventilating air to the cockpit
and the cabin. The heater consumes approximately 15
pounds of fuel per hour from the right main fuel tank.

The heater and blower are mounted vertically on the right
side of the helicopter, immediately aft of the forward cab-
in section bulkhead. Air for the system is provided by the
blower which draws air from an inlet on the forward upper
side of the fuselage. If sufficient air is not available for
proper heater operation, an automatic differential pres-
sure switch in the heater circuit will stop the heater.

Both ventilating and combustion air enters the heater
inlet. The heating air passes over the heated metal walls
of the combustion chamber and is directed to a network
of ducting. The air entering the combustion chamber is
combined with atomized fuel and, after combustion that
heats the metal walls, the exhaust is discharged through
an outlet on the forward upper side of the fuselage. Pow-
er to operate the blower is supplied by the No. 2 AC bus
through the CABIN HEATER BLOWER circuit breaker on
the No. 2 PDP. Power to the rest of the system is supplied
by the No. 2 DC bus through the CABIN HEATER CONT
circuit breaker on the No. 2 PDP.

2-10-2. HTG Panel.

The HTG (heating) panel is located on the
overhead switch panél(fig. 2-1410). It consists of a rheo-
stat-type CABIN TEMP SEL rotary switch, a three-posi-
tion heater function switch, and a spring-loaded push-
buttton HTR START switch.

a. CABIN TEMP SEL Rotary Switch. The CABIN
TEMP SEL rotary switch is labeled COOL and WARM.
This switch operates in conjunction with the temperature
controller relay in the heater circuit and with a cabin ther-
mostat. One set contacts on the temperature controller
relay closes to complete a circuit to the fuel control sole-
noid valve. This allows fuel to be delivered to the heater.

The second set of contacts on the temperature controller
relay closes to complete the circuit to the heater windings
in the cabin thermostat. The heater windings heat a col-
umn of mercury in the thermostat, causing it to rise.
When the mercury column reaches a 34°C contact, the
temperature control relay is shunted, causing its contacts
to open and interrupt the circuit to the fuel control sole-
noid valve. This stops heater operation by shutting off the
fuel supply to the heater.

—
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Figure 2-10-1. HTG Panel

The circuit to the thermostat heater winding is also inter-
rupted, allowing the winding to cool and the mercury
column to contract, thus reenergizing the temperature
controller relay. this creates a cycling effect, the rate of
which can be varied by increasing or decreasing the
resistance between the temperature selector and he
thermostat heating winding. Resistance is varied by turn-
ing the CABIN TEMP SEL rotary switch. this increase or
decrease in resistance directly varies the time the heater
is allowed to operate before being automatically cycled.

b. Heater Function Switch. The heater function
switch is labeled BLWR ONLY , OFF, and HTR ON. The
switch selects the desired feature of the heating and
ventilating system. When the switch is set to BLWR
ONLY, the blower forces unheated air into both the cock-
pit and cabin. Further movement of the heater controls is
not required. Selecting HTR ON energizes the various
units of the heater once the HTR START switch is pres-
sed. The heating and ventilating system is shut down
when the switch is set to OFF.

c. HTR START Switch. When HTR ON is selected
on the heater function switch and the HTR START switch
is pressed, the heater control circuits are energized. The
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blower starts and purges the heater combustion cham-
ber of any unburned fuel, while the remainder of the
circuit remains inactive because of a 10 to 15 second
time-delay relay. After the time-delay relay is energized,
the ignition assembly is powered and the master fuel
solenoid valve opens, allowing fuel to flow to the heater
fuel control unit to complete the start.

2-10-3. Cockpit Air Knob.
Two cockpit air knobs (15[fig 2-1=7land 9, [fig. 2-1-9) are

in the lower outboard corner of both the pilot and the
copilot instrument panels. The knobs are labeled PULL
FOR COCKPIT AIR. Each knob controls a valve on the
heater ducting which regulates the airflow to the cockpit.

2-10-4. Air Control Handles.

Two air control handles are mounted through a placard
on the right side of the canted console. The placard is
labeled AIR CONTROL PULL FOR ON with each handle
labeled COCKPIT DEFOG OR DEFROST and CABIN
AIR. By pulling the DEFOG or DEFROST handle, heater
or ventilating air is directed to the cockpit nose enclosure
ducting. The airflow is directed to the transparent portion
of the jettisonable doors and nose enclosure providing
defrosting as well as additional forward cockpit section
heating. When the CABIN AIR handle is pulled, heated
or ventilating air flows through the ducting to the cabin.

2-10-2

2-10-5. Cabin Heat Controls.

Fourteen manually adjustable outlets are provided in the
cabin for the comfort of the passengers.

2-10-6. Heater Caution.

NOTE
Since the HEATER HOT caution will not extin-
guish until the temperature in the combustion
chamber is below 177°C, it may take several
attempts at restarting the heater before
HEATER HOT caution extinguishes.

A heater caution capsule labeled IF¥AHEATER HOT,
EEEYHTR HOT is on the master caution panel [(fig]
2-14-6). This caution indicates failure of the automatic
temperature control circuit. If air temperature in the heat-
er rises to 177°C, an overheat switch deenergizes the
automatic temperature controller relay, shuts off the
heating system, except the blower, and activates the
EEZAHEATER HOT, IFZZMHTR HOT caution. The heat-
ing system will not operate until the blower has lowered
the heater temperature to normal and the HTR START
switch is pressed. Even though the temperature in the
combustion chamber has lowered, the EIFPAHEATER
HOT, IFEHTR HOT caution will not extinguish until the
HTR START switch is pressed.
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SECTION Xl. ELECTRICAL POWER SUPPLY AND DISTRIBUTION SYSTEMS

2-11-1. Electrical Power Supply System.

Alternating current (AC) is the primary source of power
to operate the electrical and electronic equipment. Three
AC generators, two driven by the aft transmission and
one driven by the APU, produce 115/200-volt 3-phase
400-Hz power. The system develops 28-volt DC through
two transformers rectifiers (RECT) one each in the for-
ward section of the left and right fuselage pods. DC is
also supplied by a 24-volt nickel-cadmium battery.

Both 115/200-volt 3-phase AC and 28-volt DC can be
supplied by operating the APU or by connecting an AC
external power source to the external power receptacles
[fig 2-11-7). If the APU is running or AC external power
is connected, DC power is supplied by the helicopter
transformer rectifiers (RECT). If only DC external power
is supplied, AC power is not available on the helicopter.
Circuits are protected by circuit breakers (fig. FO-3 and
FO-5). The electrical load is divided between the two AC
generators (fig. FO-3 and FO-6). Should one generator
fail, the other will automatically take over the entire load.
When APU is running, its single generator powers the
entire load.

EXT PWR
DC — AC

28
VvDC

115/200V
400 CYCLE AC

Figure 2-11-1. External Power Receptacles

2-11-2. AC System.

The AC system supplies 115/200-volt three-phase
400-Hz power from No. 1 AC generator to No. 1 three-
phase AC bus and from No. 2 AC generator to the No. 2
three-phase AC bus (fig. FO-3 and FO-6). The AC equip-
ment is powered by these buses. Some of the equipment
is operated by 115-volt single-phased AC and some
equipment by 26-volt AC power supplied through the
transformers.

The AC system is protected from overvoltage, undervol-
tage, and underfrequency conditions by generator con-
trol units. The generators will be disconnected from the
AC buses any time the RRPM drops below 82 to 85
percent for more than 3 to 7 seconds. The AC power
distribution system has four power sources, a contactor,
control circuit, an AC power transfer circuit, and two AC
buses.

The No. 1 and No. 2 generator power sources are two
main generators driven directly by the aft transmission.
The APU generators is driven directly by the APU. The
external power source is an AC power supply connected
to the helicopter.

No. 1 and No. 2 generators feed their respective buses.
If No. 1 and No. 2 generator fails (or are shut down), the
failed generator is isolated from its bus and the operating
generator feeds both buses. When No. 1 or No. 2 or both
generators are operating, APU generator and external
power are blocked from the AC buses.

When the APU generator is operating and the main gen-
erators are shut down (or rotors turning below about
84%) or switched off, the APU generator feeds both bu-
ses. When the APU generator is operating, external pow-
er is blocked from the AC buses. When external power
is applied to the helicopter (GEN APU, GEN 1, and GEN
2 are OFF), the external power source feeds both buses.

The Generator Control Unit (GCU) also provides genera-
tor feeder fault protection. If a fault occurs between the
feeder and the airframe, the GCU will disable the genera-
tors. This prevents structural damage to the airframe
when a ground fault occurs.

The Permanent Magnet Generator (PMG) section within
the generator is used to power the main contactors (re-
lays) in the distribution system. A pickoff coil within the
PMG provides an RPM signal for the rotor tachometer
indicators. This tachometer signal is available whenever
the rotor are turning.

2-11-3. Generator Control Switches.

The generator control switches are located on the ELEC
panel of the overhead switch panel [fig. 2-11-2). The
three switches are labeled GEN 1, GEN 2, and GEN
APU. The switch positions are TEST, OFF RESET, and
ON.

2-11-1
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When the switches are ON, the respective main relay
operates, which energizes and connects the generator to
the buses. At OFF RESET, the generator is deenergized
and disconnected from the bus. This position is also used
to reset a generator. The TEST position is provided to
allow the generator to be energized but disconnected
from the bus to determine whether the AC produced is of
proper frequency and voltage, except the APU genera-

tor.
unAFn APU
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Figure 2-11-2. Electrical Power Panel
2-11-4. GEN OFF Cautions.

Two generator caution capsules labeled NO. 1
GEN OFF and NO. 2 GEN OFF, GEN 1 AND GEN
2 are on the master caution/advisory panel (EERlTig.]
[2-14-5] N fig. 2-14-6)). These caution capsules illumi-
nate whenever the generators are in operative.The cap-
sules are controlled by the main generator contactors
when the generator control switches are in either ON or
OFF RESET.In TEST, the capsules are controlled by the
generator control switch and will extinguish if generator
output has the proper frequency and voltage.Power to
operate the generator capsules is supplied by the DC
essential bus through the LIGHTING CAUTION PNL cir-
cuit breakers on the No. 1 PDP.

2-11-5. EXT PWR Caution.

CAUTION

When external power is used, a visual

check shall be made by the crew to ensure

that the external power unit has been dis-

connected from the helicopter before taxi-

ing.
An external power caution capsule labeled EXT PWR is
on the master caution panel [(fig. 2-14-5| and[ fig.|
[2-14-6).This capsule illuminates and remains illuminated
whenever external power is connected.The light is con-
trolled by the AC external power contactor and the DC
power relay.The capsule extinguishes when the genera-
tors are supplying current to the buses.Power to operate
the external power caution capsule is supplied by the DC

2-11-2

essential bus through the LIGHTING CAUTION PNL cir-
cuit breaker on the No. 1 PDP.

2-11-6. DC System.

The direct current (DC) power supply system supplies
28-volt DC from the No. 1 transformer rectifier (RECT) to
No. 1 DC bus and the No. 2 RECT supplies power to the
No. 2 DC bus (fig. FO-4 and FO-7).RECT convert 200
VAC power to 28-volt DC power for use in the DC distribu-
tion system.

Cooling air for the RECTS is obtained from within the
cabin.The air inlets are located at sta. 176 on the left and
right side of the cabin behind the troop seats.If the inlets
are blocked, the RECTS will overheat.

A bus-tie relay is between No. 1 and No. 2 DC buses.If
either RECT fails, the respective RECT failure relay op-
erates and the bus-tie relay closes automatically to con-
nect the unpowered bus to operating RECT.In addition to
No. 1 and No. 2 DC buses, the DC system includes an
essential bus, a switched battery bus, and a hot battery
bus.

During normal operation, the essential bus and the
switched battery bus are energized by No. 1 DC bus.If
both DC buses fail or if NO. 1 DC bus fails and does not
bus-tie to No. 2 DC bus, the essential bus, the switched
battery bus, and the hot battery bus will be energized by
the battery as long as the BATT switch is ON.These
buses provide power to emergency, ground mainte-
nance, and communications components.The hot bat-
tery bus and switched battery bus are energized as long
as the battery is connected.The hydraulic reservoir level
indicators and the emergency APU control circuits and
cabin and maintenance lights are on these buses.

The 24-volt nickle cadmium battery is located in the left
forward electrical compartment.The battery capacity is
11 ampere-hours.A battery charger is connected to the
battery.The battery charger receives power from No. 1
AC bus, rectifies the AC and applies the DC to the battery
to maintain a charge on the battery.

Sensors in the battery charger detect battery or battery
charger overtemperature, short or open circuits or cell
imbalance.If any of these conditions occur, the battery
charger will stop functioning and activates the BATT SYS
MAL caution capsule on the master caution panel.

External DC power is supplied to the DC buses of the
helicopter by connecting the external DC power source
to the DC external power receptaclé (fig. 2-1111).Applica-
tion of external power operates the DC external power
relay which connects the power source to No. 1 DC
bus.No. 2 bus is energized when the bus tie relay opera-
tes.If the polarity of the external power is reversed, a
blocking diode in the circuit prevents the external power
relay from closing.



2-11-7. BATT Switch.
NOTE

The following information applies only if the
battery is the only source of power.

The BATT (battery) switch is located on the ELEC panel
of the overhead switch panel[(fig. 2-1132).The two-posi-
tion switch is labeled ON and OFF.When the switch is
ON, the essential, switched battery, and hot battery
buses are energized.Regardless of the battery switch
position, the switched battery and hot battery buses are
powered directly by the battery.To prevent extensive dis-
charging of the battery while making extended ground
checks of equipment, use an external electrical power
source or operate the APU generator.

2-11-8. RECT OFF Cautions.

Two RECT caution capsules labeled IF¥INO. 1 RECT
OFF and NO. 2 RECT OFF, RECT 1 and RECT
2 are on the master caution/advisory panel (i@E¥lfig.]
[2-14-5] N [fio. 2-14-6)l These caution capsules are
controlled by the reverse-current cutouts.Whenever one
of the RECTS fall, either through a fault in the RECT or
a bus fault, the respective caution illuminates.Power to
operate the transformer rectifier caution capsules is sup-
plied by the DC essential bus through the LIGHTING
CAUTION PNL circuit breaker on the No. 1 PDP.
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2-11-9. BATT SYS MAL Caution.

A battery system malfunction caution capsule labeled
BATT SYS MAL is on the master caution panel
and 2-14-6).this caution illuminates when the bat-
tery charger has stopped charging the battery.This can
be caused by an overheated battery or battery charger,
battery cell imbalance, or an output short or open cir-
cuit.Power to operate the capsule is supplied by the DC
essential bus through the LIGHTING CAUTION PNL cir-
cuit breaker on the No. 1 PDP.

2-11-3/(2-11-4 blank)
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SECTION XIl. AUXILIARY POWER UNIT

2-12-1. General.

The gas turbine auxiliary power unit T62-T-2B (APU)
[2-12-7) is mounted in the aft cabin above the ramp. The
basic components of the APU are the gas turbine engine,
hydraulic motor-pump, fuel control, accessory drive, and
AC generator. An APU Electronic Sequencing Unit
(ESU) which monitors APU operation is on the left side
of the cabin above the ramp. the ESU is also labeled APU
CONTROL BOX.

The motor-pump on the APU pressurizes the utility and
hydraulic system for main engine starting and ground
checks. The APU also drives an AC generator which
supplies power to the No. 1 and No. 2 electrical systems.
Refer to Section VI for further information on the hydrau-
lic systems. The APU oil supply is intergal and contained
within the sump of the accessory drive assembly. The
APU receives fuel from the left main fuel tank through a
booster pump, a manual fuel shutoff valve, and a sole-
noid valve.

2-12-2. Electronic Sequencing Unit.

The ESU is mounted on the left side of the cabin above
the ramp. The unit monitors APU starting and operation.
in addition, it monitors APU speed and exhaust gas tem-
perature. the unit continuously compares these parame-
ters with limits programmed into ESU circuits. If a limit is
exceeded, the ESU will automatically shut down the
APU.

NOTE

The BITE indicators indicate engine condition
only. They will notindicate a defective hydrau-
lic motor-pump or generator.

Four magnetic built-in-test-equipment (BITE) indicators
are on the ESU. These indicators are either black or
white. A label on the ESU explains the various BITE
indications and their meaning.

2-12-3. APU Switch.

The APU switch is on the ELEC panel of the overhead
switch panel [fig. 2-11-2). It is a three-position switch
labeled OFF, RUN, and START. The switch is spring
loaded from START to RUN. Normally, power to operate
the APU is supplied by the DC essential bus through the
APU CONT NORM circuit breaker on the No. 1 PDP.
Emergency power to operate the APU is from the battery
bus through the APU CONT EMERG circuit breaker on
the No. 1 PDP.

2-12-4. APU ON Caution.

The APU ON caution capsule is on the mater caution
panel and 2-14-6). Normally, the APU is in-
tended for ground operation only. It is not intended for
operation during flight. If the caution remains illuminated
following take-off, it alerts the pilot to shut down the APU.
When the caution is illuminated it indicates the APU is up
to speed and the exhaust gas temperature is normal. It
does not necessarily indicate that APU hydraulic pump
or generator output is normal. If rotors are not turning,
check the UTIL HYD SYS and RECT OFF cautions to
evaluate output of the APU hydraulic pump and genera-
tor. The APU ON caution is controlled by the ESU.

2-12-5. Emergency APU Fluid Shut Off Vavle.

The EMERGENCY APU FLUID SHUT OFF VALVE is in
the fuel supply line to the APU (fig. 2-12-1). It is located
inside the aft cabin above and to the left of the ramp
interphone station. The valve can also be reached from
the outside through an access door labeled ACCESS
APU EMER FLUID SHUT OFF. The knob on the valve
has an OPEN and CLOSE position. Placing the knob to
CLOSE shuts off fuel to the APU.

EMEEGENCY APU
FLUID SHUT OFF
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Figure 2-12-1. Emergency APU Fluid Shut OFF
Valve
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Figure 2-12-2. Auxiliary Power Unit
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SECTION XIIl.

2-13-1. Position Lights.

Three position lights (1, 4, and 6, fig. 2-13-T) are installed
on the helicopter. On the right side of the fuselage is a
green light (1); on the left, red (6); and on the vertical
panel of the aft pylon, white (4). Power to operate the
position lights is supplied by the No. 2 DC bus through the
LIGHTING POS circuit breaker on the No. 2 PDP.

2-13-2. Position Light Switches.

a. POSN Light Switch. The POSN (position)
switches located on the EXT LTG (exterior lighting) panel
on the left side of the overhead switch panel
The three position switch is labeled DIM, OFF, and BRT
It adjusts the intensity of the position I|ghts When the
switch is OFF, the position light system is deenergized.

T™ 1-1520-240-10

LIGHTING

NOTE

The crew chief must inform the pilot when the
AFT POS LIGHT switch has been changed to
the OFF position.

b. AFT POS LIGHT Switch. The AFT POS LIGHT
switch is located in the cabin at sta. 534 near the MAIN-
TENANCE PANEL [(fig. 2-13-4). The guarded two-posi-
tion switch is labeled OFF and ON. It allows the aft posi-
tion light to be turned off during aided (NVG) operations
and on during unaided night operations.

2-13-3. Formation Lights.

There are five electroluminescent panels for normal
night formation operations (2 and 5,[fig. 2-13-1) and eight
NVG compatible formation lights for NVG formation op-

erations (9,[fig. 2-13-1)

A94648

Figure 2-13-1. Exterior Lights
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a. Electroluminescent Panel. Three panels which
form an equilateral triangle are aft of the forward pylon.
Two panels are on top of the aft pylon aft of the anticolli-
sion light. Power to operate and control the electrolumi-
nescent formation lights is supplied by the LIGHTING
FORM circuit breaker on the No. 1 PDP.

b. NVG Formation Lights. There is an NVG forma-
tion light on each side of the forward pylon, two NVG
formation lights on each side of the fuselage, two NVG
formation lights on the aft pylon, one aft of the anticolli-
sion light, and one on the vertical panel at the rear of the
aft pylon. Power to operate and control the NVG forma-
tion lights is supplied by the No. 1 DC bus through the
LIGHTING NVG FORM circuit breaker on the No. 1 PDP.

2-13-4. FORM Light Switches.

The FORM (formation) light select and control switches
are located on the EXT LTG panel on the left side of the

overhead switch panel [fig_2-1-10).

a. FORM Light Select Switch. Atwo-positiontoggle
switch labeled NVG and NORM. In the NORM position,
the five electroluminescent panels may be controlled by
the FORM light rotary control switch for normal night
formation operations. In the NVG position, the eight NVG
formation lights may be controlled by the FORM light
rotary control switch for the NVG night formation opera-
tion.

b. FORM Light Control Switch. A rotary control
switch labeled OFF, DIM, and BRT with three evenly
spaced incremental markings between DIM and BRT. It
adjusts the intensity of the formation lights selected by
the FORM light select switch. When the rotary control
switch is OFF, the formation light system is deenergized.

2-13-5. Anticollision Lights.

Two red strobe anticollision lights are on the helicopter (3
and 7,[fig. 2-13-7)). One is on top of the aft pylon and the
other is on the fuselage underside. Power to operate the
anticollision lights is supplied by the No. 2 DC bus
through the LIGHTING ANTI COL TOP and BOT circuit
breakers on the No. 2 PDP.

2-13-6. ANTI COL Light Switches.

Two ANTI COL TOP and BOT toggle switches are on the
EXT LTG panel on the left side of the overhead switch
panel [fig. 2-1-10). Each two-position switch is labeled
OFF and ON. When the anticollision light switch is ON,
the lights are energized. When the switch is placed to
OFF, the anticollision lights are deenergized.

Two controllable searchlights are mounted on the bottom of
the fuselage (8[fig. 2-13-1l). One is controlled from the pilot
THRUST CONT lever and the other from the copilot
THRUST CONT lever. One seachlight, either pilot or copilot
is equipped with an infrared (IR) filter for NVG operations.

Each light is operated independently by a SRCHLT
CONTR switch, SLT-FIL (searchlight filament), and posi-
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tion switch. They may be extended and stopped at any
angle upto 90° in a vertical plane and rotated 360° about
its vertical axis as long as the searchlight position switch
is displaced.

2-13-7. SRCHLT CONTR Switch.

Two SRCHLT CONTR (searchlight control) switches are
on the overhead switch panel [(fig. 2-13-2). The PLT
SRCHLT CONTR switch is on the PLT LTG panel. The
CPLT SRCHLT CONTR switch is on the CPLT LTG pan-
el. each two-position switch is labeled RET and ON.

When the SRCHLT CONTR switch is placed to ON, the
STL-FIL switch on the THRUST CONTR lever becomes
operational. If the searchlight is at any angle off center
when the SRCHLT CONTR switch is placed to RET, the
searchlight will automatically rotate to point forward and
then will retract flush with the fuselage. Power is supplied
by the No. 1 and No. 2 DC bus through the LIGHTING SLT
CONT circuit breakers on the No.1 and No. 2 PDP.

2-13-8. SLT-FIL Switch.

CAUTION

The IR searchlight emits invisible infrared
rays which may be hazardous to person-
nel looking directly at the light at close
range or touching it. Ensure that the IR
SLT-FIL switch is OFF and the light fully
retracted when it is not in use.

A SLT-FIL (searchlight filament) switch is located on the pilot
and copilot THRUST CONT lever switch bracket[(fig. 2-5-11)
Each switch is labeled ON and OFF. The switches turn on
the landing-searchlight lamp, before or after extension. Pow-
er to operate the landing searchlight lamp is supplied by the
No. 1 and No. 2 DC hus through the LIGHTING SLT FIL
circuit breakers on the No. 1 and No. 2 PDP.

2-13-9. SEARCH LIGHT Position Switch.

CAUTION

Do not confuse the SEARCH LIGHT posi-
tion switch with the two engines beep trim
switches.

A five-position momentary SEARCH LIGHT switch is on
each THRUST CONTR. lever switch brackef (fig. 2-5-1). It
is labeled L (left), EXTEND, R (right), and RETRACT. The
switch is spring-loaded to center off position.

When the SRCHLT CONTR and SLT-FIL switches are ON,
the searchlight can be controlled up and down or left and
right with the SEARCH LIGHT position switch. Power to
operate the searchlight position switch is supplied by the No.
1 and No. 2 DC bus through the LIGHTING SLT CONT
circuit breaker on the No. 1 and No. 2 PDP.



2-13-10. Overhead Switch Panel Lights.

The overhead switch panel has integral lighting. Power to
operate and control the overhead panel lights is supplied by
the No. 1 AC bus through the LIGHTING OVHD PNL
circuit breaker on the No. 1 PDP.

2-13-11. OVHD CSL Switch.

The OVHD CSL (overhead console) switch is located on
tehe CPLT LTG panel on the left side of the overhead
switch [fig.2-13-2). The rotary control switch is labeled
OFF, DIM, and BRT. It adjusts the light level from DIM to
BRT. When the rotary control switch is OFF, the overhead
switch panel light system is deenergized.
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2-13-12. Pilot and Copilot Instrument Panel Lights.

All flight instruments and placards on both pilot and copi-
lot instrument panels receive lighting. The HSI, attitude
indicator (VGI), radar altimeter, and turn and slip indica-
tor for both pilot and copilot have integral lighting. The
remaining instruments are externally lit by lighting posts
adjacent to the instruments. Power to operate and con-
trol the pilot flight instrument lights is supplied by the No.
2 AC bus through the LIGHTING PILOT INSTR circuit
breaker on the No. 2 PDP. Power to operate and control
the copilot flight instrument lights is supplied by the No.
1 AC bus through the LIGHTING COPLT INST circuit
breaker on the No. 1 PDP.

2-13-3
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2-13-13. PLT and CPLT INST Switches.

The PLT INST (pilot instrument) control switch is located
on the PLT LTG panel on the right side of the overhead
switch panel [fig. 2-13-J). The CPLT INST (copilot instru-
ment ) control switch is located on the CPLT INST panel
on the left side of the overhead switch panel. The rotary
control switches are labeled OFF, DIM, and BRT. They
adjust the light level from DIM to BRT. When the rotary
control switch is OFF, the respective instrument panel
light system is deenergized.

When the PLT INST rotary control switch is placed out of
the OFF detent, the following lighting is dimmed:

a. Troopwarning jump lights on the overhead switch
panel and on the emergency troop alarm and jump lights
boxes on the cargo compartment.

b. The legend on pushbutton switches on the head-
ing and altitude section of the AFCS panel.

c. The legend on the pushbutton switches on the
pilot and copilot HSI MODE SELECT panels.

d. Thelegendon STATUS pushbutton switch on the
countermeasure set AN/ALQ-156 control panel.

2-13-14. Center Instrument Panel Lights.

The center instrument panel as well as the fire warning
panel are lighted. Power to operate and control the cen-
terinstrument panel lights is supplied by the No. 2 AC bus
through the LIGHTING CTR INSTR circuit breaker on the
No. 2 PDP.

2-13-15. CTR INST Switch.

The CTR INST control switch is located on the PLT LTG
panel on the right side of the overhead switch panel
[2-13-2). The rotary control switch is labeled OFF, DIM,
and BRT. It adjusts the light level from DIM to BRT. When
the rotary control switch is OFF, the respective instru-
ment panel light system is deenergized.

2-13-16. Canted and Center Console Lights.
NOTE

Some console lights are incompatible with
NVG. During NVG operations, turn the incom-
patiable console lights off and light the con-
sole with utility lights or floodlights.

Lighting is provided for all control panels on the canted
and center console. Power to operate and control the
console lights is supplied by the No. 1 AC bus through the
LIGHTING CONSOLE circuit breaker on the No. 1 PDP.

2-13-17. LTG Panel. The LTG panel is located at the
rear of the overhead switch panel [fig. 2-13-2). It consists
of the CTR CSL and STICK POSN IND control switches.

a. CTR CSL Switch. Rotary control switch labeled
OFF, DIM, and BRT. It adjusts the light level on the canted
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and center consoles from DIM to BRT. When the rotary
control switch is OFF, the canted and center consoles
light system is deenergized.

b. Stick POSN IND Switch. Rotary control switch
labeled OFF, DIM, and BRT. It adjusts the light level on
the stick position indicator from DIM to BRT. When the
rotary control switch is OFF, the stick position indicator
light system is deenergized.

2-13-18. Dome Lights.

WARNINGI

If the white dome light is turned on during
NVG operations, the effectiveness of the
NVG may be severely impaired and a haz-
ardous situation may be created due to
sudden loss of pilot visual references. Do
not turn on the white dome lights during
NVG operations.

Two cockpit dome lights are attached to the overhead
structure adjacent to the overhead switch panel
[2-13-2). Each dome contains a white lamp and a blue
NVG filtered lamp which can be selected individually.
Power to operate and control the dome lights is supplied
by the DC essential bus through the LIGHTING COCK-
PIT DOME circuit breaker on the No. 2 PDP.

2-13-19. DOME Switch.

The DOME switch is located on the INTR LTG panel at
the right rear of the overhead switch panel m
The three-position positive-locking switch is labeled
WHT, OFF, and NVG. It selects the function of the dome
light. The center position lever locking switch prevents
inadvertent white light activation during NVG operations.

When the DOME switch is placed to WHT, the master
caution panel cannot be dimmed. If WHT is selected
while the caution panel is operating on DIM, the caution
lights will automatically switch to BRT mode. During NVG
operations, the DOME switch should only be placed to
NVG.

2-13-20. Pilot and Copilot Utility Lights.

Two utility lights, connected to individual flexible cords, are
mounted in two retaining sockets on either side of the over-
head switch panel above the pilot and copilot [(fig. 2-13-2).
The lights are detachable and can be moved about to take
care of special lighting situations. Each utility light has a
rheostat switch as an integral part of its assembly. This
switch, located on the aft part of the light, regulates the
intensity of the light from OFF to BRT. Power to operate the
utility light is supplied by the No. 2 DC bus through the
LIGHTING COCKPIT DOME circuit breaker on the No. 2
PDP.

2-13-21. Floodlights.

Eight floodlights provide a secondary source of light [(fig.]
| 2-13-7). Six are under the glareshield and two on the cockpit
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bulkhead. The six floodlights under the glareshield light the
pilot, center, and copilot instrument panel. The two overhead
floodlights light the overhead switch panel. Power to operate
and control the floodlights is supplied by the DC essential
bus through the LIGHTING INSTR FLOOD circuit breaker
on the No. 2 PDP.

2-13-22. FLOOD SWITCHES.

The FLOOD switches are located on the INTR LTG panel
at the right rear of the overhead switch panel [fig—2-13-2).
They consist of two floodlight selection switches and a rotary
control switch. The floodlight selection switches are labeled
INST and OVHD. Each switch has an OFF and ON position.
The rotary control switch is labeled OFF, DIM, and BRT.

a. INST and OVHD Floodlights Selection
Switches. Each switch is labeled for the area the floodlights
will light. By placing either switch ON, the associated flood-
lights will light when the rotary control switch is turned toward
BRT. Placing the switch to OFF deenergizes the floodlight
circuit.

b. Floodlight Rotary Control Switch. The rotary con-
trol switch is used to adjust the floodlights from DIM to BRT
once the respective floodlight selection switch is placed to
ON. When the rotary control switch is OFF, the floodlights
will be deenergized.

2-13-23. Emergency Floodlights.

If the pilot flight instrument lights have been turned on, loss
of electrical power will cause the floodlights to automatically
come on. All floodlights will function automatically in the BRT
mode. Simultaneous dimming control of all floodlights can
be regained by setting the FLOOD INST and OVHD selec-
tion switches to ON, turning the floodlight rotary control
switch to BRT on the INTR LTG panel, and turning the PLT
INST rotary control switch to OFF. Floodlight intensity can be
controlled by the floodlight rotary control switch on the INTR
LTG panel.

2-13-24. Cabin and Ramp Lights.

Five cabin and ramp lights are in the cabin, attached to the
overhead structure Each light contains an NVG
blue lamp and a white lamp which can be selected individu-
ally. Power to operate and control the cabin and ramp lights

is supplied by the switched battery bus through the LIGHT-
ING CABIN & RAMP circuit breaker on the No. 1 PDP.

2-13-6

2-13-25. CABIN AND RAMP LIGHTS Switches.

WARNINGI

If the white CABIN and RAMP LIGHTS are
turned on during NVG operations, the ef-
fectiveness of the NVG may be severely
impaired and a hazardous situation may
be created due to sudden loss of pilot
visual references.

The CABIN and RAMP LIGHTS switches are located on a
control panel below the ramp control lever. The control panel
consists of a select switch and a CONTROL rotary switch.

a. Select Switch. Three-position toggle switch la-
beled WHITE, OFF, and NVG. It is used to select the ap-
propriate cabin and ramp lights. When placed to OFF, cabin
and ramp lights are deenergized.

b. CONTROL Switch. Rotary switch labeled DIM
and BRT. It adjusts the cabin and ramp White or NVG light
level from DIM to BRT.

2-13-26. Emergency Exit Lighting.

Three emergency exit lights are in the cargo compartment
close to each of the three primary emergency exits [(fig]
[2-13-3). They are located by the main cabin door, the emer-
gency exit opposite the main cabin door, and the ramp
emergency exit. The lights come on whenever a loss of
power on the switched battery bus occurs or during a land-
ing when 3 to 4g’s are exceeded as sensed by an inertia
switch.

The emergency exit lights system is controlled by the EMER
EXIT switch on the INTR LTG panel of the overhead switch
panel. The lights may also be used as portable lamps by
removing them from their housing and by rotating the han-
dle, marked PULL EMERGENCY LIGHT, 45° from its nor-
mal position. Power to operate the emergency exit lights is
supplied by two internal, 1.25 volt, nickel-cadmium batteries.
Power to operate and control the charging, monitoring, and
test circuit is supplied by the switched battery bus through
the LIGHTING EMER EXIT circuit breaker on the No.1 PDP.

2-13-27. EMER EXIT Switch.

CAUTION

If the EMER EXIT switch is left in ARM or
DISARMwith the helicopter shutdown and
the battery connected, the charging cir-
cuitofthe emergency exit light system will
discharge the helicopter battery.

Prior to turning the BATT switch OFF, place the EMERG
EXIT switch to DISARM then set to TEST. The EMER EXIT
switch is located on the INTR LTG panel of the overhead
switch panel [fig__2-13-2). The three-position switch is
labeled DISARM, TEST, and ARM. When the switch is
placed to ARM, the emergency exit lights stay off, the
batteries are charging, and the charge indicator lights come




on. The circuit monitors electrical failures and landings in
excess of 3 to 4g’s. The light from the charge indicator
lamps can be seen emitting through two pin holes at the
base of the main light reflector. When the switch is set
from ARM to TEST, the main light comes on, powered by
the batteries. When the switch is set to DISARM, the
indications are the same as for the ARM position, except
the circuit does not monitor electrical or failures hard
landing.
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2-13-28. Forward Transmission Oil Level Check
Lights.

The forward transmission floodlight provides light to
check the oil level of the transmission. The floodlight is
near the sight gage on the transmission. Power to oper-
ate and control the oil level check light is supplied by the
switched battery bus through the LIGHTING OIL LEVEL
CHECK circuit breaker on the No. 1 PDP.

2-13-29. Oil Level Check Light Switch.

The OIL LEVEL CHECK LT SW is inside the cockpit on
the canted bulkhead at sta. 95 above the pilot seat. it is
a two-position switch labeled ON and OFF. When placed
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to ON, the oil check light turns on by the forward trans-
mission.

2-13-30. Cargo Hook Lights.

Three NVG compatible lights are mounted on the bottom
of the fuselage at stations 244, 313, and 404. These
lights are directed towards the forward, center, and aft
cargo hooks and provide lighting during night external
load operations. The lights are controlled by the cargo
hook lighting panel switches marked FWD, CTR, and
AFT located in the center hook cargo by at station 360
(fig.2-13-4). The two position switches (ON and OFF)
receive power from the NO. 1 DC bus through the LIGHT-
ING CARGO HOOK circuit breaker located on the NO. 1
power distribution panel.

2-13-9/(2-13-10 blank)
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SECTION XIV. FLIGHT INSTRUMENTS

2-14-1. General.

The following paragraphs contain information on the
flight instruments. Information on the navigation instru-
ments will be found in Avionics. All other in-
struments directly related to one of the helicopter sys-
tems are found under the appropriate system heading in
this chapter. Refer toffig. 2-1-5lthru 2-1-14 forillustrations
of the instrument panels, canted and center consoles,
and overhead switch panel.

2-14-2. Cruise Guide indicator System.

The cruise guide indicator (CGI) system gives the pilot a
visual indication of actual loads imposed on critical com-
ponents of the helicopter dynamic system. The system
allows the pilot to achieve maximum helicopter utilization
under various conditions of payload, altitude, airspeed,
ambient temperature, and center-of-gravity. The system
consists of strain gages bonded to fixed links in the for-
ward and aft rotor controls, an indicator, a signal proces-
sor unit in the aft pylon, a signal conditioner unit in the
forward pylon, and interconnecting wiring. The system
measures alternating stress loads at each rotor and dis-
plays the larger of the two signals. Power to operate the
cruise guide indicator systemis supplied by No. 2 DC bus
through the CRUISE GUIDE circuit breaker on the No. 2
PDP.

2-14-3. CRUISE GUIDE Indicator.
The CRUISE GUIDE indicator is on the pilot instrument

panel[(fig. 2-14-1)] Three bands are colored green, yel-
low, and striped red-and-yellow. Refer tomﬁfor
limitations. Immediate corrective action must be taken to
reduce stress when in the red-and-yellow striped band.
This can be accomplished by lowering THRUST CONT
lever, reducing airspeed, releasing back pressure on the
cyclic stick, or by reducing the severity of the maneuver.

2-14-4. CGI TEST Switch.

The CGI TEST switch is on the pilot instrument panel, on
the left side of the indicator. Itis athree-posi-
tion switch spring loaded to center off position labeled
FWD and AFT.

NOTE

Do nottestthe cruise guide system with rotors
turning. False indications will result.

When the switch is placed from the center position to
each test position, the pointer on the indicator should
indicate within the white test band. The white test band
indicates proper system operation.

When the test function is activated, circuits from the
strain gages to the indicator are tested. However, sepa-
ration of the bond of the strain gage to a link will not be
detected by the test function. The narrow white line to-

wards the high end of the striped red-and-yellow band is
used for calibrating the indicator during bench test.

CRUISE

CRUISE GUIDE INDICATOR

Normal Operation, Green
[1  Transient, Yellow
FZZd  Avoid, Red/Yeliow

B Test

Figure 2-14-1. Cruise Guide Indicator

2-14-5. Airspeed Indicator.

There are two airspeed indicators located on the upper
left portion of the copilot and pilot instrument panel [fig.
and 2-1-9). The difference between dynamic pres-
sure and static pressure as measured by the pitot static
system is introduced into these instruments. Indicated
airspeed is shown in knots.

2-14-6. Altimeter.

An AIMS altimeter is provided for the pilot (fig. 2-14-2).
In the term AIMS, the A stands for Air Traffic Control
Radar Beacon System (ATCRBS), the | stands for identi-
fication friend or foe (IFF), the M represents the Mark XI|
identification system, and the S means system. A pneu-
matic counter-drum-pointer type altimeter is installed for
the copilot. The pilots altimeter is a pneumatic counter-
drum-pointer type which is a self-contained unit consist-
ing of a precision pressure altimeter combined with an
altitude encoder.

Simultaneously, the display indicates and the encoder
transmits through the transponder the altitude of the heli-
copter. Altitude is displayed on the altimeter by a
10,000-foot counter, and a 100-foot drum. A single point-
er indicates hundreds of feet on a circular scale with
50-foot center markings. Below 10,000 feet a diagonal

Change 3 2-14-1
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warning symbol will appear on the 10,000 foot counter.
Power to operate the AIMS altimeter is supplied by the
No. 2 DC bus through the NAV AIMS ALT circuit breaker
on the No. 2 PDP.

A barometric pressure setting knob is provided to insert
the desired altimeter setting in inches of Hg. A vibrator
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Figure 2-14-2. AIMS Altimeter

powered by No. 2 DC bus is contained in the altimeter
and requires a minimum of 1 minute warmup before
checking or setting the altimeter. If DC power to the alti-
tude encoder is lost, a warning flag placarded CODE
OFF appears in the upper left instrument dial.

The flag indicates that the altitude encoder is inoperative
and that the system is not reporting altitude to ground
stations. The CODE OFF flag monitors only the encoder
function of the altimeter. It does not indicate transponder
condition. The AIMS altitude reporting function can be
inoperative without the CODE OFF flag showing, as in
case of transponder failure or improper control settings.
It is also possible to get a good Mode C test on the
transponder control with the CODE OFF flag showing.
Display of the CODE OFF flag only indicates an encoder
power failure or a CODE OFF flag failure. In this event,
check that DC power is available and the circuit breakers
are in. If the flag is still visible, radio contact should be
made with a ground radar site to determine whether the
AIMS altitude reporting function is operative. The re-
mainder of the flight should be conducted accordingly.

2-14-7. Preflight Operation — Altimeter.

If the AIMS altimeter encoding function is to be used
during flight, perform the following steps before takeoff:

2-14-2 Change 3

CAUTION

If the baroset knob binds or sticks, do not
use excessive force to set the altimeter.
Excessive force can damage altimeter
gears, resulting in altimeter error. Settings
can sometimes be made by backing off the
knob and turning at a slower rate.

a. Set the pilot’s altimeter to the field barometric
setting.

b. Check that the pilot’s altimeter indicates within +
70 feet of field elevation. If the altimeter error is greater
than + 70 feet, do not use the altimeter for IFR flight.

2-14-8. In Flight Operation — Altimeter.
Operate the AIMS altimeter function as follows:

a. Be sure the IFF set is on and set to the proper
code.

b. Be sure the altimeter is set to the local altimeter
setting.

c. Setthe M-C (mode c) switch on the IFF control
panel to ON.

d. Check that the red CODE OFF flag is not visible
in the pilot’s altimeter.

The copilot's altimeter is a pneumatic counter-drum-
pointer type which displays altitude in the same manner
as the pilot’s altimeter. It also incorporates a barometric
pressure setting knob and an internal vibrator powered
by the No. 2 DC bus. A minimum of 1 minute of vibrator
operationis require before setting or checking the altime-
ter.

Atambient pressure, both altimeters should agree within
+70feet of the field elevation when the proper barometric
pressure setting is set in the altimeter. If the internal
vibrator of either altimeter becomes inoperative due to
DC power failure, the pointer drum may momentarily
hang up when passing from 9 through 0 (climbing) or
from 0 to 9 (descending). This will cause a lag of magni-
tude which will depend on the vertical velocity of the
aircraft and the friction in the altimeter.

2-14-9. Radar Altimeter (AN/APN-209A).

Radar altimeters are provided for the pilot and copilot and
filght engineer The altimeters provide a con-
tinuous indication of the height of the helicopter above
the surface from 0 to 1,500 feet. Altimeter indications are

reliable with pitch and roll attitude up to 45°.

Altitude is displayed by a dial, pointer, and a digital dis-
play. Each altimeter has HI and LO caution lights. The
caution lights on each altimeter can be setindependently
of the other altimeter. The caution lights are set by rotat-
ing the LO SET and HI SET knobs until the L index and
H index on the perimeter of the altimeter are at the de-
sired altitudes.



When the helicopter descends below the low index set-
ting or rises above the highindex setting, the correspond-
ing HI or LO caution light will illuminate. If helicopter
altitude exceeds 1,500 feet, pitch or roll angle exceeds
45°, or the system is unreliable, the following will occur.
The OFF flag will appear, the pointer will move through
1,500 feet behind the dial mask, and the digital display
and LO and HI caution lights will extinguish.

If power to the system is lost, the following will occur. The
OFF flag will appear, the digital display and caution lights

HI CAUTION LIGHT

HI SET INDEX
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will go out, and the pointer will remain at the last valid
indication when power was lost. The altimeters have a
self-test feature. Pressing the PUSH-TO-TEST knob will
cause the pointer and digital display to indicate between
900 and1,100 feet. If LO set and HI set are indexed
below 900 feet, the LO caution light goes out, and the HI
caution light comes on. Power to operate the radar altim-
eter is supplied by the No. 2 DC bus through the NAV
RAD ALT circuit breaker on the No. 2 PDP.

LO SET INDEX— |

LO CAUTION LIGHT —{

DIGITAL DISPLAY

HI SET KNOB
|

LO SET KNOB

Figure 2-14-3. Radar Altimeter (AN/APN-209)

2-14-10. Controls and Functions, Radar Altimeter
(AN/ APN-209A).

CONTROLS/
INDICATOR

LO SET knob

FUNCTION

Either pilot's LO SET knob
applies power to altimeter
system. LO set index on
both altimeters can be set
independently. Both LO set
indices must be masked to
turn the set off.

HI SET knob Sets position of HI set index
and tests altimeter system

when pressed.

0145-%52-10
CONTROLS/
INDICATOR FUNCTION
LO set index Indicates altitude trip point
for LO caution light.
HI set index Indicates altitude trip point

for HI caution light.

Indicates absolute altitude
from 0 to 1,500 feet.

Provides direct reading four
digit indication of absolute
altitude from 0 to 1,500.

Comes on when helicopter
descends below altitude on
LO set index.

Indicator pointer

Digital indicator

LO caution light

2-14-3
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CONTROLS/

INDICATOR FUNCTION

HI caution light Light comes on when heli-
copter rises above altitude

on Hl set index.

OFF flag Flag is displayed when pow-
er is removed from set,
when indications are unreli-
able, or when altitude ex-
ceeds approximately 1,500

feet.

RAD ALT dimming
controls

On right side of both instru-
ment panels. Controls light
intensity of digital display
and HI and LO caution light.

2-14-11. Normal Operation - Radar Altimeter (AN/
APN-209A).

a. Starting.

(1) Rotate the LO SET knob on the altimeter
until LO index is at 100 feet. Rotate the HI set knob until
the HI index at at 800 feet. Allow 1 minute for warmup.

(2) Check for the following indications:

(@) The pointer indicate between -5 and 5
feet.

(b) The digital displays indicate between 0O
and 3 feet.

(c) LO caution light is on.

(d) HI caution light is off.

(e) OFF flag not in view.
b. Testing.

(1) Press and hold the PUSH-TO-TEST knob.
Check for the following indications:

(a) OFF flags not in view.

(b) Pointers indicate between 900 feet and
1,100

(c) Digital displays between 900 feet and
1,100 feet.

(d) LO caution light is off.
(e) Hl caution light is on.

(2) Release the PUSH-TO-TEST knob. Check
that all indications return to those specified in step a.(2).

NOTE

The LO caution light may appear to go out.
However, the light will be visible with night
vision goggles. In bright daylight, it may be
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necessary to shade the indicator to verify op-
eration of the dimming control.

(3) Rotate the RAD ALT dimming control from
BRT to DIM. Check that the digital display dims and goes
out. Check that the LO caution light dims but does not go
out completely.

c. Inflight operation.

CAUTION

When operating over dense foliage, the
radar altimeters will indicate the altitude to
the tops of the trees. When operating over
sparsefoliage, the altimeters may indicate
the altitude between the ground and about
halfthe average tree height, depending on
ground speed. When external cargo is car-
ried, the radar altimeter may occasionally
indicate the distance between the bottom
of the helicopter and the load.

(1) Setthe RAD ALT dimming control to desired
digital display light level.

(2) SetHlandLOindexesasdesired.IfHlorLO
indexes are not desired, set the LO index at O feet or the
HI index above 1,500 feet.

2-14-12. RADAR ALTIMETER (AN/APN-209(V)) Alti-
tude Voice Warning System (AVWS).

The face of the altitude voice warning radar altimeter
(RT-1115F/APN-209) is exactly the same as that of the
visual only AN/APN-209A radar altimeter, with the opera-
tion being the same as outlined in paragraph 2-14-9|. The
difference is only internal. A transmitter added internally
sends out an aural warning to the pilot, copilot, and flight
engineer interphone station ICS panels when the heli-
copter descends below the low index setting or rises
above the high index setting (in addition to the LO or HI
caution lights).

NOTE

The voice portion of the system works off a 10
second clock. If a transition is made thru ei-
ther Preset, back to the original warning con-
dition within this time frame, the voice warn-
ing will stay at its original volume level.

On initial transition the volume is always set to Full. By
momentarily pressing the PUSH-TO-TEST (PTT) knob
once, the message is decreased to 1/2 volume. Momen-
tarily pressing the PTT knob a second time disables the
aural warning message. Regardless of the volume level,
when the aircraft transitions back through either Preset
(HI or LO) (from caution light OFF to ON), the volume
level of the aural warning message will return to Full.



2-14-13. Controls and Function, Radar Altime-
ter(AN/APN-209(V)) (AVWS).

CONTROLS/

INDICATOR FUNCTION

LO SET knob The LO Set knob applies
power to altimeter system. LO
set index on both pilot's altim-
eters can be set independent-
ly. Both LO set indexes must

be masked to turn the set off.

HI SET knob Sets position of HI set index
when turned. Adjusts the
warning message volume lev-
el and tests altimeter system

when pressed.

LO set index Indicates altitude trip point for

LO caution light.

HI set index Indicates altitude trip point for

HI caution light.

Indicates absolute altitude
from 0 to 1,500 feet.

Provides direct reading four
digit indication of absolute alti-
tude from O to 1,500 feet.

Comes on when helicopter
descends below altitude on
LO set index.

Light comes on when helicop-
ter rises above altitude on Hi
set Index.

Indicator pointer

Digital indicator

LO caution light

HI caution light

OFF flag Flag is displayed when power
is removed from set, when in-
dications are unreliable, or
when altitude exceeds

approximately 1,500 feet.

On right side of both instru-
ment panels. Controls light in-
tensity of digital display and Hl
and LO caution light.

RAD ALT dimming
controls

2-14-14. Normal Operation - Radar Altimeter(AN/
APN-209(V)) (AVWS).

a. Starting.

NOTE

Connect monitor headset to the aircraft ICS.

(1) Rotate the LO SET knob on the altimeter
until the LO index is at 100 feet. Rotate the HI set knob
until HI index is at 800 feet. Allow 1 minute for warmup.

(2) Check for the following indications:
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(@) The pointers indicate between -5 and 5
feet.

(b) The digital displays indicate between 0
and 3 feet.

(c) LO caution light is on.

(d) Low altitude warning ("ALTITUDE LOW,
TOO LOW?") is heard in the headset.

(e) Hl caution light is off.
(f)  Off flag not in view.
b. Testing.

(1) Pressandholdthe PUSH-TO-TEST knob to
actuate the PUSH-TO-TEST condition. Verify the follow-
ing:

(@) OFF flags not in view.

(b) Pointers indicate between 900 feet and
1,100 feet.

(c) Digital displays read between 900 feet
and 1,100 feet.

(d) LO caution light is off
(e) Hl caution light is on.

()  The high altitude warning “ALTITUDE
HIGH, CHECK ALTITUDE", is audible (Full volume) at 10
seconds intervals throughout the test. Verify that the
voice warning audio is discernable by all active crew
members.

(2) Release the PUSH-TO-TEST knob. Check
that all indications return to those specified in step a. (2).

(@) Momentarily pressthe PUSH-TO-TEST
knob once and verify the message is at 1/2 volume.

(b) Momentarily press the PUSH-TO-TEST
a second time and verify the warning message is OFF.

(c) Pointers indicate between 900 feet and
1,100 feet.

NOTE

The LO caution light may appear to go out.
However, the light will be visible with night
vision goggles. In bright daylight, it may be
necessary to shade the indicator to verify op-
eration of the dimming control.

(3) Rotate the RAD ALT dimming control from
BRT to DIM. Check that the digital display dims and goes
out. Check that the LO caution light dims but does not go
out completely.

c. Inflight operation.
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CAUTION

When operating over dense foliage, the
radar altimeters will indicate the altitude to
the tops of the trees. When operating over
sparsefoliage, the altimeters may indicate
the altitude between the ground and about
half the average tree height, depending on
ground speed. When external cargo is car-
ried, the radar altimeter may occasionally
indicate the distance between the bottom
of the helicopter and the load.

(1) Set RAD ALT dimming control to desired
digital display light level.

(2) Set HI and LO indexes as desired. If the
helicopter exceeds one of these indexes, an aural warn-
ing message will be heard at full volume initially, but the
volume level can be decreased by one-half (1/2) by
pressing the PUSH-TO-TEST once or inhibited by press-
ing PUSH-TO-TEST a second time. If HI or LO indexes
are not desired, set the LO index at O feet or the HI index
above 1,500 feet.

2-14-15. VERTICAL SPEED Indicator.

Two VERTICAL SPEED indicators are in the instrument
panel [fig. 2-1-7]1and 2-1-9). They indicate the rate of
climb based on the rate of change of atmospheric pres-
sure. The indicator is a direct-reading pressure instru-
ment requiring no electrical power for operation.

2-14-16. Attitude Indicator.

Two attitude indicators are on the instrument panel [fig.]
[2-1-T and 2-1-9). The attitude indicators have been spe-
cifically tailored for the flight characteristics of a helicop-
ter by the inclusion of an electrical trim capability in the
roll axis in addition to the standard pitch trim. Normal
flight attitudes of helicopters, defined by fixed amounts of
roll as well as pitch, are easily trimmed into this indicator,
and optimum operation of the helicopter in an attitude
such as hover is facilitated. Degrees of pitch and roll are
indicated by movement of a universally mounted sphere
painted optical black and light gray to symbolize earth
and sky, with a horizon line separating the two colores.
To adjust the miniature aircraft in relation to pitch, use the
lower knob. The pitch adjustment range is about 5° nose
up and 10° nose down minimum. To compensate attitude
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in the roll axis, use the upper knob. The roll adjustment
range is about 8°minimum in either direction.

NOTE

Rapid rotation of the pitch and roll trim knobs
on the attitude indicator may cause abrupt
pitch and roll attitude changes with AFCS on.

The indicator incorporates integral lighting. The pilot and
copilot attitude indicators should erect within 90 seconds
after electrical power is applied. Power to operate the
attitude indicator gyros is supplied by the No. 1 and No.
2 AC bus through the NAV PILOT VGI and NAV COPLT
VGl circuit breakers on the No. 1 and No.2 PDP.

2-14-17. Pilot and Copilot Attitude Indicator (VGI)
Switch.

A VGI switch is on the instrument panel below each atti-
tude indicator [fig. 2-1-7land 2-1-9). The switch is labeled
NORM and EMER. When the switch is at NORM, each
attitude indicator operates from a separate gyro. If either
the pilot or the copilot gyro fails, signaled by the OFF flag
on the indicator, manual switching to the remaining gyro
is accomplished by placing the respective VGI switch to
EMER. The switching of the gyros from NORM to EMER
operation is accomplished by a gyro transfer relay. Fail-
ure of the gyro will also result in failure of the associated
AFCS. Power is supplied by the No. 2 DC bus through the
NAV CONT VGI circuit breaker on the No. 2 PDP.

2-14-18. Turn and Slip Indicator (4-Minute Type).

Each turn and slip indicator and 2-1-9) is con-
trolled by an electrically actuated gyro. The instrument
has a pointer (turn indicator) and a ball (slip indicator).
Power to operate the gyros is supplied by the DC essen-
tial bust through the NAV TURN & SLIP circuit breakers
on the No. 1 and No. 2 PDP.

2-14-19. Magnetic Compass.

The magnetic compass is mounted on the top of the
center instrument panel glareshield[(fig. 2-1-3). It is a
direct reading instrument requiring no electrical power. It
consists of compass card mounted on a magnetic ele-
ment in a liquid-filled bowl.

2-14-20. Free Air Temperature Gauge.

The free air temperature gauge is on the exterior of the
pilot's eyebrow window [fig. 2-1-3). The unit is calibrated
in degrees from -70 to + 50°C.



2-14-21. CHRONOMETER.

Two digital clocks labeled CHRONOMETER are located
on the copilot and pilot instrument panels [fig—2-14-4).
Each clock has a six-digit GMT (greenwich mean time)
display and four-digit selectable display. A test mode is
provided to check system. A flashing annunciator identi-
fies which clock mode has been selected. There are
three controls on each clock, a SELECT button, a CON-
TROL button, and a DIM switch.

/ N

CHRONOMETER

23:549:69
DEH] &

GMT LT ET

<420

SELECT CONTROL
/
ANNUNCIATOR

Figure 2-14-4. Chronometer

a. SELECT Button. It allows the selection of any of
three modes on the four-digit display: GMT, LT (local
time), or ET (elapsed time). The six-digit display shows
GMT only.

b. CONTROL Button. Itis used to set the time se-
lected on the four-digit display. When the CONTROL and
SELECT buttons are pressed simultaneously, the four-
digit display is changed from the normal to the time set
mode, and the CONTROL button is functional.

c. DIM Control Switch. It is used to set the light
intensity of the display. At low light settings, the clock
display is NVG compatible.

Integral alkaline batteries maintain clock operation when
no aircraft power is applied, but the CONTROL and SE-
LECT buttons are disabled. Power to operate the chro-
nometers is supplied by the DC essential bus through the
CPLT CLOCK and PLT CLOCK on the No. 1 PDP and
No. 2 PDP.

2-14-22. Normal Operation - CHRONOMETER.

2-14-23. Setting GMT.

Pressthe SELECT button until GMT is selected. Simulta-
neously press both the SELECT and CONTROL buttons
to enter the set mode. The tens of hours digit will start
flashing and the CONTROL button has full control of the
flashing digit. Each time the CONTROL button is pressed
, the flashing digit will increment. Once the tenth of hours
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is set, pressing the SELECT button will select the next
digit to be set. After the last digit has been selected and
set with the CONTROL button, press the SELECT button
to exit the set mode. The annunciator will resume its
normal flashing condition to indicate that the GMT clock
is running.

2-14-24. Setting LT.

Press the SELECT button until LT is selected. Simulta-
neously press both the SELECT and CONTROL buttons
to enter the set mode. The tens of hours digit will start
flashing and CONTROL button has full control of the
flashing digit. Use the same sequence as for setting GMT
with the exception that the minutes are already synchro-
nized with the GMT clock and can not be set when in LT
mode.

2-14-25. Setting ET.

The elapsed time allows for count up or count down
modes.

a. Count Up. Press the SELECT button until ET is
selected. Press the CONTROL button to start count up
sequence. The clock will count up to 59 minutes, 59
seconds and then changes to hours and minutes. It will
count up to 99 hours and 59 minutes. Pressing the CON-
TROL button again resets the ET to zero.

b. Count Down. Press the SELECT button until ET
is selected. Simultaneously press both SELECT and
CONTROL buttons to enter the set mode. A count down
from any time, not to exceed 59 minutes and 59 seconds,
can be set using the same sequence as for setting GMT.
Once the last digit is set, pressing the SELECT button
exits the set mode and the clock is ready to start count
down. Pressing the CONTROL button will start count
down sequence. When the clock reaches zero, an alarm
becomes active by flashing the numbers and the ET
counter will begin to count up. To reset the alarm press
either the SELECT or CONTROL button.

2-14-26. Test Mode.

To activate the test mode, press and hold the SELECT
button for three seconds and all numerical displays will
show an 8 and all annunciators will be active.

2-14-27. Master Caution System.

The master caution system provides the pilots with a
visual indication of helicopter conditions or faults
[2-T4-5 and 2-14-6). The components of the systems are
the [E#Master Caution Panel with NVG filter,
Master Caution/Advisory Panel, two MASTER CAU-
TION lights with NVG filters, and a CAUTION LT panel
with a TEST and BRT-DIM switch. Power to operate and
control the master caution system is supplied by the DC
essential bus through the LIGHTING CAUTION PN cir-
cuit breaker on the No. 1 PDP.
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2-14-28. Master Caution Panel. Master
Caution/Advisory Panel.

The Master Caution Panel is on the center instrument
panel [fig. 2-14-5land 2-14-6). Each capsule is labeled
with word segments which are related to the fault or
condition. When a caution capsule illuminates, the word
segments lettered into the panel are of an amber color.
When they extinguish, the lettering is not readable.
[Tables 2-14]1 and 2-14-2 contain lists of the word seg-

EXT PWR
NO. 1 ENG | NO. 2 ENG I
I XM$N HOT I I XMSN Oit HOT I XMSN HOT @

N
T [ e |
[ L FUELLOW ” EXT PWR ‘rn.maww |
I L. FUEL PRESS JI :":s;‘ﬁ’;:: ” R. FUEL PRESS I
| NO, msc'r ” BATT SYS ” NOzREGT
MAL
l NO. 1 GEN OFF || APU ON l| NO. 2 GEN OFF |
[ oo [ "oe || avaam |
[ NO1AFC$ ]I mg:;ox |r NO. 2 AFCS I
Lo ] e IFE@:.? |
I NO. 1 ENG ” DUAL HOOK ] NO.2 ENG I
Ni CONT FAULT NI CONT
[ CM INOP l [ HEATER HOT l r CM JAM I
Comwoos |[ oo || e | @)
MASTER CAUTION PANEL
f CAUTION LT VHF ANT SEL W
- TEST SYS sYs
& & o
SYS
1
MASTER CAUTION swVITCH ES

ments displayed on the capsules and their actual mean-
ing and cause.

EEZH An NVG filter is provided for use during NVG opera-
tions. The filter fits over the master caution panel and is
secured in place by hook and pile tape at its base. When
the filter is in this position, any light coming from the
caution lights will be NVG compatible. For normal opera-
tions, the filter is rotated from its base to a horizontal
position, and stowed in a compartment above the master
caution panel.

MASTER CAUTION LIGHTS

MASTER CAUTION
PUSH TO RESET

A66987

Figure 2-14-5. Master Caution System
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Table 2-14-1. Master Caution Panel Capsules

WORD SEGMENT

EXPLANATION

XMSN OIL HOT
XMSN OIL PRESS

XMSN AUX OIL
PRESS

NO. 1 ENG OIL LOW
NO. 2 ENG OIL LOW
L FUEL PRESS

R FUEL PRESS
PWR STEER

NO. 1 HYD FLT
CONTR

NO. 2 HYD FLT
CONTR

UTIL HYD SYS
PARK BRAKE ON
NO. 1 RECT OFF
NO. 2 RECT OFF
NO. 1 GEN OFF
NO. 2 GEN OFF
BATT SYS MAL

EXT PWR

L FUEL LOW

R FUEL LOW
HEATER HOT

MID HOOK OPEN
APU ON

DUAL HOOK FAULT

FWD HOOK OPEN
AFT HOOK OPEN
NO. 1 AFCS OFF

NO. 2 AFCS OFF

No. 1 ENG CHIP DET
NO. 2 ENG CHIP DET
XMSN CHIP DET

NO. 1 ENG N1 CONT

Transmission oil temperature is more than 140°C.

Transmission main oil pressure is less than 20 psi, or less than 10 psi in the aft rotor
shatft.

Less than 20 psi auxilliary oil pressure in the forward, or aft transmision or less than 10
psi in the combining transmission.

Approximately 2 gt of usable oil is remaining in No. 1 engine oil tank.
Approximately 2 gt of usable oil is remaining in No. 2 engine oil tank.
Left fuel pressure is below 10 psi.

Right fuel pressure is below 10 psi.

Steering control has been disabled due to system malfunction or steering limits have
been exceeded.

No. 1 flight control hydraulic system pressure is below 1,800 psi.
No. 2 flight control hydraulic system pressure is below 1,800 psi.

Utility hydraulic system pressure is below 1,800 psi.

Parking brake is on.

Transformer-rectifier has failed or the generator ouput is interrupted.
Transformer-rectifier has failed or the generator ouput is interrupted.
No. 1 generator is inoperative on the generator switch is at OFF.
No. 2 generator is inoperative on the generator switch is at OFF.

Battery or battery charging system has failed or the battery has exceeded the safe oper-
ating temperature.

This light comes on whenever external power is connected to the bus.

Left main fuel tank has approximately 20 percent fuel remaining.

Right main fuel tank has approximately 20 percent fuel remaining.

Temperature within heater is greater than 177°C.

The midcargo hook has been opened, either hydraulically, pneumatically, or manually.
The APU is up to speed and can be used.

The forward and/or aft hook circuit has an electrical fault and the hook(s) shall not be re-
leased electrically.

The forward cargo hook has been opened either electrically or manually.
The aft cargo hook has been opened either electrically or manually.

The No. 1 AFCS is off, failed, or DASH is reprogramming.

The No. 2 AFCS is off, failed, or DASH is reprogramming.

Metal chips in No. 1 engine or engine transmission oil.

Metal chips in No. 2 engine or engine transmission oil.

Metal chips in the oil of the forward, combining, or aft transmision or the aft thrust bear-
ing.

No. 1 engine N1 component has failed or the engine condition lever or N1 actuator is not
in the STOP, GND, or FLT position.
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Table 2-14-1. Master Caution Panel Capsules (Continued)

WORD SEGMENT

EXPLANATION

NO. 2 ENG N1 CONT No. 2 engine N1 component has failed or the engine condition lever or N1 actuator is not
in the STOP, GND, or FLT position.

NO. 1 ENG XMSN No. 1 engine transmission oil temperature is above about 190°C.

HOT

NO. 2 XMSN HOT No. 2 engine transmission oil temperature is above about 190°C.

CM INOP Countermeasure set has failed.

CM JAM Countermeasures set has detected interference from other countermeasures sets or sys-
tem is being jammed.

EAPS 1 FAIL Pressure switch within No. 1 EAPS has sensed a pressure differential of 10 psi, indicat-
ing a partial blockage of inlet air.

EAPS 2 FAIL Pressure switch within No. 2 EAPS has sensed a pressure differential of 10 psi, indicat-

ing a partial blockage of inlet air.

2-14-29. MASTER CAUTION Lights.

Two MASTER CAUTION lights on the instrument panels
indicate that one or more of the caution capsules have
illuminated. On the pilot instrument panel, the caution
lightis above the airspeed indicator. On the copilot instru-
ment panel, it is above the altimeter.

Movable NVG filters are attached to the instrument pan-
elsto the left of each light. For NVG operations, the 