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19 MARCH 1954
Fs
1- .
Fs PURPOSE
This supplement sets forth additional cold weather restrictions for the sub-
ject helicopters.
FS 2. GENERAL,

Instructions in paragraph 3. below shall be complied with until such time
F as sultable winterization modifications are incorporated. At the present
s time investigation is being conducted to determine the extent of the modifica-~
tions necessary, When these investigations are completed, kits will be dis-
tributed to modify the aircraft and new instructions will be issued.

FS 3. INSTRUCTIONS.
The subject helicopters are restricted from operation at temperatures
i S below ~20°F,
' - END
Fg
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T.0. No. TH-21(Y)-1G

SAFETY OF FLIGHT SUPPLEMENT

FLIGHT HANDBOOK
USAF MODEL

YH-21 and H-21A

HELICOPTER

This publication supplements T. O. No. 1H-21(Y)-1 (formerly 01- 250HDA 'I'.i Rs!erenu to this nupplemnni will
be made on the title page of the basic handbook by personnel resp for g the p in
current status.

NOTE COMMANDING OFFICERS ARE RESPONSIBLE FOR
BRINGING THIS SUPPLEMENT TO THE ATTENTION OF ALL AF
PERSONNEL CLEARED FOR OPERATION OF SUBJECT AIRCRAFT.

NOTICE: Reproduction for non-military use of the infi ion or ill i ¢ ined in this publication is not §
without specific approval of the issuing service (BuAer or USAE).

*

1. PURPOSE,

This supplement provides additional flight restrictions for the subject
helicopters,

2. GENERAL,

The restriction indicated in paragraph 3. is necessary because of the in-
herent instability of helicopters which require special instrument flight
techniques.

3. INSTRUCTIONS,

The subject helicopters are restricted from IFR operation pending com-
pletion of the Phase V testing,

END

AF-WP-0-6 APR 54 2,600
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SAFETY OF FLIGHT SUPPLEMENT

FLIGHT HANDBOOK
USAF SERIES

YH-21 H-21A

AIRCRAFT
THIS PUBLICATION SUPPLEMENTS T.0. 1H-21(Y)-1. Reference to this sup-
plement will be made on title page of the basic handbook by personnel responsible
for maintaining the publication in current status.

NOTE COMMANDING OFFICERS ARE RESPONSIBLE FOR
BRINGING THIS SUPPLEMENT TO THE ATTENTION OF ALL AF
PERSONNEL CLEARED FOR OPERATION OF SUBJECT AIRCRAFT.

NOTICE: Reproduction for non-military use of the information or illustrations

d in this p
without specific approval of the issuing service (BuAer or USAF).

blication is not permitted

*

4 SEPTEMBER 1956

1. PURPOSE. ly affected. This roughness, pattern and location of the snow
and ice can affectblade stall speeds and handling character-
To prohibit takeoff with snow or ice on the aircraft. istics to a dangerous degree. In-flight structural damage can
also result due to vibrations induced in flight by unbalanced
2. GENERAL. loads of unremoved accumulations. These hazards can be
eliminated by following the instructions contained herein.
Failure to remove snow and ice accumulated on the
helicopters while on the ground can result in serious aero~ 3. INSTRUCTIONS.

dynamic and structural effects when flight is attempted.
Dependingon the weightand distribution of the snow and ice,
takeoff, hovering and climb-out performances canbe adverse-

AF Olmsted AFB, Pa., 250ct 56, IM REPRINT

END

Remove all snow and ice accumulations prior to
flight.
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SAFETY OF FLIGHT SUPPLEMENT

FLIGHT HANDBOOK

USAF SERIES
YH-21 H-21A
THIS PUBLICATION SUPPLEMENTS T.0. 1H-21(Y)-1. Reference to this supple-

AIRCRAFT
ment will be made on title page of the basic handbook by personnel responsible for
maintaining the publication in current status.

NOTE COMMANDING OFFICERS ARE RESPONSIBLE FOR
BRINGING THIS SUPPLEMENT TO THE ATTENTION OF ALL AF
PERSONNEL CLEARED FOR OPERATION OF SUBJECT AIRCRAFT.

NOTICE: Reproduction for non-military use of the inf or illust ined in this publication is not permitted
without specific approval of the issuing service (BuAer or USAF).
*
10SEPTEMBER 1956
1. PURPOSE. clude such an occurrence, it is required that the instructions
herein be followed.
To impose an additional requirement relative to use

of rich fuel mixture. 3. INSTRUCTIONS.
2. GENERAL.

A rich fuel mixture must be used at all times when

When reaching an altitude of 10,000 feet above sea
level, the use of rich fuel mixture is necessary to prevent
engine overheating and possible engine detonation. To pre=

AF Olmsted AFB, Pa., 13 Nov 56 1700 REPRINT

Fs Fs Fs Fs SAFETY OF FLIGHT Fs

operating at or above an altitude of 10,000 feet above sea
level. This requirement applies reqardless of high or low
blower operation.
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without specific approval of the issuing service (BuAer or USAF).
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*

2 OCTOBER 1956

PURPOSE.
To include an additional requirement in the procedure for rotor clutch engagement.

GENERAL.

A clutch out-of-phase condition may result from slippage which can occur during actuator clutch disengagement. With the
occurrence of this out-of-phase condition, direct jaw engagement may be experienced when friction engagement is attempted,
resulting in premature jaw engagement with consequent damage to the rotor system. To preclude the occurrence of the above de-

scribed condition, it is required that the instructions contained herein be followed.

3.

INSTRUCTIONS.

At all times that rotor clutch engagement is to be accomplished, and immediately before the pilot moves the friction
switch to ENGAGE position, a qualified observer shall enter the cargo/passenger compartment (from where operation of the clutch

actuator can be observed) and visually check that the clutch actuator output arm Is in the required up-right position.

END

AF Olmsted AFB, Pa., 13 Nov 56 1700 REPRINT
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SAFETY OF FLIGHT SUPPLEMENT

FLIGHT HANDBOOK
USAF SERIES

YH-21 H-2]1A

HELICOPTERS
THIS PUBLICATION SUPPLEMENTS T,0, 1H-21(Y)-1. Reference to this supple-

ment will be made on title page of the basic handbook by personnel responsible for
maintaining the publication in current status.

NOTE COMMANDERS ARE RESPONSIBLE FOR BRINGING
THIS SUPPLEMENT TO THE ATTENTION OF ALL AF PER-
SONNEL CLEARED FOR OPERATION OF SUBJECT AIRCRAFT.

NOTICE: Reproduction for non-military use of the inf or illustrati tained in this publication is not
without specific approval of the issuing service (Bufier or USAF).
| *
10 OCTOBER 1956
h b PURPOSE.
To provide landing procedures for conditions of gross welight or altitude which limit hovering performance.
2. GENERAL,

A high, steep approach to a landing under the above cited conditions is extremely critical, because uncontrolled settling

can occur with a resultant high impact shock upon touchdown. To preclude the occurrence of uncontrolled settling or high im-
pact shock during landing under the cited conditions, it is required that the instructions herein be followed.

3.

approach should be performed whenever possible.

may be accomplished only under emergency operation. Such approaches will be planned so that the

INSTRUCTIONS.

a. When operating at gross weights or altitudes which [imit hovering performance, a running landing with a shallow

b. High, steep approaches to landings under conditions of gross weight or altitude which limit hovering performance

helicopter arrives over the

intended landing spot when approximately 25 to 35 feet above the ground and at a minimum forward speed of 35 knots |AS.

At this point, apply full power to decrease rate of settling and to reduce the impact shock as
ground,

the helicopter settles to the

WARNING
Forward speeds of less than 35 knots 1AS will result in uncontrollable settling.

END
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1. PURPOSE.

To provide additional Information regarding blade stalls.
2. GENERAL.

Under certain flight conditions (or during power-off touchdowns), It is possible to manipulate the controls in such a man-
ner as to cause a severe blade stall through loss of |ift by the retreating rotor blade. Such a condition causes the forward rotor
blade to drep downward (as the blade approaches the.fuselage) to the extent that the forward blade can strike the fuselage. To
preclude the occurrence of the above cited blade stall, it Is necessary that the flight conditions and information contained in
the Instructlons herein be known by the pllot.

3. INSTRUCTIONS.

a. The pilot should avold the following flight control factors:

(1) Excessive Control. -~ Application of large amounts of collective pitch and aft cyclic control can cause the for=
ward rotor blades to exceed that blade angle of attack which will result in a blade stall condition. Flight conditions during
which the cited blade stall Is most apt to occur are;

(a) Duwring steep flare maneuvers.
(b) During attempts to cushlon the nose-wheel touchdown when landing In autorotation,

(c) During severe turbulence.

AF Olmsted AFB, Pa., 15 Nov 56, 1700 REPRINT
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(2) Insufficlent Rotor Speed. == This condition reduces the effectiveness of collective pitch and longitudinal con-

trol to the extent that the pilot may tend to employ excessive control.

(3) Steep Turns. -- During this maneuver when collective pitch Is used to maintain altitude, the angle of attack of

the rotor blades Is increased, tending toward a blade stall condition.

(4) High Airspeed. -- During any one or combination of the above three conditions, a high IAS will Increase the
chances of a blade stall or will result In a more severe blade stall condition.

END
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1. PURPOSE.

To provide a basic technique for approach and landings which must be performed under such conditions of
gross weight and altitude which limit hovering performance.

2. GENERAL.

Occasionally a requirement exists for an approach and landing to be made into a confined area. The gross
weight of the helicopter and the altitude can make such an operation extremely hazardous, because if the pilot must
perform a steep approach at low airspeeds, control of the rate of descent prior to touchdown becomes highly criti-
cal. Precise control and accurate judgment are necessary to avoid high impact loads at touchdown. One complete
procedure for such an operation cannot be established, because of the numerous variables that can affect the over-
all procedure. The procedures contained in the instructions herein provide a basic technique for the pilot to follow.
The basic procedures will apply at all times but the pilot should implement the procedures presented with whatever
additional action the pilot deems necessary.

3. INSTRUCTIONS.

a. When the gross weight and the altitude are such that the hovering performance of the helicopter is
marginal, approaches and landings into confined areas are not recommended and should not be attempted unless, in
the pilot's judgment, an emergency condition exists which demands that such an operation be performed.

b.  When the approach and landing cited in paragraph a. must be performed, a shallow approach with a
running landing should be made whenever possible.

AF Olmsted AFB, Pa., 9 Aug 57 3100 REPRINT 1
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c. Should a steep approach be required, the maneuver should be so planned as to approach the intended
landing” spot with transitional lift. Speed dissipation should begin as near to the ground as possible to utilize
ground effect as a means to retard the descent and in turn minimize landing impact loads.

WARNING
Precise control and judgment are required to main-
tain control of rate of descent and prevent the oc-
currence of high impact loads upon touchdown.

END
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[ MAXIMUM BENEFITS FROM THIS MAND-
| BOOK IT IS IMPERATIVE THAT YOU

\  READ THESE PAGES CAREFULLY

It is the pilot’s and co-pilot’s responsibility to
read thoroughly the handbook applicable to their
helicopter.

The only source of technically accurate and con-
stantly current operating instructions is your
Flight Handbook. These instructions are based on
the technical knowledge of the aircraft manufac-
turer and the Air Force as well as the experience
of the using commands. You would never recog-
nize these new books as your old familiar,
undesirable -1 technical order, These new books
have considered your specific problems and have
therefore been made attractive, accurate, current,
and very easy to use. Not all of the books have
been prepared to the new requirements, but you
can tell the old from the new very easily, The
new type handbook has a full page cover illustra-
tion whereas the old book has a small “spot”
illustration,

Each flight crewmember (except those attached
to an administrative base) is entitled to have a
personal copy of the Flight Handbook while he is
stationed at a given base. Don’t let anyone tell
you differently; Air Force Regulation 5-13, issued
in 1953, specifically makes that provision.

You would be surprised how well the technical
order distribution system will work if you just do
your part. Order your required quantity of hand-
books before they are needed instead of waiting
until the need arises, If you order them early,
the Air Force will print enough to cover your
requirements. If you delay, you will probably be
kept waiting a long time when you do order
because sufficient copies may not have been orig-
inally printed to cover your request—sometimes
it takes a discouragingly long time to get
new printing!

The technical order system is very easy to cope
with. Technical Order 00-5-2 explains, in just a
few pag"es, the easy means by which you can set
the automatic machinery into motion, Actually,
all you have to do is reflect your required quan-
tities on the Publications Requirements Table,
T.0. 00-3-1, and all the revisions, reissues, and
supplements will be automatically forwarded to
you in the same quantities, Talk to your base
supply officer—he should know all about the sys-
tem since it is his job to fulfill your technical
order requests. Of course, each base must develop
a system of feeding these books and related data
to its flight crewmembers so that no one will
be using an obsolete book.

One more thing—we admit it takes a long time
to revise the Flight Handbook. Since the time lag
is excessive for Safety of Flight information, a
new program has been put into effect to get such
information to you in a hurry. This is done by
means of Safety of Flight Supplements, which
use the same number as your Flight Handbook
except for the addition of a suffix letter. Supple-
ments covering loss of life will get to you in 48
hours; those concerning serious damage to equip-
ment will make it in six days. And what do you
have to do to get these supplements? Absolutely
nothing! If you have ordered your Flight Hand-
book on the Publications Requirements Table, you
will automatically receive all supplements per-
taining to your helicopter. Technical Order 00-5-1
covers some additional information regarding
these supplements,

Your comments and questions regarding any -’
phase of the Flight Handbook program are
invited and should be directed to the Wright Air
Development Center, Attention: WCSOH.
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The handbook is divided into nine sections, an appendix and an alpha-
betical index, The information to be found in each section is as follows:

SECTION I, DESCRIPTION—Describes the helicopter and all its
systems and controls which contribute to the physical act of flying the
helicopter and the location of all items of emergency equipment.

SECTION II, NORMAL PROCEDURES—Contains the steps and pro-
cedures to be accomplished from the time the helicopter is approached
by the flight crew until it is left parked on the ramp after accomplish-
ing one complete non-tactical flight under normal conditions,

SECTION III, EMERGENCY PROCEDURES—Describes the proce-
dures to be followed in meeting any emergency (except those in con-
nection with auxiliary equipment) that could reasonably be expected
to be encountered.

SECTION IV, DESCRIPTION AND OPERATION OF AUXILIARY
EQUIPMENT—Includes the description, normal operation and emer-
gency operation of all equipment not directly contributing to flight
but which enables the helicopter to perform certain specialized
functions.

SECTION V, OPERATING LIMITATIONS—Covers all important
ground and flight limitations that must be observed during normal
operation.

SECTION VI, FLIGHT CHARACTERISTICS—Describes the unique
flight characteristics of the helicopter, with emphasis on flight control
positioning for ground and flight operations.

SECTION VII, SYSTEMS OPERATION—Describes operation of
systems peculiar to this helicopter, with definite information on the
more unusual systems involved.

SECTION VII, CREW DUTIES—Not applicable to this handbook.

SECTION IX, ALL WEATHER OPERATION—Describes precautions
to be observed for operating the helicopter under adverse conditions,
such as extremes of temperature and desert conditions.

APPENDIX I, PERFORMANCE DATA—Contains all operating data
charts necessary for preflight and inflight mission planning and in-
cludes explanatory text on the use of the data presented,

ALPHABETICAL INDEX—Provides a ready reference to all items
discussed in the handbook,
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THE HELICOPTER.

The models YH-21 and H-21A (figure 1-1) are
16 place, single engine, tandem rotored, rescue and
lutiIity helicopters manufactured by the Vertol
Aireraft Corporation. Power is supplied by a
Wright R-1820-103 air-cooled radial engine, lo-
cated within the fuselage aft of the cabin section.
The engine (20, figure 1-2) simultaneously drives
two three-bladed rotors, longitudinally disposed,
through drive shafts and reduction transmissions.
The rotor blades, constructed of wood on a

Revised 1 May 1956
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steel spar, are plywood covered, and have an alu-
minum trailing edge. All-metal rotor blades, when
available, will be interchangeable with wooden
blades. The fuselage is of all-metal stressed skin
construction. The cockpit incorporates side-by-
side pilot seating with the pilot seat on the right.
The cockpit is arranged to provide for easy ob-
servation and manipulation, from either seat, of
such instruments and controls as necessary for
the safe and efficient flight of the helicopter. Dual
flight controls are provided. The main entrance

1
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1 Pilots' Compartment 4 Engine Compartment
2 Cargo-Passenger Compariment 5 Engine Accessory Compartment
3 Fuel Cell Compariment 6 Tail Section

GEMENT

-ﬁ;.' s

Figure 1-2. (Sheet 1 of 2)
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Pilot's Instrument Console
Pilot's Seat

Forward Transmission
Hydraulic Reservoir
Forward Rescue Door
Mid Transmission

Firewall

Transmission Oil Cooler
Drive Shafting

Qil Tank

Figure 1-2, [Sheet 2 of 2)

Aft Transmission
Engine Air Exit
Engine Hatch Door
Engine

Fuel Tank

External Power Receptacle
Battery

Main Entrance Door
Troop Seats

Radio Equipment
Co-Pilot's Seat
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COCKPIT YH-21 H-21A H-21B H-21C
Automatic Pilot No No Yes No
Fuse Box (on Censole) Yes Yes No No
Fuse Box. (behind Co-Pilot) No No Yes Yes
CARGO/PASS. COMPARTMENT
Flooring Woed Metal Metal Metal
Main Entrance Door [Rounded Top) Yes Yeos Mo Mo
Main Entrance Door [Rectangular) No No Yes Yes
Windows 7 7 9 9
Dome Lights 2 3 3 3
Cargo Tie-Down Rings (Fixed) Yes Yes Ne No
Cargo Tie-Down Rings (Fixed and Removable) No Neo Yes Yes
Auxiliary Fuel System (Internal) Yes Yes No No
Passenger A dations 14 14 20 20
ENGINE COMPARTMENT .
Aiir Exit Door Yes Yes MNe Mo
Carburetor Air Filter No No Yes Yes
Manifold Pressure Limiter Yeos Yes Mo Mo
Self Sealing Oil Tank No No Yes Yes
FUSELAGE EXTERIOR
External Fuel Tanks Ne No Yes No
Provisions for External Fuel Tanks No No Yes Yes
Formation Lights No No Yes Yes
Rotor Blades Wood Metal* Metal* Metal*
Landing Gear (Straight, Welded Tubing) Yes Ne No No
Landing Gear (Extruded, Tapered Tubing) No- Yes Yes Yes
*Wooden blades to be used until metal blades are availabls.

Figure 1-3

door is located on the center, left side of the fuse-
lage. A rescue door and a swinging boom type
rescue hoist are located on the forward, right side
of the fuselage immediately behind the pilot. The
cabin can be fitted with troop seats and litters.
The basic flight crew consists of a pilot. (Refer
to Section V.)

DIMENSIONS.
The principal dimensions are as follows:
YH-21 H-21A

Length, Over-All

Rotors Turning 86 ft b5in. 86ft 4in.

Rotors in Phase

and Static 75ft 8in. 75ft 6in.

Blades Folded 52ft 6in. bH2ft 9in.
Height, Over-All 16 ft 16 ft
Width (Blades Folded) 14ft 2in. 14ft 6 in.
Width (Blades Turning) 44 ft 44 ft
Tread (Main Landing

Gear) 13ft 6in. 13ft 4in.

APPROXIMATE WEIGHT.
The approximate weights are as follows:

Cargo or

Rescue . Passenger
YH-21 H-21A YH-21 H-21A
Useful Load 2740 2797 3534
Weight Empty 8282 8242 7966
Gross Weight 11,022 11,039 11,500

Refer to Section V for Weight Limitations. Rescue
weight is normal empty weight less items listed
under Cold Weather Operation in Section IX.

ENGINE.

The helicopter is powered by a Wright R-1820-103
air-cooled radial engine, which is mounted within
the fuselage aft of the cabin (figure 1-2). The
engine does not contain reduction gears. The
speed of the drive shaft between engine and mid
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transmission is the same as engine speed. An
injection type carburetor supplies fuel to the
engine. A single-stage, two-speed supercharger is
installed for high altitude flight,

THROTTLE.

The controls are located on the pilot’s and co-
pilot’s collective pitch levers (11 and 28, figure
1-4). Throttle control action is synchronized with
the collective pitch control which will tend to auto-
matically maintain an rpm setting when the col-
lective piteh is increased or decreased. The
throttle may be operated independently by rotat-
ing the turnable (motorcycle) grip from right to
left to increase rpm or from left to right to
decrease rpm.

A white index mark on the pilot’s and co-pilot’s
throttle grips indicates closed throttle. The
throttle override allows the throttle grip to be
turned past the index mark.

THROTTLE FRICTION.

The throttle friction knob (figures 1-4 and 1-5)
is located on the collective pitch lever at the end
of the throttle control. By rotating to the left, the
amount of friction in the throttle control can be
increased as desired; and by rotating to the right,
the friction can be decreased.

l WARNING I

When the throttle friction knob is
rotated fully to the right (decrease fric-
tion), it is possible to jam the throttle
in a locked position. Until such time as
a stop is incorporated which will prevent
this possibility, extreme care should be
taken, when decreasing throttle friction,
not to rotate the friction knob to the
extreme right.

MANIFOLD PRESSURE LIMITER.

The manifold pressure limiter, mounted on the
supercharger section of the engine, automatically
limits the maximum power available during all
engine operations to avoid overstressing of the
helicopter transmissions and‘drive shafts. It also
serves to esfablish the starting speed of the engine
under no-load conditions. The unit varies the car-
buretor throttle opening to limit the maximum
manifold pressure with regard to surrounding
atmospheric pressure and the position of the
supercharger drive (low or high ratio).

MIXTURE CONTROL LEVER.

The mixture control lever (figure 1-5) is located
on the console below the switch panel. The posi-
tions of the mixture control are as follows:
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1. RICH—Full forward position of the lever,
identified by RICH on the console.

2. NORMAL—Midpoint position of the lever,
identified by NORMAL on the console.

3. IDLE CUT-OFF—Movement of the lever to

its full aft position is IDLE CUT-OFF, so identi-
fied on the console.
In moving the lever from RICH to NORMAL,
a slight hesitation can be felt at the NORMAL
position. This is the only detent for this lever
position. A series of safety detents are provided
aft of the NORMAL position to prevent inadvert-
ent movement from NORMAL mixture range
into IDLE CUT-OFF, To move the lever into
IDLE CUT-OFF, it is necessary to operate the
ratchet release.

CARBURETOR HEAT CONTROL LEVER.

The carburetor heat control lever is located on
the console (figure 1-5) to the right of the mixture
control. The forward position is COLD; the aft
position is HOT. There are threp detents for
positive positioning of this control between COLD
and HOT. There is enough friction designed into
the system so that any position may be selected
between the detents and the control will not
move. Experience has shown that adequate heat
is available when operating at —54°C with the
heat control set in the vicinity of the mid point
(second detent) between COLD and HOT. When
the carburetor heat control lever is placed in the
COLD position, air is forced by the fan through
the carburetor air duct located above the engine.
When this control is positioned at HOT, heated
air from around the engine cylinders and exhaust
shroud is channeled through the air duct into the
carburetor air intake. Refer to figure 1-6 for
air flow.

SUPERCHARGER.
The Wright R-1820-103 engine is equipped with a
two-speed, gear-driven supercharger. The super-
charger control at the engine is actuated by oil
pressure and is controlled by an electrically
actuated solenoid.

SUPERCHARGER CONTROL SWITCH.

The supercharger control switch (figure 1-5) is
mounted on the console just below and to the left
of the ignition switch. This is 2-position, HIGH-
LOW, toggle switch which, when flipped to
HIGH, actuates the engine selector valve to the
high blower position, and inversely, when on
LOW, provides for engine operation in low blower.

ENGINE COOLING SYSTEM.

An engine air cooling system (figure 1-6) is
necessary since ram air is not available during
ground operations and hovering of the helicopter.
The system consists of a fan, stator ring, cylinder
head baffles and a cowling, plus the necessary air
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inlets and outlets. Air is drawn into the engine
compartment through the inlet in the top of the
fuselage just -aft of the cabin. The air is
forced through the cowling around the engine
cylinders by the engine-driven fan and expelled
through the two circular outlets aft of the engine.
The fan also acts as an engine flywheel when
the rotors are disengaged.

AIR EXIT DOORS.

Two air exit doors, to control the flow of air
around the engine, are provided but not normally
installed. These are manually operated on the
ground. The pilot should check for desired
adjustment before flight.

ENGINE COOLING SWITCH. The engine cool-
ing switch (figure 1-5), which operates the elec-
trically actuated air exit door, is mounted on the
console switch panel and is a momentary 3-
position, OPEN-OFF-CLOSED, switch. However,
since the electric actuators have been removed,
the switch has no function.

IGNITION SYSTEM.

This is a conventional dual magneto system with
two spark plugs per cylinder. When the starter
switch on the pilot’s collective pitch lever is
pressed, current from the external power supply
or battery is furnished to the starter and to the
vibrator. The function of the vibrator is to sup-
ply low tension current to the right magneto,
which in turn supplies high tension current to
the spark plugs for engine starting. When the
engine is running and the starter switch has been
released, the starter and vibrator will be dis-
connected from the circuit, and the magnetos will
continue to supply the necessary high tension
current to the spark plugs.

IGNITION SWITCH.

This switch is located on the engine controls sec-
tion of the console switch panel (figure 1-5). The
switch positions are OFF, R for right magneto,
L for left magneto, and BOTH for both magnetos.

FUEL PRIMER.

The fuel primer solenoid valve is located on the
rear of the carburetor. Pressure is supplied by
the electrically-driven fuel booster pump. Fuel
from the primer solenoid valve is sprayed into
the intake manifold just above the impeller throat
and i§ diffused to all eylinders by the impeller.

FUEL PRIMER SWITCH.

The fuel primer, ON-OFF, switch (figure 1-5) is
installed on the engine controls section of the
console switch panel, When the switch is held in
the ON position, an electrically actuated solenoid
opens the primer valve, located on the rear of
the carburetor. The switch is spring-loaded and
will return to the OFF position when released.
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STARTER.

The engine is provided with a 28-volt, d-c elec-
trie, direct cranking starter motor. The starter
mechanism consists of an electric motor, a multi-
ple disc clutch, and a crank jaw assembly. The
engine is cranked directly when the starter motor
is energized. The multiple disc clutch is pro-
vided to ease the torsion load when the starter
jaw is engaged. The clutch also protects the
starter mechanism by cushioning the shock in
case the engine backfires while the starter motor
is being energized.

ENGINE STARTER SWITCH.

This is a button type switch installed on the
underside of the pilot’s collective pitch lever, for-
ward of the throttle grip (figure 1-4).-When the
switch is pressed, the starter is energized.

ENGINE INSTRUMENTS.

OIL TEMPERATURE GAGE.

The oil temperature gage (27, figure 1-7), located
on the instrument panel, is connected to a tem-
perature bulb in the oil system Y-drain, and
registers the temperature of oil" entering the
engine in degrees centigrade, This gage is elec-
trically actuated by heat changes which occur
within the temperature bulb.

0IL PRESSURE GAGE.

The oil pressure gage (28, figure 1-7), located be-
side the engine oil temperature gage on the instru-
ment panels, registers engine oil pressure in psi.
Pressure is electrically transmitted to the gage
from the transmitter in the engine accessory
section.

FUEL PRESSURE GAGE.

The fuel pressure gage (13, figure 1-7), located
on the instrument panel just below the fuel
quantity gage, indicates fuel pressure units put

forth by the engine- and electrically-driven fuel

pumps.
DUAL TACHOMETERS.

Two dual tachometers (12 and 17, figure 1-7)
indicating rotor speed and engine speed are
mounted on the instrument panel. These dials
have two concentric scales' marked on their faces
in hundreds of rpm. The inner scale graduations
denote rotor rpm and the outer scale markings
signify engine rpm. The shorter of the two
needles shown in the illustration indicates actual
rotor rpm and is actuated by a tachometer gen-
erator located on the central transmission. The
longer needle shows actual engine rpm and is
similarly energized by a tachometer generator
located on the engine accessory section. The
needles of the tachometers will be aligned when
the engine and rotor speeds are synchronized.
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ENGINE CONTROLS

Figure 1-5
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Figure 1-6

MANIFOLD PRESSURE GAGES.

Two identical manifold pressure gages (25 and
29, figure 1-7), one for the pilot and one for the
co-pilot, are located on the lower part of the
instrument panel. These gages indicate manifold
pressure in inches of mercury. The purge valve
control is a button marked PUSH adjacent to
the manifold pressure gage. When this button is
pushed, the manifold pressure lines will be purged
of any moisture.

CARBURETOR AIR TEMPERATURE GAGE.
The carburetor air temperature gage (26, figure
1-7) is located on the lower left side of the instru-
ment panel. The gage is connected to a tempera-
ture bulb located at the carburetor air intake
and indicates temperature in degrees centigrade.
Carburetor air temperature is regulated by the
carburetor heat control lever on the console.

CYLINDER HEAD TEMPERATURE GAGE.

The cylinder head temperature gage (21, figure
1-7) is located on the left side of the instrument
panel above the carburetor air temperature gage.
The cylinder head temperature is registered in

degrees centigrade from a temperature bulb in-
stalled in the hottest cylinder head. Engine tem-
perature can be controlled by proper selection of
the fuel-air mixture and operation of the engine
air outlet doors, if installed.

TRANSMISSION AND ROTOR SYSTEM.

The transmission system (9, 12 and 17, figure
1-2) is composed of two rotor transmissions, lo-
cated at each end of the helicopter, and one mid
transmission located just forward of the firewall.
Each transmission has its own complete lubrica-
tion system. Three oil coolers located together
above the engine are cooled by the engine fan.
Engine torque is supplied through a drive shaft
connected to the mid transmission. This turning
movement is transferred to the forward and aft
rotor transmissions from the mid transmission
by means of interconnecting drive shaft assem-
blies. The rotor shaft is an integral part of the
transmission. The drive shafts operate at engine
speed. This is reduced to a ratio of 9.7 to 1 in
the rotor transmissions.
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ROTOR CLUTCH.

A clutch is installed as part of the mid trans-
mission assembly. This is a combination clutch
containing a multiple plate friction clutch to syn-
chronize the engine and rotors for engagement
and an overrunning jaw cluteh for positive drive
and autorotation.

ROTOR CLUTCH OPERATIONAL
FUNCTIONS.

This clutch system provides for engine starting
independently of rotor engagement. When the
engine is operating smoothly, the rotor system is
engaged by the electrically actuated friction
clutch. After the rotor rpm has synchronized
with the engine rpm, the jaw clutch is engaged
and the {friction clutch disengaged simultan-
eously, thus supplying direct torque from the
engine to the rotors. Refer to Section VII for this
procedure. If, at any time, the rotor rpm should
be greater than the engine rpm (such as during
autorotation or power failure), the jaw clutch
will overrun. The jaw clutch is constructed of
two jaws, one of them spring-loaded, with tapered
teeth designed to override, against the spring
pressure, when the the rotor speed exceeds the
engine speed. When the engine rpm is again
increased to match the rotor rpm, the system will
return to direct drive.

To stop rotors, increase the rotor and engine rpm
then reduce the engine rpm sharply. This will
permit the jaw cluteh to overrun. Disengage the
jaw cluteh by placing the friction switch in the
DISENGAGE position while the tachometer nee-
dles are separated. Shut down the engine as out-
lined in Section II. After the engine has stopped,
engage friction switch to bring the rotors to a
complete stop as described in Section VII.
When the helicopter is in autorotation, rotor rpm
is maintained by the passage of air up through
the blades. If overrunning clutch action were not
possible, the rotors would stop when complete
engine failure occurred. Since it is necessary that
the engine be brought into direct drive at any
time during a simulated autorotative descent,
and since it may be desired to restart the engine
during power-off descent, overrunning clutch
action for these flight conditions is mandatory.

CLUTCH CONTROLS,

FRICTION SWITCH. This switch is located on
the center portion of the console switch panel
(figure 1-5). When the switch is moved to
ENGAGE, the friction clutch is actuated, con-
necting the engine with the rotor system. This
switch must remain in ENGAGE position for all
rotor operation. Moving the switch to DIS-
ENGAGE position will disengage the engine
from the rotors.
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JAW SWITCH. This switch (figure 1-5) is ad-
jacent to the clutech friction switch. It is a
momentary type switch and must be held in JAW
position during jaw clutch engagement until the
clutech engaging light goes out. It will return to
the OFF position when released. If the jaw
switch is moved to JAW position before the
friction switch is engaged, no action will occur.

P B A B P P

¢ CAUTION

W

Do not operate the jaw switch until the
tachometer indicates that the engine
and rotors are synchronized.

The switch is placed in JAW position after the
engine and rotors are fully synchronized with
the friction clutch. After jaw clutch engagement,
the rotors are in positive drive with the engine
and are free to overrun the engine as required
for autorotation.

CLUTCH ENGAGING LIGHT. The clutch en-
gaging light (figure 1-5) is located on the console
adjacent to the clutch switches and illuminates
when the friction clutch switch is put in the
ENGAGE position. This light will stay on until
the jaw clutch switch is thrown on and the jaw
clutch is fully engaged. This action should occur
within two to four seconds.

Note

Since this light is connected to both the
central transmission oil pressure trans-
mitter and the jaw clutch mechanism,
it will not go out until the jaw clutch is
fully engaged and the oil pressure has
been stabilized to the proper point.

ENGINE OIL SYSTEM.

The engine oil system is composed of a tank as-
sembly and an oil cooler, The total tank capacity
is 21.47 US gallons. An internally contained hop-
per is provided for quick warm-up and to limit
the required amount of oil dilution. Refer to
Servicing Diagram (figure 1-15) for oil specifica-
tion and grade.

OIL COOLER.

Engine oil is cooled during engine operation by
passage through the oil cooler located on the
lower section of the engine mount. When the oil
is cold, it is diverted around the cooler by a ther-
mostatic bypass valve located in the cooler. When
the oil is hot, it passes through the cooler where
it is cooled by air from the engine fan.

OIL TEMPERATURE CONTROL SWITCH. The
oil temperature control switch (figure 1-5) has

Revised 1 May 1956



T.0. 1H-21(Y)-1

four positions, AUTO-OFF-HOT-COLD. How-
ever, since the thermostat located in the Y-drain
and the oil cooler duct shutter have been removed,
this switch has no function.

OIL DILUTION SYSTEM.

OIL DILUTION SWITCH.

The ON-OFF switch is located on the engine con-
trols section of the console switch panel (figure
1-5). When the switch is placed ON, the engine
oil is diluted with fuel. The oil should never be
diluted for longer than nine minutes. Refer to
Section IX for correct procedure.

TRANSMISSION OIL SYSTEM.

The forward, mid, and aft transmissions (9, 12
and 17, figure 1-2) each have a complete and
separate lubrication system. Located above the
engine are three oil coolers in one unit, one cooler
for each transmission, which obtain forced air
from the engine fan for cooling. System pressure
is obtained from an oil pump located in each
transmission case. Mounted adjacent to the trans-
missions are pressure and temperature transmit-
ters. Gages for these units are located on the left
side of the instrument panel (figure 1-7). Pres-
sure for the forward, mid, and aft transmissions
is registered on the inner row of gages, (11, 15
and 23, figure 1-7) and temperature for these
installations is transmitted to the gages immedi-
ately to the left of the pressure gages (10, 14 and
22, figure 1-7). Warning lights (2 and 3, figure
1-7), are mounted above these gages, indicating
high or low pressure and high temperature.

FUEL SYSTEM—MAIN.

The main fuel system (figure 1-8) consists of
one fuel compartment, centrally located in the
helicopter, containing a non self-sealing nylon
tank, an electric fuel booster pump located inte-
grally in the fuel tank, a fuel strainer and fuel
shut-off valve located below the fuel tank, an oil
dilution solenoid located in the engine compart-
ment, and an engine driven fuel pump located
on the engine. The fuel quantity and fuel pres-
sure gages are located on the console. The system
is suitable for aromatic fuels. Refer to figure 1-9
for fuel quantity data.

FUEL SPECIFICATION AND GRADE.
For fuel grade and specification, refer to the
Servicing Diagram (figure 1-15).

FLUIDS SHUT-OFF SWITCH.

A 2-position fluids shut-off switch, located on
the overhead switch panel (figure 1-10), provides
emergency shut-off for the fuel and oil systems.
The switch operates the two electric shut-off
valves in the engine compartment. The switch
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has two positions (NORMAL and SHUT-OFF)
and it remains in the NORMAL position during
all normal operation. The switch should be moved
to the SHUT-OFF position only when a fire or
other such emergency requires that the fuel and
oil be shut off.

FUEL SHUT-OFF VALVE.

The electrically operated fuel shut-off valve lo-
cated beneath the fuel tank, is positioned in the
fuel system between the fuel booster pump and
the fuel strainer. This unit is accessible through
an opening forward of the engine hatch keel.

FUEL BOOSTER PUMP SWITCH.

This is a 3-position switch (HIGH-LOW-OFF)
for operating the electrically-driven fuel pump.
The switch is located on the console switch
panel (figure 1-5). The pump is inoperative when
the switch is in the OFF position. Use HIGH
position for starting the engine, for take-off,
landing, and for operating above 10,000 feet or
below 1000 feet altitude. Use HIGH position also,
in event of engine pump failure. Use LOW posi-
tion for flight between 1000 and 10,000 feet alti-
tude and in autorotative descent.

P B AP PP
WP

¢ CAUTION §
Failure of the engine-driven pump will
be indicated by a drop-off in pressure on
the gage. Switch the electrically-driven
fuel booster pump to the HIGH position
immediately, and land as soon as pos-
sible.

FUEL BOOSTER PUMP.

The electrically operated two-speed fuel booster
pump, attached to the bottom of the fuel cell,
supplies sufficient pressure at the engine-driven
fuel pump inlet to prevent a vapor lock. This
pump also supplies pressure for the fuel supply
to the cabin heater. If the engine-driven fuel
pump should fail, the fuel booster pump will
deliver fuel to the engine at high pressure for a
limited period of time.

FUEL QUANTITY GAGE.

A fuel gage (9, figure 1-7), calibrated to measure
fuel quantity in pounds, is located on the left
side of the instrument panel below the fuel re-
serve warning light.

The capacitance type fuel quantity gage system
consists of a tank unit, a bridge unit, an ampli-
fier, and a fuel quantity gage. The tank unit con-
sists of a eylindrical capacitor extending into the
fuel tank. The capacitance of the tank unit is
balanced against a fixed capacity condenser in
the bridge unit called a reference condenser. Any
change in capacitance of the tank unit due to a
change in fuel quantity causes a voltage unbal-
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ance in the bridge unit. This unbalance is ampli-
fied by the amplifier unit and is sent to the rotor
of the gage where it causes a rotation of the
pointer. This action turns an arm on a potentio-
meter located inside the gage until a new position
of balance is established.

FUEL QUANTITY GAGE TEST SWITCH.
This spring-loaded, two-position, TEST-OFF,
switch is installed on the engine controls section
of the console switch panel (figure 1-5). When
operated, the switch grounds one side of the
bridge and causes the indicator pointer to rotate
continuously counter-clockwise. It is necessary
to create a test condition just long enough to dis-
place the pointer an observable amount. The
pointer should return to its original position when
the switch is released. Failure to do so indicates
a malfunction in the system.

FUEL RESERVE WARNING LIGHT.

A red warning light (1, figure 1-7) above the fuel
gage will illuminate when 20 minutes of fuel
remaining is indicated on the gage. This period is
based on the take-off power of the engine. How-
ever, at cruising power (2400 rpm and 33 inches
Hg) this quantity of fuel will last approximately
40 minutes. The signal is transmitted to the lamp
by means of a cam located on the shaft of the fuel
quantity gage pointer. The cam makes contact and
completes the circuit of the warning light. Provi-
sions have been built into the light for testing the
lamp. This is done by pressing the case, causing
the lamp to light if the circuit is operating.
Due to interconnection, malfunction of the gage
will also cause malfunction of the warning light.

FUEL SYSTEM—AUXILIARY.

The auxiliary fuel system (figures 1-8 and 1-9)
consists of three 100 gallon C-47 type auxiliary
fuel tanks, a selector valve and an electric fuel
pump mounted on a single base. These are secured
to the cargo tie-down fittings on the cabin flooring.
The tanks (figure 1-8) are interconnected so that
fuel can be drawn from all three tanks. However,
dependent upon the mission, one, two or three
tanks may be used.

Servicing of the tar:’(s is accomplished through
the filler neck provided at the top of each tank.
The fuel is transferred to the main fuel tank by
the pump.

It is possible to fill the main fuel tank from supply
cans outside the helicopter by turning the selec-
tor valve to the ground refueling position and
turning on the auxiliary fuel system pump,

A hose, permanently attached to the selector
valve, is used for ground refueling the main fuel
tank. Another hose, permanently attached to the
drain valve, provides for draining the auxiliary
fuel tanks onto the ground or into containers.
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AUXILIARY FUEL SYSTEM SELECTOR VALVE.

A 2-position, AUX TANK to MAIN TANK
and GROUND REFUELING, manually operated
selector valve (figure 1-8) is provided between
the auxiliary tanks and the auxiliary fuel pump.
The selector valve and electric fuel pump are
mounted on the auxiliary tank cradle. This valve
is used for transferring fuel from the auxiliary
tanks to the main fuel tank or for ground refuel-
ing of the main fuel tank. Refer to Section VII
for procedure.

AUXILIARY FUEL PUMP SWITCH.

A 2-position, ON-OFF, toggle switch (figure 1-8)
is located just above the electric fuel pump on
the base of the auxiliary fuel tank unit.

AUXILIARY FUEL SYSTEM FLOW VALVE AND
DRAIN VALVE.

Two additional valves are provided inboard of
the electric fuel pump. One, a drain valve, is for
draining the auxiliary fuel tanks; and the other, a
fuel flow valve, is for transferring fuel to the
main fuel tank. Refer to Section VII for proce-
dure.

These valves are manually opened or -closed.
There are no independent switches or controls for
their operation. Refer to Section VII for their
positions during refueling of the main fuel tank
or draining of the auxiliary tanks.

ELECTRICAL POWER SUPPLY SYSTEM.

Power for operating the various units of elec-
trical and electronic equipment is supplied by the
28-volt electrical system (figure 1-11). The gen-
erator, battery, or external power supply can be
used independently. The direct current system
is converted to alternating current by a 500-VA
main inverter. A 250-VA standby inverter is
also provided.

D-C OPERATED INSTRUMENTS AND EQUIPMENT.
Refer to figure 1-11.

BATTERY.

The battery (23, figure 1-2) is located on the floor,
in front of the fuel cell, on the left side of the
helicopter. It has a potential of 24 volts and a 34
ampere hour capacity. Use of the battery for
ground operation and starting of the engine
should be avoided if an external source of power
is available.

BATTERY SWITCH.

The battery switch (figure 1-5), located on the
console, has three positions (ON, OFF, and
EMERG). Damage may result if the battery
switch is ON while external power is being used.
To prevent unnecessary drainage of the battery,
the switch is left in the OFF position until
the engine is started. The battery switch EMERG
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position is used if the generator fails. When the
switch is placed in the EMERG position, non-
essential electrical equipment on its major circuit
is disconnected to avoid drain on the battery.
With the switech in the EMERG position, the
equipment which will continue to operate directly
from the battery is illustrated in figure 1-11.

When the battery switch is ON, power is supplied
to the aft bus, console bus, and emergency bus.
If the generator should fail, the battery switch
should be placed in the EMERG position and the
inverter switch in the SPARE position. This
disconnects all non-essential radio and electrical
equipment but does permit operation of certain
units of electrical equipment directly off the
battery as illustrated in figure 1-11.

GENERATOR.

The engine-driven 400 ampere capacity generator
(figure 1-11) provides direct current at 30 volts,
and is the primary source of electrical power.
However, the electrical system is supplied with
only 28 volts of this output. The function of the
generator and its associated relays is to supply
the required amount of regulated voltage for
maintaining a fully-charged battery and the
proper operation of all electrical and electronic
equipment, except when the battery switch is in
the EMERG position.

GENERATOR CONTROLS.

The generator has its own over-voltage control
which disconnects the generator from the d-c
distribution system in the event of high genera-
tor voltage. This system of regulation contains
the voltage regulator, over-voltage relay, reverse
current relay, generator field control relay, gener-
ator warning light and its relay.

VOLTAGE REGULATOR. This unit maintains
the generator voltage at a predetermined value
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by automatically controlling the generator field
current.

OVER-VOLTAGE RELAY. If the generator
voltage rises above 31 volts, this relay auto-
matically energizes the generator field control
relay and warning light relay which causes the
generator to be cut out of the electrical circuit
and the warning light to glow.

REVERSE CURRENT RELAY. This relay pre-
vents the battery from discharging through the
generator whenever the generator voltage falls
below that of the battery.

GENERATOR FIELD CONTROL RELAY. This
relay works in conjunction with the over-voltage
relay. When the over-voltage relay is energized by
excessive generator voltage, it trips the field con-
trol relay which cuts the generator out of the
electrical circuit.

GENERATOR WARNING LIGHT AND RE-
LAY. These units are actuated by the over-
voltage relay when the generator is producing
excessive voltage. The warning light indicates
that the generator has been cut out of the elec-
trical system.

GENERATOR SWITCH. The generator switch
(figure 1-5) is on the console, and it has three
positions (ON, OFF, and RESET). After the
engme is started, the generator switch is placed
in the ON posxtlon To turn the generator off,
place the switch in the OFF position. If the
generator warning light, located on the over-
head panel, comes on, it indicates an over-voltage
or under-voltage condition. Hold the generator
switch in the RESET position momentarily
to reset the relays, then move the switch to
the ON position. If the warning light goes out,
the system has returned to normal. If the light
stays on, the generator is not functioning prop-
erly; the battery switch should then be placed in
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the EMERG position and the inverter switch in
the SPARE position. This disconnects all non-
essential equipment from the system but does
permit operation of the inverter, utility lights,
and the turn and bank indicator directly from
the battery. Refer to figure 1-11.

VOLTMETER.

The voltmeter is located in the upper left corner

of the overhead switch panel (figure 1-10). Its
purpose is to indicate voltage output of the
generator.

The voltmeter will read zero when the generator
switch is in the OFF position, as it is connected
to the generator side of the reverse current relay.

LOADMETER.

The loadmeter (figure 1-10) is adjacent to the
voltmeter in the overhead switch panel. This in-
strument records the percentage of amperes
being used by the system when the generator

switch is in the ON position. The loadmeter will
read zero when the generator switch is in the
OFF position as it is not connected to the emer-
gency system.

TRANSFORMER.

The transformer, consisting of many turns of
wire wound as a single coil, is connected to the
A-phase of the output from the inverters by
means of the inverter change-over relay. A wire
connected to a pre-calculated point on the wind-
ing supplies 26 volts a-¢ for the operation of the
magnosyn indicators and transmitters.

EXTERNAL POWER RECEPTACLE.

Provision is made for the use of external power
by means of a receptacle located just aft of the
main entrance door of the helicopter (22, figure
1-2). The external power unit plug must be fully
inserted so that the third prong makes a definite
contact. When the third prong makes contact, the
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external power unit relay in the helicopter is
energized and the power unit commences to sup-
ply electrical power to the main battery bus and
the emergency bus for distribution,

| WARNING I

The helicopter battery switch must be
OFF while external power unit is con-
nected.

Reversed polarity between the helicopter’s elec-
trical system and external power unit can result
in damage to electrical parts and may cause a
serious fire wherein the helicopter itself may
be endangered.

AUXILIARY POWER PLANT.

An auxiliary power plant is provided on some
helicopters to provide extra power for ground
operation and starting in cold weather when
operation is conducted away from the main base
of operation where no auxiliary equipment is
available. Refer to Section IV for information
on this unit.

A-C OPERATED INSTRUMENTS AND EQUIPMENT.
Refer to figure 1-11.

INVERTERS. '

The main and spare inverters (figure 1-11) are
located in the forward end of the engine com-
partment. Their function is to convert d-c to a-c
flow for the operation of certain instruments.

INVERTER SWITCH AND LIGHTS.

Note

The inverter switch should be kept in the
OFF position for a minimum of one
minute after external or internal power
is applied to allow the regulator tubes
within the inverter unit to warm up
properly.

A 3-position, OFF-MAIN-SPARE, switch (fig-
ure 1-5) on the console switch panel is used to
control inverter operation. Normally, the inverter
switch is kept in the MAIN position. For checking
the operation of the spare inverter, the switch is
placed in SPARE position. In the event of a main
inverter failure, indicated by its warning light be-
coming illuminated, the inverter change-over con-
trol will automatically disconnect the faulty main
inverter and connect the spare inverter into the
system. In the case of a generator failure, indi-
cated by its warning light becoming illuminated,
the battery switch should be placed in the EMERG
position and the inverter switch placed in the
SPARE position. This will cause the main in-
verter warning light to illuminate but does not
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mean that the main inverter is malfunctioning. If,
under the above conditions, the spare inverter
should fail, indicated by the NO AC warning
light, a-¢ power to the instruments can be made
available by placing the battery switch ON and
the inverter switch to MAIN. This connects all the
radio and electrical equipment directly to the
battery alone. All non-essential circuit breakers
should be pulled as soon as possible in order to
conserve battery power.

CIRCUIT BREAKERS.

The circuit breakers (figure 1-12) are on three
panels; one located on the left side of the console;
the second on the right side of the console; and
the third circuit breaker panel is above the aft
distribution box to the right of the entrance door.

FUSES.

The main fuse box (figure 1-12) is located on the
right side of the console. A single a-c fuse protect-
ing the B-TA amplifier of the J-2 compass and the
AN/ARN-14 is located in the a-c¢ junction box
mounted on the firewall above the fuel cell. Two
d-c fuses, one to protect the J-2 compass and the
other to protect the vertical gyro (if installed) are
located inside the aft distribution box. This box
(figure 1-12) is situated on the left side of the
helicopter just aft of the main entrance door.

HYDRAULIC POWER SUPPLY SYSTEM.

The hydraulic system (figure 1-13) is provided
for operation of the rescue hoist and the flight
controls. A hydraulie reservoir supplies both the
hoist and flight control systems, and one filter is
common to both return lines. The system includes
a hoist pump and a flight control pump, both
of which are driven by the forward transmis-
sion. The hoist and control systems both incorpo-
rate pressure relief valves, and the control sys-
tem includes a hydraulic boost control valve, a
by-pass valve, and a hydraulic pressure gage.
A solenoid operated 4-way valve and a flow con-
trol valve are part of the hoist system. See the
following paragraphs on this page for further
information on the Flight Control System. For
detailed information on the Rescue Hoist, see
Section IV.

FLIGHT CONTROL SYSTEM.

Basically, the helicopter is controlled by changing
the angle of the blades either collectively or indi-
vidually. The controls required to obtain these
changes include the cyclic stick, collective pitch
lever, directional pedals, and longitudinal trim
mechanism. The collective pitch control, direc-
tional control and cyclie control are hydraulically
operated to reduce the force necessary for dis-
placement. The hydraulic flight control system

19



Section | T.0. TH-21(Y)-1

.95 9

D-C fuses to protect the J-2

=3 Compass and the Vertical
E Gyro lif installed) are
" located inside.

Figure 1-12. [Sheet 1 of 2]

20

FUSE & CIRCUIT BREAKER PANELS

5
2




"USTTiOI
.

- LIGHT gy
? &

D

RDiCATp
U _"

ANDing

T

\ &
3% BY LY

T

T.0. TH-21(Y)-1

Figure 1-12. (Sheet 2 of 2)

Section |

21



Section |

senses the movement imparted to the cockpit
flight controls by the pilot. When the system is on,
the hydraulic pressure is 1000 psi, varying as the
controls are displaced. The valves and passages
within the four hydraulic actuators are so ar-
ranged that movement of the cockpit flight con-
trols will direct fluid, under pressure, to either
side of the actuator pistons (figure 1-13). These
pistons are linked to the lower flight controls and
position them to transfer movement to the upper
flight controls for the desired flight condition.
The controls can be operated and flight main-
tained with the hydraulic system off. Stronger
control stick forces will be necessary when the
system is off.

BOOST CONTROL VALVE AND PRESSURE GAGE.

The ON-OFF hydraulic boost control valve (12,
figure 1-4) and pressure gage (18, figure 1-4)
are located on the floor to the left of the pilot.
When the valve is turned to the ON position,
pressure will be indicated and the system will
operate with movement of any of the flight con-
trols. The slightest movement of the control will
operate the corresponding hydraulic actuator and
allow the pressure to move the actuator in the
desired direction.

ACCUMULATOR AND AIR PRESSURE GAGE.

The accumulator and air pressure gage (figure
1-13) are located below the cockpit flooring and,
therefore, are not visible to the pilot or co-pilot.
To check the amount of pressure in the accum-
ulator, the access panel on the underside of the
cockpit enclosure must be removed.

LONGITUDINAL CONTROL.

Acceleration and forward or aft flight are gained
by the fore and aft movement of the cyclic stick.
For example, if the cyclic stick is displaced in a
forward direction, the rotor plane of both the
forward and aft rotors will tilt forward and, at
the same time, the blade angles of the forward
rotors will decrease collectively while the blade
angles of the aft rotor will increase collectively.
This condition will place the helicopter in a nose-
down attitude for acceleration and forward flight.

LONGITUDINAL TRIM.

Movement of the stick positioner (24, figure 1-4)
on the console imposes a differential movement to
the forward and aft rotors so that the blade
angles of one rotor will decrease collectively
while the blade angles of the other rotor will in-
crease collectively. This action compensates for
variation of center of gravity location in the heli-
copter and positions the cyclic stick in a geo-
metrie neutral location longitudinally.

LATERAL CONTROL.

Sideward flight is gained by the lateral movement
of the cyclic stick, For example, if the cyclic
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stick is displaced to the right, the rotor plane of
both the forward and aft rotors will tilt to the
right. This condition will cause the helicopter to
roll to the right and to enter sideward flight in
that direction.

DIRECTIONAL CONTROL.

Rotation of the helicopter about its vertical axis
is gained by movement of the directional pedals.
For example, if the left pedal is displaced for-
ward, the forward rotor plane will tilt to the left
and the aft rotor plane will tilt to the right,
causing the helicopter to rotate to the left about
a vertical axis. The rotor plane of the forward
rotor always tilts in the direction of the pedal
used, to the left with left pedal, to the right with
right pedal.

CONTROL COORDINATION.

The controls are coordinated in any normal flight
maneuver to obtain the desired attitude of the
helicopter. For example, by applying lateral cyclic
stick and depressing a directional pedal while
hovering, the vertical axis turning point of the
helicopter can be moved to any desired point
between the two rotors.

TORQUE CONTROL.

Since the rotor blades turn in opposite directions,
no anti-torque control is necessary.

PILOTS' FLIGHT CONTROLS.

COLLECTIVE PITCH AND THROTTLE
CONTROLS.

These controls (figures 1-4 and 1-5) are located to
the left of each pilot. When the controls are in
the DOWN position, the rotor blades are in
minimum pitch. When the controls are in the UP
position, the rotor blades are in maximum pitch.
Only the pilot’s lever (figure 1-4) contains an
auxiliary switch bracket, down lock, and friction
lock. The auxiliary switch bracket contains the
landing light ON-OFF switch, the search light
control switch, the search light ON-OFF-
RETRACT switch, and the starter switch.

l WARNING I

Heavy “up stick” forces, with the rotors
in a static condition, can cause possible
injury to personnel or damage to the con-
trols. Refer to Section VII, Systems
Operation, for correct handling of these
controls under the condition noted above.

COLLECTIVE PITCH LEVER DOWN LOCK.
The down lock (figure 1-4) is located at the lower
end of the pilot’s throttle grip. To prevent unin-
tentional locking when the lever is in the extreme
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low position, the lock is spring-loaded to hold it
clear of the locking position. The lever may be
locked DOWN when in the extreme low position
by pulling aft on the lock and turning one-quarter
turn to the left. A quarter turn to the right will
unlock the lever. The lever should be locked down
before starting the engine and engaging the
rotors.

COLLECTIVE PITCH LEVER FRICTION CON-
TROL. A collar type friction device is located on
the pilot’s pitch lever (figure 1-4). The desired
amount of friction on the lever can be obtained by
turning the collar to the left for increase and to
the right for decrease.

CYCLIC CONTROL STICK.

The pilot’s and co-pilot’s cyclic sticks (10 and 29,
figure 1-4) are used to maintain lateral and
longitudinal control. The pilot’s eyclic stick grip
contains the hoist control switch, radio trans-
mitting switch, interphone control switch, and
the lateral, longitudinal, and directional control
centering device release switch. The co-pilot’s
cyclic stick is identical to the pilot’s except that
it has no hoist control switch.

STICK POSITIONER.

This control wheel (figure 1-4) is located to the
left of the mixture control. The control permits
the pilot or co-pilot to position the cyclic stick,
longitudinally, to compensate for various center
of gravity conditions so that full longitudinal con-
trol will be available at all times. An indicator
adjacent to the control wheel shows the direction
and amount of trim used. This is not a device for
eliminating control forces ‘which may be present
but serves as a longitudinal cyclic control posi-
tioner only. Nose-up trim provides more available
aft control displacement. Nose-down trim pro-
vides more available forward displacement.

LONGITUDINAL STICK POSITION INDICA-
TOR. This is provided on the right side of the
console to show the longitudinal position of the
eycelie control stick. (See figure 1-4.)

Note

Extreme care should be exercised to
avoid stepping on or Kicking the longi-
tudinal stick position indicator.

DIRECTIONAL CONTROL PEDALS.

Pedals, for directional control, are conventionally
located at the pilot’s feet. Toe brakes are provided
on the upper portion of the pilot’s pedals (figure
1-4). The co-pilot’s pedals have no toe brakes.
The pedals can be adjusted to suit the individual
pilot by releasing the lever on the pedal support.

CENTERING DEVICE RELEASE.

This unit is composed of spring-loaded rods
linked to the flight controls to hold them in a
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force-free position about neutral. They give the
pilot a “feel” for the neutral control position.
Electric actuators, operable from the cockpit,
provide for adjustment of centering springs in
flight. This enables the pilot to alter the force-
free neutral position of a control.

CENTERING DEVICE RELEASE SWITCH.
The centering device release switch is located on
the cyclic stick (figure 1-4). To neutralize the
eyclie and directional forces in any desired posi-
tion, first position the control, then press the
centering device release switch.

As an alternate method of operation in helicop-
ters where stronger centering springs are in-
stalled, allow the flight controls to assume the
spring neutral position. Press the centering device
release switch and move the flight controls to the
desired position, then release the centering device
release switch.

COLLECTIVE PITCH LEVER BUNGEE.
Two ground-adjustable collective pitch bungees
provided in this helicopter will cause the collec-
tive pitch lever to balance when in cruising flight
with the hydraulic system inoperative. The first,
for the forward rotor, is located above the heater
ducting opposite the rescue door. The second, for
the aft rotor, is located overhead in the engine
accessory section. The same ground adjustments
must be made to both bungees.

LONGITUDINAL BUNGEE.

The purpose of the longitudinal bungee is to assist
in equalizing unbalanced longitudinal stick forces
when the cyclic control stick is held in any longi-
tudinal position during flight operation. When
the stick is moved away from HOVER, the com-
pressed spring will add a force in the direction
of movement thereby assisting the pilot.

The assembly is located under the cabin flooring
just aft of the cockpit and is attached to the lower
flight controls. The bungee can be adjusted on
the ground to a desired position. It is normally
adjusted so that zero force is applied when at
HOVER on the longitudinal stick position
indicator.

When bungee action is not required, only the
longjtudinal bungee assembly and long link are
installed in each helicopter. The remaining rod
and short link are included in the fly-away equip-
ment. When bungee action is required, the rod
along with either the long or the short link is
installed and the remaining link is included with
the fly-away equipment. Starting with helicopter
serial number 51-15258 and subsequent, a nota-
tion will be made in Part II and Part III of
form DD-781 as to which longitudinal bungee
configuration has been incorporated.
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LANDING GEAR SYSTEM.

The helicopter is equipped with fixed tricycle
type landing gear. The nose wheel gear consists
of a swivel type oleo strut equipped with a
shimmy damper and a mechanical swivel lock.
The swivel lock is controlled by a handle located
on the right side of the co-pilot’s seat (19, figure
1-4). The nose wheel is locked when the handle
is in the raised position. The model YH-21 main
landing gear consists of three assemblies: an oleo
(air and oil) strut, a welded V-strut and wheel
fork, and a wheel and tire assembly. The nose
gear consists of an oleo (air and oil) strut and
wheel fork, a welded V-strut, and a wheel and
tire assembly. The nose and main gear shock
struts should be checked for proper extension.
(See figures 2-1 and 9-1.)

The model H-21A main and nose gear is of lighter
construction than the YH-21 gear. The strut
assemblies are bolted together for ease of mainte-
nance. The main landing gear does not incorpo-
rate the wheel fork assembly.

FLOTATION EQUIPMENT.

Provisions for do-nut type flotation equipment
are installed on models YH-21 and H-21A. The
flotation equipment, including inflating mecha-
nism, is available separately in kit form. For
information on inflating procedure, refer to Sec-
tion VII, Systems Operation. For information on
flight characteristics with flotation equipment,
refer to Section VI,

BRAKE SYSTEM.

Hydraulic brakes are installed on the main wheels
of the landing gear and are a self-contained
system. No brake is provided for the nose wheel.

WARNING

Do not pump the broke pedals when parking helicopter.
Excessive pressure can rupture the lines or blow the brake
plungers of the wheel brake system.
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Braking action is obtained on each main wheel
by pressing the corresponding toe brake on the
pilot’s directional pedals. When both toe brakes
are pressed simultaneously and the parking
brake handle, located on the floor at the pilot’s
right (13, figure 1-4) is pulled up, the main wheel
parking brakes are locked on. To release the
brakes, the button should be depressed and the
handle pushed down.

INSTRUMENTS—FLIGHT.

The pilot’s instruments are mounted on a. single
panel located on top of the console. (See figure
1-7.) The flight instruments are located in front
of the pilot and the engine instruments are
grouped in the center above the console. A pri-
mary group of flight instruments is located on
the left side of the panel for the convenience of
the co-pilot. All instruments are front mounted
and have individual light shields. Since the engine
and transmission instruments have been dis-
cussed previously, this text will cover only the
remaining instruments with which the pilot
should be familiar.

AIRSPEED INDICATORS.

Two identical airspeed indicators (5 and 8, figure
1-7) are mounted on the instrument panel. One is
located on the extreme upper left side and one
is located in the upper central section of the
panel. Pressure differences introduced into these
instruments through the pitot static system cause
them to register air speeds in knots. A conven-
tional pitot static tube with the statie ports in
the pitot head (figure 4-4) is located on the
underside of the cockpit enclosure,

ALTIMETER.

The altimeter (19, figure 1-7) is located centrally
on the extreme right side of the instrument
panel. This instrument registers height above
sea level in thousands of feet and is actuated by
static air in the pitot static system.

. WARNING I

As operation of the airspeed indicator,
altimeter and rate of climb indicator are
dependent upon the pitot static system,
the pitot static head located below the
nose enclosure should be covered dur-
ing inactive periods to prevent moisture
or dirt from entering the system.

RATE OF CLIMB INDICATOR.

The rate of climb indicator (18, figure 1-7) located
on the instrument panel to the left of the al-
timeter registers ascent and descent in feet per
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minute. This instrument is actuated by changing
air density whjch is brought into the instrument
through the pitot static system.

TURN AND BANK INDICATOR.

The turn and bank indicator (31, figure 1-7) is lo-
cated in the lower right corner of the instrument
panel. This instrument is controlled by an
electrically-actuated gyro.

ATTITUDE GYRO.

The attitude gyro (6, figure 1-7) is located in the
upper section of the instrument panel above the
rate of climb indicator. This instrument, actuated
by an electrically-driven gyro, provides the pilot
with a visual indication of the attitude of the
helicopter relative to the face of the earth.

i P P P

¢ CAUTION 2

Since an error in attitude within stated
limits can be introduced into this instru-
ment when performing normal turns,
caging of this gyro should be kept to a
minimum and accomplished only when
the helicopter is in straight and level
flight. Do not pull the caging knob
violently.

GYRO MAGNETIC COMPASS.

The gyro magnetic compass (7, figure 1-7) is lo-
cated in the extreme upper right-hand corner of
the instrument panel. This unit may be used as a
directional gyro or it may be “slaved” to the
remote transmitter control unit by a two-position,
IN-OUT, switch located just below it. When the
switch is in the IN position, the remote trans-
mitter is in operation. This picks up the lines of
force from the earth’s magnetic field and trans-
mits these signals to the gyro causing it to follow
these signals. The switch in the OUT position dis-
connects the transmitter from the system and
the electrically-actuated gyro detects movement
about the vertical axis of the helicopter.

CLOCK.

The clock (30, figure 1-7) is located just below the
altimeter. This is a manually wound, eight-day
clock with a sweep second hand.

STANDBY COMPASS.

The standby compass (5, figure 1-4), located cen-
trally on the framework of the nose enclosure, is
a direct reading type. It is composed of a compass
card mounted on a magnetic element in a liquid
filled bowl.

FREE-AIR THERMOMETER.

The free-air thermometer (2, figure 1-4) is lo-
cated in the windshield adjacent to the central rib.
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EMERGENCY EQUIPMENT.

FIRE DETECTOR WARNING SYSTEM.

Eighteen fire detectors are strategically placed
around the engine, fuel cell, oil tank and trans-
mission oil coolers. In the event of excessive heat
from any of these sources, the fire warning light
(figures 1-10 and 3-4), located on the overhead
panel, will illuminate.

A test switch is also located in the overhead
switch panel. Holding the test switch on fur-
nishes a current which heats the thermocouple
element in the thermal test unit. If there is con-
tinuity through all parts of the detector circuit,
including the detector thermocouples, the output
of the thermal test unit will close the sensitive
relay and cause the light to come on. Do not hold
the test switch on for more than 15 seconds. If a
warning has not been indicated in that time, the
circuits should be checked for trouble.

Next to the warning light is the fluids shut-off
switch with a NORMAL and a SHUT-OFF posi-
tion. In the event of a fire, the switch is placed in
the SHUT-OFF position which will stop the flow
of fuel and engine oil.

FIRE EXTINGUISHERS.

HAND PORTABLE.

Two A-20 fire extinguishers (figure 3-6) are pro-
vided, one behind the pilot’s seat, the other for-
ward of the cabin aft bulkhead, on the right side.
Each extinguisher is filled with one quart of
bromochloromethane, referred to as CB. There is
a gage indicating 300 pounds with a usable pres-
sure above 150 pounds marked in green. Anytime
the gage shows below 150 pounds (when corrected
to T0°F) the extinguisher should be recharged.

| WARNING I

Repeated or prolonged exposure to high
concentrations of bromochloromethane
(CB) should be avoided. CB is a nar-
cotic agent of moderate intensity but of
prolonged duration. It is considered to
be less toxic than carbon tetrachloride,
methyl bromide, carbon dioxide or the
usual products of combustion. In other
words, it is safer to use than previous
fire extinguishing agents. However,
when using CB, normal precautions
should be taken including the use of
oxygen when available.

ENGINE.
There is no engine fire extinguishing system
installed on these helicopters.
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FIRST AID KITS.

One first aid kit (figure 3-6) is located on the
cockpit bulkhead behind and to the left of the
co-pilot. Two others are located in the cabin, one
on each side.

LIFE RAFTS.

A six-man life raft (figure 3-6) can be stowed
across from the entrance door or across from the
rescue door. The pilot’s and co-pilot’s seats can
each contain a one-man life raft.

EMERGENCY EXITS.

Providing emergency exits from the helicopter
are the main entrance door, located at the left
aft end of the cabin; the rescue door, forward and
on the right side of the cabin; the pilot’s and
co-pilot’s windows, and two overhead panels. (See

figure 3-5.) Both doors have emergency release
handles and plastic knockout panels. Both doors
may be jettisoned by pulling the emergency
handle located beside each door. The pilot’s and
co-pilot’s windows can be jettisoned by pulling
the jettison handle which is located at the top of
each window. Two removable panels are provided
in the ‘top of the cabin for emergency exit after
the rotors have stopped turning. These panels
can be removed by pulling the tabs and pushing
out.

DOORS' AND WINDOWS.

WINDOWS.

The pilots’ cockpit (figure 1-4) is made up of
plexiglas panels supported on structural frames.
A laminated glass panel located on the right
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side provides the pilot clearer vision and a
scratch-proof surface for the windshield wiper.
The sliding window panels, located on each side
of the cockpit, provide emergency exits for the
pilot and co-pilot. A window panel can be jetti-
soned by pulling the emergency handle (figure
3-5). This turns a cam assembly attached to the
window tracks. The cam thrusts the track for-
ward off its tapered mounting pins allowing the
window to fall free. The windows are normally
operated by depressing the trigger located at the
forward lower corner of the window and by pull-
ing back on the handle located above the trigger.

CABIN AND RESCUE DOORS.

The main entrance door (24, figure 1-2) is located
at the center of the left side of the fuselage. The
rescue door is located forward on the right side
and just aft of the cockpit, and is open during

T.0. 1H-21(Y)-1

rescue operations. Both doors contain plexiglas
knockout panels for emergency escape. The doors
are suspended from slotted tubular tracks bolted
to the outside of the fuselage. The doors are on
roller assemblies and may be secured in open or
closed position. Either door may be jettisoned by
pulling the emergency handle located at the right
of each door. The handle turns a cam assembly
forcing the door tracks forward and off their at-
tachments. This permits the entire door assembly
to fall free.

ENGINE HATCH DOORS.

There are two engine hatch doors (19, figure 1-2)
located aft of the main landing gear on both
lower sides of the fuselage. Do not operate engine
and engage clutch with the engine hatch doors
removed since they are structural members.

- SERVICING DIAGRAM

AFT TRANSMISSION

MID TRANSMISSION

ENGINE OIL TANK

S PECIF

ENGINE OIL: MIL-L-6082, grade 1100
(Dilute below 5°C)

TRANSMISSION OIL:
Above —|°C MIL-L-6082, grade 1100
+38° to —12°C MIL-L-4082, grade 1065
—12° to —54°C MIL-L-7808

FUEL CELL

FORWARD TRANSMISSION

HYDRAULIC RESERVOIR

N

BATTERY "? TOE BRAKES

CATIONS

HYDRAULIC OIL: MIL-O-5606

FUEL: MIL-F-5572
Recommended grade 100/130

AUXILIARY POWER
PLANT LUBRICANT: MIL-L-8383
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SEATS.

PILOTS' SEATS.

The pilot and co-pilot seats (figure 1-14) are ad-
justable through five inches, vertically only. The
adjustment control is located on the right aft side
of each seat.

SAFETY BELTS.

Pilot and co-pilot seats have adjustable safety
belts.

SHOULDER HARNESS INERTIA REEL.

The pilot and co-pilot seats each have a shoulder
harness with an inertia reel (figure 1-14), which
allows freedom of movement when unlocked, and
prevents the pilot from leaning forward when
locked. A handle with LOCKED and RELEASED
positioning is located at the left forward corner
of each pilot’s seat. A latch is provided for posi-
tive retention of the handle at either position of
the quadrant. By pressing down on the top of the
handle, the latch is released and the handle may
then be moved freely from one position to the
other. When the handle is in the RELEASED
position, the reel harness cable will extend to al-
low freedom of movement, however, the reel will
automatically lock when an impact force of 2 to
3g is encountered. When the reel is locked in this
manner it will stay locked until the handle is

Section |

moved to the LOCKED position, and then re-
turned to the RELEASED position. When the
handle is in the LOCKED position, the harness
cable is manually locked and the crewmember is
prevented from bending forward.

l WARNING I

The LOCKED position is used during
landings and take-offs and when a crash
landing is anticipated. This position
provides an added safety precaution
over and above that of the automatic
safety lock.

AUXILIARY EQUIPMENT.

The auxiliary equipment in the following list is
described fully in Section IV.

Heating and Defrosting System
De-Icing System
Ventilation System

. Communications Equipment
Auxiliary Power Plant
Lighting System
Rescue Hoist System
Cargo and Troop Carrying Equipment
Miscellaneous Equipment
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PREPARATION FOR FLIGHT.

FLIGHT RESTRICTIONS.

Refer to Section V for flight limitations and
restrictions imposed on the helicopter.

FLIGHT PLANNING.

All data necessary to fly an operational mission
will besfound in Appendix I. The Appendix in-
cludes information on airspeeds, power settings,
and fuel consumption of the helicopter at various
gross weights,
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Flight Characteristics .. ...vovvivivviniaiiaaviva 41
Systems Operation .opeiiaaiammiaiaina o 41
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Pre-Traffic Pattern Check .....ouviivsinvenmrssiees 41
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Approach and Landing .........o0eiiiiiirinnnnnns 41
Go-Around if Landing is Not Completed ......... 44
Afber Lamding: i ce v e w iy 44
Postflight Engine Check ......o0iviiiiinnnnninnn. 44
Stopping of Engine and Rotors . ............ .00 44A
Before Exit from Helicopter ...........covvvvuvnn. 44A
After Exit from Helicopter .......ovvvviieennnennn 44A

WEIGHT AND BALANCE.

1. Refer to Handbook of Weight and Balance
Data, T.O. 1-1B-40, for loading information.

2. Check take-off and anticipated landing gross
weight and balance.

3. Refer to Appendix I to determine weight of
fuel and oil, and other related factors incident to
the mission to be performed.

4, Check weight and balance clearance (Form
F).

5. For weight limitations information, refer to
Section V.
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FOLLOWING ITEMS:

LEFT FORWARD FUSELAGE

Skin for dents, wrinkles, loose or missing rivets.
Transparent plastic enclosure for cracks, loose-
ness, and cleanliness.

Work platform stowed.

NOSE SECTION

Pitot static and cockpit covers and rigging pins
removed.

Sliding windows for binding.

Transparent plastic enclosure beneath brake
cylinders for traces of leakage.

Wiper blades for presence of oil.

Air-oil shock strut for cleanliness and proper
inflation (2-11/16 inches from gland nut to top
of oleo).

Tires for inflation, cuts, slippage, and blisters.
FORWARD ROTOR

Rotor head and blades for damage and
security. (Disengage clutch when checking
rotors to facilitate turning.)

Index marks on forward and aft rotors to deter-
mine if blades are properly phased.

Fpewoanr oT4a

o
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RESCUE DOOR & RIGHT FORWARD
FUSELAGE

Rescue door (from ground).

Transparent plastic window for cracks, loose-
ness, and cleanliness.

Work platform stowed.

Skin for dents, wrinkles, loose or missing rivets.
RIGHT AFT FUSELAGE

Air inlet screen for damage or obstructions.
Fuel quantity (with locally-manufactured dip-
stick, 3 available).

Fuel and oil caps for security.

Access doors for secure closure.

Air-oil shock strut for cleanliness and proper
inflation (1-11/16 inches from the gland nut to
red band).

Braking disc for scoring and discoloration.
Tire for inflation, cuts, slippage, and blisters.
Float rigger for pressure leaks (if equipped with
floats).

AFT ROTOR

Rotor head and blades for damage and
security. (Disengage clutch when checking
rotors to facilitate turning.)

Index marks on forward and aft rotors to deter-
mine if blades are properly phased.

Figure 2-1.(Sheet 1 of 2]
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7 EMPENNAGE & ENGINE ACCESSORY
SECTION

a. Horizontal and vertical stabilizers for damage

ammmamraawel EXTERIOR INSPECTION

wiring, tools, rags, etc.
8 LEFT AFT FUSELAGE
a. Airinlet screen for damage or obstructions.
b. Access doors for secure closure.
c
d
e

Tire for inflation, cuts, slippage, and blisters.
Braking disc for scoring or discoloration.

Air-oil shock strut for cleanliness and proper
inflation (1-11/16 inches from gland nut to red

band).

f. Float rigger for pressure leaks (if equipped with
floats).

9 ENTRANCE

a. Cabin door for smoothness of operation and
proper closure.

GENERAL INSPECTION

a. While approaching helicopter from a distance, view it

critically for over-all appearance. Ascertain that rotor

Helicopter aperafion with the blades out- covers are removed, blades are phased and clear of
i obstructions.

of-phase will cause damage to the blades R d oth

and possible injury fo personnel. Make . eck radio antennas and other protuberances for dam-

age and positioning.
:;;:n::::;h:nrlic;:;ir:n pl:{:i:erff:}:: c. Look underneath the helicopter for evidence of fuel, oil, and

Yiide chisma % t of the dri hydraulic leaks.
ade phasing if any part of the drive 4 Beiine ol X di —_— .
shafting has been disconnected. e ol GRCess. grédse i FAmOved from Rictatian squip

ment as it will deteriorate the fabric.

Figure 2-1,[Sheet 2 of 2]
33



Section Il

Note

A balance computer is not required for
this helicopter.

ENTRANCE TO THE HELICOPTER.

Entrance to the helicopter is gained through the
cabin doorway located centrally on the left side
of the fuselage (figure 2-1). The door and latch
are accessible from the ground. The cockpit is
reached by proceeding forward through the cabin
area (figure 1-2). Alternate entrance may be
effected through the rescue doorway.

BEFORE EXTERIOR INSPECTION.
This check covers those items that would directly
affect the safety of personnel making an exterior
inspection. Check the following items:
. Ignition switch: OFF.
. Throttle: CLOSED.
. Mixture control lever: IDLE CUT-OFF.
. Fuel booster pump switch: OFF.
Battery switch: OFF.
. Collectivepitchlever: DOWN and LOCKED.
. Friction clutch switch: ENGAGE (as ro-
tor parking brake. Battery switch must be ON
to operate).

8. Parking brake lever: ON.

9. Nose wheel handle: LOCKED.

EXTERIOR INSPECTION.

Consult USAF DD-781 for engineering status
and make sure the helicopter has been properly
serviced. See figure 2-1 for complete inspection.

INTERIOR INSPECTION (ALL FLIGHTS).
Inspect interior of the helicopter for loose equip-
ment and see that all baggage and cargo are prop-
erly secured. Check cabin and cockpit fire extin-
guishers for security -and pressure.

INTERIOR INSPECTION (NIGHT FLIGHTS).

The helicopter is equipped with instrument, navi-
gation and landing lights for night flying opera-
tions. Items noted must be checked in addition
to those listed in Interior Check (All Flights) :

=10 U W~

1. Instrument lights: Check.
2. Navigation lights: Check.
3. Landing light: Check.

4. Retracting and rotating search light: Check
with the aid of ground crew and with external
electrical power connected or after the engine is
operating.

Before take-off, position light forward so that it
can again be illuminated and quickly utilized for
approach and landing.

5. Flashlight: Check.

34
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BEFORE STARTING ENGINE.

INITIAL CHECK.
1. Seat: Adjust to comfortable level.
2. Safety belt and shoulder harness:
3. Inertia reel: Check for operation.
4. Directional pedals: Adjust to comfortable
position.
5. Flight controls: Check for freedom of
movement and correct range of travel; set in
neutral.

Fasten.

P P e
W

¢ d
¢ CAUTION

Excessive pressures with any of the
control locks or pitch locks in ‘place
can cause bending of control push rods.

6. Collective pitch lever: DOWN and
LOCKED.

7. Throttle: CLOSED.

8. Nose wheel handle: UNLOCKED.

9. Parking brake lever: ON,

CONSOLE CHECK.

1. External power: Check (connected).

‘ WARNING I

The battery switch must be OFF before
connecting the external power source.

2. Circuit breakers: In.

3. Radio switches: OFF.

4. Centering springs switch:
operation; set in neutral.

5. Longitudinal stick positioner:
(check operation).

6. Mixture control lever: IDLE CUT-OFF.

7. Carburetor heat control lever: COLD.

8. Inverter switch: SPARE. (After approxi-
mately three minutes, change to MAIN.)

9. Generator switch: Check ON.

10. Battery switch: OFF. (Leave battery
switch off until the engine is running smoothly
and the external power unit is disconnected. Place
switch on when external power is not in use.)

11. Clutch: Visually check for proper friction
and jaw operation. (Refer to Section VII.)

12, Friction switch: DISENGAGE
warning light out).

13. Supercharger switch: LOW.

14. Fuel booster pump switch: OFF.

15. Fuel quantity test switch. TEST. (Needle
rotates and should return to original position
when switch is released.)

Check for

ZERO

(with

—
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16. Ignition switch: OFF.

17. Warning lights: Press to test lights.
Check console, instrument panel and overhead
switch panel.

OVERHEAD SWITCH PANEL.
1. Fire warning light switch:
system.

2. Engine fluids switch: NORMAL.
Pitot heat switch: OFF.

Hoist switch: OFF.

. Heater switch: OFF.

. Blower switch: OFF.

. Navigation lights switch: OFF.

. Instrument lights switch: OFF.

. Cockpit lights switch: OFF.

Press to test

© 0o 1o U e W

STARTING ENGINE.

CHECK FOR HYDRAULIC LOCK.

If the engine has been shut down for any
period of time, clearing the engine must be
accomplished by pressing the starter switch
intermittently for periods not exceeding four
to five seconds until engine turns freely. If
hydraulic lock is present, the starter low torque
clutch will slip and the engine will not
turn over. If this occurs, or, if the engine
seems to turn through with difficulty, have the
spark plugs removed from the lower cylinders,
and drain all liquid by ecranking the engine
through a minimum of two revolutions.

STARTING PROCEDURE.

CAUTION

Engine operation or clutch engagement with the engine
hatch doors removed is prohibited, as these doors are
structural members.

1. Fuel booster pump switch:
checking LOW position).

2. Throttle: CLOSED.

3. Starter switch: ENGAGE.

HIGH (after

Section 1l

re T wwen
W

¢ CAUTION §

It is possible to engage the starter with
the clutch engaged in either friction or
jaw with resultant damage to the rotor
system. The pilot should check to ascer-
tain that the clutch switches are in DIS-
ENGAGE before attempting to start the
engine.

4. Ignition switch:
turned two revolutions).

5. Primer switch: ON (as necessary when
engine is turning over).

BOTH (after engine has

................. ,
¢ CAUTION §

P
LA A A A A o s

Do not use primer until engine has
turned over for approximately three
seconds. This forestalls possibility of
raw fuel causing hydraulic lock in the
lower cylinders.

6. Mixture control lever: IDLE CUT-OFF
(move to RICH when the engine is running
smoothly on the prime. Continue to operate the
prime intermittently as necessary).

Note

Should the engine fail to start within 30
seconds, let the starter cool for two min-
utes, then repeat the starting procedure.

For instructions on procedure in event of fire,
refer to Engine Fire, Section III.

7. Throttle: Reset for 1200 rpm.

T YYwTwTw.
LA A e A a a a a

¢ CAUTION

With the clutch disengaged, the throttle
is extremely sensitive. If held open, it
will cause excessive engine speed while
the engine is still cold.

8. Manifold pressure purge valve:
(to purge with engine at idling speed).

9. Battery switch: ON (after external power
is disconnected).

10. Oil pressure and temperature: Check.
Stop engine if the oil pressure does not register
within 10 seconds or reach 40 psi within 20
seconds.

PUSH

ENGINE GROUND OPERATION.

Note

All engine ground operations should be
accomplished using RICH mixture.
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ENGINE WARM-UP.

Warm up engine by operating between 1200 and
1400 rpm. This speed will provide smoothest op-
eration of engine while the lubricating oil is cold.
After the engine oil temperature rises 6°C
above the prestart temperature, the oil is then
warm enough to make performance checks and
take-off.

Note

If oil dilution has been used, check oil
supply after thorough warm-up.

IGNITION SWITCH CHECK.

After engine warm-up and prior to engaging
rotors, check the ignition switch for proper con-
nection of ground wire. Idle the engine on BOTH
magnetos at approximately 1000 rpm. Turn the
ignition switch OFF momentarily and observe if
the engine stops firing. If it stops firing, and it
should, return the ignition switch to BOTH posi-
tion. Make this check as quickly as possible to
prevent engine backfire when the switch is re-
turned to BOTH.

B B e

¢ CAUTION §
If wviolent backfiring occurs during
ground run of the engine, a shutdown
must be made to inspect the engine,
induction system, and accessory section
for damage.

ENGINE IDLE SPEED CHECK,
Idles at 1000 rpm with closed throttle.

STARTING ROTORS.

i B B i

3 CAUTION §

Rotor engagement must not be attempted
when the clutch warning light is already
on. Under this condition, the cluteh will
travel immediately into the jaw position
instead of starting friction engagement.
Damage to the rotor system, the same
as during any other premature jaw
clutch engagement, will result.

A qualified helicopter pilot or a qualified crew
chief will be at the controls when the rotors are
engaged. No minimum warm-up of.the engine is
required before rotor engagement, nor is there
any time restriction on running the engine with
the rotors disengaged ; however, the engine should
be running smoothly and the helicopter headed
into the wind. Refer to figure 2-2 for the rotor
blade clearance.

1. Parking brake lever: ON.

2. Nose wheel handle: UNLOCKED.

3. Throttle: Set to 1100-1200 rpm.

4. Collective pitchlever: DOWN and LOCKED.

5. Cyeclic stick and directional pedals: Neutral.

6. Rotors: ENGAGE (refer to Section VII
for procedure). )

7. Transmission pressure: Check. If no pres-
sure is indicated, shut down and determine cause.

BEFORE TAXIING.

1. Hydraulic pressure control valve: ON.
(Check pressure 1000 psi. Operate the hydraulic
flight controls for proper response in all diree-
tions.)

2. Generator output: Check for 28-1/2 volts
with warning light out (above 1250 engine rpm).

3. Battery Switch: Place in EMERG posi-
tion and functionally check proper operation of
emergency electrical equipment. (See BATTERY
SWITCH, Section 1.)

Note

When the battery switch is placed in
the EMERG position, a momentary loss
of a-c power will occur until the spare
inverter completes its automatic start-
ing cycle,

4. Carburetor heat control lever: Check tem-
perature within limits. Refer to Section V.

5. Supercharger control operation: Check.
a. Throttle: Advance until engine speed
reaches 1600 rpm.

A
W

$ CAUTION §

Do not repeat the supercharger clutch
shift check at less than five minute
intervals. Extreme heat is created with-
in the cluteh during the shift.

b. Supercharger switch: HIGH (a mo-
mentary decrease in engine oil pressure
indicates blower shift).

¢. Collectiveé pitch and throttle: Increase
to obtain 25 inches Hg manifold pres-
sure and 2300 rpm.

d. Supercharger switch: LOW (sudden
decrease in manifold pressure and in-
crease in rpm indicates that the two-
speed mechanism is working properly).

6. Ignition system: -Check as follows at a
power setting of 25 inches Hg and 2300 rpm:

a. Place the switch in the L position and
observe rpm drop.

b. Return the switch to the BOTH position
to stabilize rpm.

Revised 1 May 1956
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¢. Place the switech in the R position and
observe rpm drop.

d. Return the switch to BOTH position. A
drop of 100 rpm or less when operating
on one magneto is satisfactory, provid-
ing there is no engine roughness.

7. Transmission temperature: Check within
limits. Refer to Section V.

8. Transmission pressure:
limits. Refer to Section V.

9. Jaw clutch: Check for overrunning action
of the jaw clutch after the ignition system
check. With the engine at 2300 rpm and the
blades in minimum pitch, close the throttle just
enough to desynchronize (split) the tachometer
needles to indicate overrunning action. Synchro-
nize engine and rotor speed and reduce both
to the desired range for continuance of ground
testing.

Check within

PAAAAAAAAN,

§ CAUTION )

Do not take off if clutch does not over-
run freely, as autorotation would be im-
possible. If the clutch does not overrun,
it is an indication that the clutch is in
full friction and not jaw.

10. Engine accessories: Check with the col-
lective pitch lever DOWN and LOCKED and the
engine operating between 1500 and 1800 rpm:

a. Fuel pressure: Check within green line
on pressure gage, This check should be
made with the fuel booster pump switch
in HIGH, LOW and OFF positions.

b. Engine oil pressure: Check within
green line on pressure gage. When ex-
tremely cold temperatures are encoun-
tered, a stabilized oil pressure of 756 +5
psi at 1800 rpm with a 6°C rise in oil
temperature is satisfactory.

c. Engine oil temperature: Check. High
range of green line on temperature gage
is desired; red line on gage is maximum;
no minimum oil temperature required
for take-off provided a rise of 6°C above
the pre-start temperature has occurred
with stabilized pressure.

d. Cylinder head temperature: Check. No
minimum required for take-off, provid-
ing the engine will accelerate properly
without backfire.

e. Carbuyetor air:
perature.

f. Dual tachometer: Check that engine
and rotor needles coincide. Spread of the

Revised 1 May 1956

Check for desired tem-
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needles, unless clutch is overrunning,
indicates a faulty instrument and should
be checked before take-off.
11. Radio switch: ON. (Check squelch and
sensitivity. Controls checked for operation. See
Section 1V.)

12. Instruments: Check that they respond
correctly through various ranges of power and
are free from undue fluctuation.

13. Compass: Check that readings are con-
sistent with heading of helicopter.

14. Wheel chocks: Removed.

TAXIING.

Thrust to move forward, rearward, or to turn
is obtained from the rotor system. Use the cyclic
stick for fore, aft, and lateral control; use the
pedals for directional control. It is not necessary
to use wheel brakes for control when taxiing.

NOTE
Fly, don't taxi over rough terrain.

PROCEDURE.

1. At an engine speed of 2000-2300 rpm, with
the nose wheel unlocked and the brakes released,
increase collective pitch to obtain approximately
20-23 inches Hg manifold pressure.

2. Use pitch control and displacement of the
eyelic stick to control speed.

A
WA

4
3 CAUTION $

Care should be taken to prevent the
blades from hitting the droop stops. This
can be recognized by a heavy thumping
noise and strong vibration throughout
the fuselage and console.

36A
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ROTOR BLADE
CLEARANCE

TURNING
RADII

ITEM ROTOR BLADE ATTITUDE YH-21 H-21A |

A | A#t Blades Coned (FLIGHT) 18.50 + | 18.00 ft |

B Fwd Blades Coned (FLIGHT) 1650 ft | 16.48 # |

C | A# Blades Level (IDLING) 15.66 4 | 15.16 f | S R e
D | Fwd Blades Level (IDLING) 1377 f | 1375 #t |

E | Aft Blades Drooped (STATIC) 1303 # | 1263 # i VERTICAL

F | Fwd Blades Drooped [STATIC) 125 # | 1122 # | ~ CLEARANCES

7

Figure 2-2 37
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3. To slow or stop the helicopter, displace the
eyclic stick rearward and, at the same time, in-
crease collective pitch and rotor rpm. Here again,
care should be taken to prevent the blades from
hitting the droop stops. When the helicopter
stops, return cyclic stick to neutral and reduce
collective pitch and engine rpm. Brakes are nor-
mally used for slow-speed taxiing in conjunction
with eyclic controls.

4. When taxiing or turning in strong cross-
winds, caution must be used. Should a rolling-
over tendency be noticed, the helicopter must
be airborne immediately. The best practice is to
keep the cyclic stick into the wind and maintain
a high rotor rpm in order that take-off power
may be applied more rapidly.

TAXIING WITH FLOATS.

Lock the nose wheel for all operations with floats
to prevent the nose wheel float from turning. See
Section V for limitations and Section VI for
flight characteristics.

IMMEDIATELY BEFORE TAKE-OFF.

1. Nose wheel handle: UNLOCKED.
2. Controls: Check for freedom and correct
movement.
3. Longitudinal stick positioner:
take-off ).
4. Attitude gyro:
horizon).
5. Gyro magnetic compass switch:
position.
6. Altimeter: SET (adjust as required).
7. Hatches: Closed.
8. Cabin heater switch: As desired.
9. Fuel booster pump switch: HIGH.
10. Mixture control lever: RICH.

ZERO (for
PULL (caging knob to set

Desired

11. Crew: Alerted and ready for take-off.
12. Shoulder harness: LOCKED.
Note

The inertia reel will lock under a for-
ward impact acceleration of 2 to 3g.
However, in a helicopter where flight on
take-off can be sideward or rearward, as
well as forward, the inertia reel cannot
function as a safety measure under all
of these conditions. Therefore, it is
recommended that it be placed in the
LOCKED position before take-off.

13. Hydraulic pressure gage: Check within
prescribed limits.
14. Area: Check clear for take-off.

15. Parking brake lever: OFF.
38 *
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NORMAL TAKE-OFF.

EMERGENCIES DURING TAKE-OFF.
Refer to Section 111.

CONTROL FORCES CHECK.
Perform control forces check peculiar to the heli-
copter as deseribed in Section VI.

THROTTLE AND COLLECTIVE PITCH
OPERATION.

With the collective pitch lever in the minimum
pitech position and unlocked, increase throttle
until engine is operating at 2500 rpm. Increase
collective piteh until the helicopter is airborne.
If the throttle and collective pitch synchroniza-
tion is not perfect, small adjustments of the
throttle may be necessary to prevent changes in
rpm as piteh is increased. Refer to the Appendix
for information on take-off power settings for
various conditions and gross weights.

Note

Check engine fuel and oil pressures,
transmission pressures and tempera-
tures while in hovering flight immedi-
ately after leaving the ground.

TAKE-OFF TO HOVERING POSITION.

Attention should be given to keeping the heli-
copter steady as it leaves the ground. If practical,
take-off should be made with the helicopter
headed into the wind. When cross-wind take-off
is made, drift and weather-vaning tendencies will
be evident. When a cross-wind take-off is made,
attention must be given to correcting the above
tendencies. As soon as the rotors begin to lift,
increase the collective pitch steadily until the
helicopter leaves the ground. This will minimize
the possibility of the occurrence of ground reso-
nance (refer to Section VI for explanation).

\ WARNING I

Whenever airborne, tighten the friction
lock on the collective pitch lever before
turning the hydraulic flight control
system on,

HOVERING.
The helicopter may be hovered with normal load.

Note

It is not desirable to hover at zero air-
speed between 15 and 600 feet altitude.
If an engine failure occurs while at zero.
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airspeed between 15 and 600 feet, excep-
tional technique will be necessary to
avoid a hard landing.

JUMP TAKE-OFF.

Jump take-offs with this helicopter are not recom-
mended. There is sufficient power reserve and
overload gross weight margin to execute a high
speed emergency take-off using normal procedure.

TAKE-OFF WITH HIGH GROSS WEIGHT.

The following types of take-off may be made
under high gross weight conditions.

1. Hovering.

2. Vertical.

3. Rolling.

Charts for the various types of take-off are
covered in the Appendix.

Note

When operating at or near maximum
gross weight with marginal perform-
ance, (due to altitude, temperature,
humidity, etc) increases in power for
take-off must be accomplished by in-
creasing the throttle ahead of an in-
crease in collective piteh. By leading
with the throttle, a loss of rpm will not
occur, It is possible, under marginal
conditions, to lose rpm to the point that
it cannot be regained without reducing
collective pitch. When such a situation
occurs, the helicopter will usually settle
in, even though the throttle is against
the full open stop. It is, therefore, very
important to lead the throttle under the
above conditions.

HOVERING TAKE-OFF.

In making a hovering type take-off, attain a
hovering position with the main wheels at least
eight feet off the ground. Enter forward flight by
a gradual forward motion of the cyclic stick.
Maintain a sufficiently safe clearance of the nose
wheel above the ground during transition and
acceleration to climb-out airspeed. See the Ap-
pendix and figure A-2 for data on this type of
take-off.

VERTICAL TAKE-OFF.

Vertical take-offs are used where the area is
restricted -and it is necessary to gain altitude
before entering forward flight.

l WARNING I

Vertical climb-out necessitates operation
in the “AVOID” region of the curve

Revised 1 May 1956

Section Il

Minimum Height for Safe Landing After
Power Failure (figure 3-2).

See the Appendix and figure A-2 for data on this
type of take-off.

ROLLING TAKE-OFF.

Rolling take-offs may be made where the ground
surface conditions permit. This type of take-off
makes it possible to increase the maximum gross
weight. In making rolling take-offs, it is possible
to obtain a condition in which ground resonance
can occur. This condition exists when the main
gear shock struts are extended about 90 per cent.
If a tendency towards ground resonance occurs
during the rolling take-off, make an immediate
jump take-off. In other casés in making rolling
take-offs, the main landing gear will come entirely
free of the ground. In such an instance there will
be no tendency for ground resonance. However,
lateral control, particularly on rough ground and
at low speeds, will be more difficult than normal
due to the nose wheel rolling on the ground. See
the Appendix and figure A-2 for data on this
type of take-off.

AFTER TAKE-OFF.

Decrease power when clear of immediate take-off
obstacles, then proceed as follows:

1. Mixture control lever: NORMAL (refer to
the Appendix for power settings).

Note

The NORMAL mixture position may be
used as long as the cylinder head tem-
perature can be maintained within the
applicable limits and engine operation
is normal. Leaning the mixture beyond
NORMAL is not permissible since it will
result in improper fuel-air mixture and
can cause severe engine detonation.
2. Fuel booster pump switch: LOW, at 1000
feet or when clear of all obstacles.

3. Carburetor heat control lever: As desired.

TRANSITION FROM HOVERING TO
FLIGHT.

In order to prevent the slight loss of altitude
when moving off the “ground cushion” into for-
ward or sideward flight, it may be necessary to
increase the collective pitch slightly until trans-
lational lift is attained. :

""""" )
1: CAUTION §
Operation within the transitional flight
region (10—-40 knots) must be held to a
minimum due to an increase in airframe
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vibration. However, if it is mandatory
to operate within these speed ranges,
the vibration may be reduced somewhat
by yawing the helicopter approximately
45 degrees to the relative wind,

TRANSITION TO FORWARD FLIGHT.

Displace the cyclic control stick slightly forward.
As the helicopter gains forward speed and trans-
lational lift is attained, neutralize the control
stick or position it for climbing or cruising.

TRANSITION TO REARWARD FLIGHT,
The helicopter can be flown readily in rearward
flight by displacing the control stick in the de-
sired direction. Due to the impaired visibility,
limit rearward flight speed to 20 knots.

CAUTION

There is 65 feet of helicopter behind you. Check the area
thoroughly before attempting rearward or sideward flight.

TRANSITION TO SIDEWARD FLIGHT.

Sideward flight can be accomplished up to 40
knots without loss of control. Displace the cyclic
stick toward the desired direction of flight.

CRUISE CONTROL.
FLIGHT PROCEDURE.

To effect maximum range with optimum fuel
economy the following procedures must be used,
as flight experience has shown that any devia-
tions from these procedures will result in adverse
fuel consumption:

Note

Although the power settings and cruise
speeds are tabulated in Appendix I for
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several gross weight ranges and alti-
tudes, it may be expected that the actual
cruise settings will vary as a result
of weight differences, variations from
standard temperature, engine condition,
ete, under actual flight conditions. It
will be noted in Figure A-7, however,
that over a wide range of typical
weights (10,000 1b thru 13,000 1b) and
cruising altitudes (S L to 6,000 feet)
best range can be obtained at a true air-
speed of approximately 85 knots. For
this reason the “Cruise Control” tech-
nique described below is based on this
typical zero-wind value,

1. Establish cruise speed with reduced power
in a slight dive (approximately 200 feet above
desired altitude required). Adjust power slowly
to hold desired altitude at 85 knots TAS, with
manifold pressure as required.

Note

The 85 knot TAS is applicable only to a
“no-wind” condition. For best range,
Increase TAS two knots for each 10
knots of headwind component and, con-
versely, decrease TAS two knots for
each 10 knots of tailwind component.
Example: A headwind component of 20
knots requires TAS of 89 knots.

2. Hold cruise steady at 85 knots TAS. De-
crease manifold pressure as weight is reduced
through fuel consumption. This is most important
as power settings in excess of those actually
required will adversely affect average fuel con-
sumption. Check IAS or altitude frequently to
determine if reduction of manifold pressure is
possible. For weights above 11,500 pounds, best
range is obtained at minimum practical altitude.
For lower weights, best range is obtained at
altitudes up to 5000 feet.

3. Use minimum rotor rpm consistent with
desired airspeed within a relatively vibration-
free range. It is possible that a lower rotor rpm
may be used to achieve this vibration free range.
Engine speeds below 2300 rpm are not recom-
mended.

WARNING

NORMAL mixture position must be
used. Manual leaning beyond NORMAL
is not permissible since it will result
in improper fuel-air ratio and cause
engine detonation, which is wasteful of
fuel and harmful to engine components.
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CLIMB AT NORMAL GROSS WEIGHT.

SETTINGS FOR BEST CLIMB.

The best rate of ¢limb for sea level is achieved at
approximately 60 knots, 2500 engine rpm and
42.4 inches Hg manifold pressure. For informa-
tion incident to climb at other altitudes, refer to
the Climb Chart in the Appendix.

CLIMB AND FORWARD SPEED.
Adjust collective pitch to maintain the reguired
power setting. Regulate the forward speed with
the cyclic stick and the rate of e¢limb with the
collective pitch lever.

Note

In executing a climb after take-off, it is
desirable to reach an altitude that will
allow sufficient height for a safe landing
if the engine fails.

FLAPS AND SHUTTERS.

There is no automatic control of the engine air
exit doors. These doors shall be adjusted or re-
moved prior to take-off. Cylinder head tempera-
ture is not to exceed the limit red lined on the
eylinder head temperature gage. If the tempera-
ture is increasing too rapidly, decrease the rate
of climb and increase forward speed.

FLIGHT CHARACTERISTICS.
Refer to Section VI,

SYSTEMS OPERATION.
Refer to Section VII.

DESCENT.
POWER-ON DESCENT.

Accomplish power-on glides by reducing collective
pitch for the desired rate of descent (figure 2-3),
being careful to maintain a safe rotor speed
{green line on rotor tachometer indicator).

POWER-OFF DESCENT,
PRACTICE AUTOROTATIVE DESCENTS.
Refer to Section 111,

EMERGENCY AUTOROTATIVE DESCENT,
Refer to Section 111,

VERTICAL DESCENT.

Vertical descent at zero airspeed may be accom-
plished. Vertical descent in autorotation is
smoother than with partial power. Refer to Sec-
tion VI for Flight Characteristics.
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PRE-TRAFFIC PATTERN CHECK.

Before entering the traffic pattern prior te land-
ing, make the following check:

1. Mixture contrel lever: RICH.

2. Fuel booster pump switch: HIGH.

3. Carburetor heat control lever: As desired.

4, Hydraulic pressure gage: Check within
prescribed limits.

5. Altimeter: Adjust as desired,

6. Supercharger control switch: LOW,

7. Rescue boom and cable: Check for
security.

8. Crew and passengers: Alerted for landing,

9, Nose wheel handle: UNLOCKED.

10. Parking brake lever: OFF,

TRAFFIC PATTERN CHECK.

1. After radio permission to land has been
granted, observe that the landing area is cleared
for the type of helicopter landing that is to be
effected.

2. Landing and/or searchlight: ON {(as de-
sired).

3. Pilot and co-pilot windows: As desired.

APPROACH AND LANDING.
APPROACHES.

1. Airspeed: Reduce to zero gradually as
ground is approached (figure 2-3),

2, Angle of approach: Make approaches to
landing areas long and low or nearly vertical as
the terrain and ability to hover (as determined
by gross weight and altitude) demand.

NORMAL APPROACH.

1. Enter approach at 300-400 feet and 55-60
knots 1AS. When the point is reached at which
an autorotation could be made inte the intended
landing area, reduce collective pitch and main-
tain a constant angle of descent. During the first
two-thirds of the approach the airspeed (55-60
knots) is maintained with 2500 engine rpm and
260 votor rpm.

2, At approximately 50-75 feet begin a cyelic
flare, dissipating airspeed and altitude simul-
taneously, and coming to a hover over the land-
ing area.

i e g
W

)y
3 cautioN §

. A critical point of the approach is
reached when the airspeed drops below
40 knots at any altitude above 10 feet.
Care must be taken, therefore, to apply
sufficient collective pitch to prevent
settling into the ground.
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SLOW, STEEP APPROACH.

1. Enter the approach at 150-200 feet above
the terrain, with an airspeed of 30-40 knots and
2500 engine rpm. When an approximate 60-
degree angle of descent is reached, decrease col-
lective pitch and establish the desired rate of
. descent. Center attention on rate of descent
rather than airspeed. As the ground is approached
enough collective pitch is added to come to a
hover or to cushion the landing, whichever is
desired.

¢ caution §

This type of approach is more critical
because of the use of low airspeed at
altitudes above 10 feet, and is used only
in confined areas.

180-DEGREE DOWNWIND APPROACH.

1. Enter the approach at 400 feet altitude
when 180 degrees downwind from the intended
landing spot. Initiate a turn in the desired direc-
tion, decelerating to an approach airspeed of 55-
60 knots. When a point is reached at which auto-
rotation could be accomplished into the landing
area, reduce collective pitch and maintain a con-
stant angle to descent to the landing area. The
turn into the wind may be increased or de-
creased in order to hit the landing area.

2. At 50-75 feet altitude initiate a cyclic flare,
and dissipate airspeed and altitude simultane-
ously. As the helicopter nears the ground increase
collective pitch gradually to come to a hover at
8-10 feet altitude. Hold the helicopter in a nose-
high attitude until all forward speed is stopped.
This procedure will minimize vibration at the
bottom of the flare.

FAST, SHALLOW APPROACH.
Fast, shallow approaches are not recommended
for this helicopter.

TRANSITION FROM APPROACH TO HOVERING.

1. Cyclic stick: Ease the cyclic control stick
rearward until the helicopter slows down to the
desired rate, then neutralize it.

2. Collective pitch lever: Decrease collective
pitch to prevent climbing. The more abrupt the
stop, the more decrease of collective pitch will be
required.

3. Make the transition from approach to hover-
ing at least 10 feet above the ground.

Note
When operating at or near maximum
gross weight with marginal perform-
ance, (due to altitude, temperature,
humidity, ete) increases in power for
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recovery from approaches must be ac-
complished by increasing the throttle
ahead of an increase in collective pitch.
By leading with the throttle, a loss of
rpm will not occur. It is possible, under
marginal conditions, to lose rpm to the
point that it cannot be regained without
reducing collective pitch. When such a
situation occurs, the helicopter will
usually settle in, even though the throttle
is against the full open stop. It is, there-
fore, very important to lead the throttle
under the above conditions.

DESCENT FROM HOVERING POSITION
TO THE GROUND.

1. Collective pitch lever: Decrease slightly.

2. Throttle: Maintain 2500 engine rpm.

3. Allow the helicopter to become stabilized in
hovering position before contacting the ground.

4, As soon as the wheels are on the ground,
decrease collective pitch.

Note

When a landing is made with no forward
or rearward motion, the tires tend to
“roll-under.” It is desirable to roll for-
ward (approximately six feet) to avoid
this.

5. When landing is completed, close throttle.

CROSS-WIND AND DOWN-WIND LANDINGS.
Cross-wind and down-wind landings may be ef-
fected. Exercise care to prevent drift by applying
cyelic control against the wind and increasing
power if necessary. After touch down, continue
to hold the cyelic stick slightly into the wind until
rpm has decreased.

SLOPE LANDINGS.

Landings on uneven terrain may be safely accom-
plished provided that a careful approach is made
and the touchdown is accomplished Up Slope or
Cross Slope.

$ CAUTION $

Down Slope landings are to be avoided
because of the danger of striking the
ground with the tail surfaces when
reducing altitude.

The maximum slope angle on which landings may
be attempted is 20° (see figure 5-3, Section V).
To make a safe slope landing, 2500 engine rpm
should be maintained until the landing is com-
pleted (in case a recovery becomes necessary)
and the nose wheel and wheel brakes should be
locked prior to touchdown.

Revised 1 May 1956



T.0. 1H-21(Y)-1 Section Il

APPROACH & LANDING

POWER-ON

80 KNOTS

50-60 KNOTS ALT 500 FT

ALT 300 FT

1. As the approach is made to the landing or ap-
proach area, reduce airspeed slowly as altitude

Ol s ) ) L decreases. Adjustments can thus be made as
> necessary during the approach so that the land-

ing point can be reached with little change in
speed and atfitude. The approach should be

= made into the wind when practical. i
Iy P Bia s
A0-%0 XMO¥s "\\_h______‘__.__.f“—\-‘;“ 2. Flare flight path gradually with rearward cyclic.
ALT 150 FT 20
Increase collective pitch and power gradually

e to reduce rate of descent.

B Ple v 3. Approach to the parking area can be made by
L_ slow flight near the ground or by taxiing.

NOTE: This is a typical approach pattern for a des-
ignated landing area. Make approaches as required
by tower. Designated approach areas are not usually
on runways or taxi strips. The approach may also be
made long and low or nearly vertical as required by
local conditions.

.“‘;\Q-

Ay

)
ogs N

0 KNOTS
ALT 10-15 FT

Figure 2-3
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On Up Slope landings the nose wheel will touch
the ground first. Maintain 2500 rpm while de-
creasing collective and displacing the cyclic stick
forward until the helicopter settles evenly onto
its gear,

On Cross Slepe landings the wheel on the high
side will touch the ground first. From this point
the landing is completed by displacing cyelic to
the high side of the slope while reducing collec-
tive until the helicopter is firmly on the ground.
After a slope landing has been completed, the
cyelic stick should be neutralized in its Up Slope
position by means of the centering spring switch.
This procedure will hold the stick in its proper
position for take-off. Take-off is easily accom-
plished by slowly applying power to bring the
helicopter to a level attitude hefore breaking
clear of the ground on all sides.

i' ‘I
d CAUTION ?

Do not displace the cyclic stick Down
Slope at any time while landing or
taking off.

LANDING ON UNFAMILIAR TERRAIN.

Helicopter landings in unprepared areas are
hazardous and should be planned and carried
out with the utmost caution to prevent the pos-
sibility of blade damage caused by debris striking
the rotors. Circle the intended landing spot at a
safe altitude but sufficiently low to permit detec-
tion of obstacles, debris or loose gear prior to
landing. If there is any doubt of the nature of
the terrain, hover the helicopter and lower a
crewmember to the ground to inspect the terrain
and direct the pilot to a safe landing.

} caumion $

Exercise extreme care in appreaching
landing areas which have been marked
by strips of cloth or other temporary
markings not firmly held down.

GO-AROUND IF LANDING IS NOT
COMPLETED.

If excessive drift or swinging is evident as the
helicoptet touches down, apply power to lift the
helicepter free of the ground, stabilize it by
counteracting undesirable movement with cyclic
control, and attempt a new landing or proceed
into forward flight. If instructions are received
to go-around during an approach and descent,
add power smoothly, but rapidly, to minimize
additional altitude loss and to increase forward
speed to that required for climb,
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AFTER LANDING.

1. Throttle: Adjust for 2000-2300 engine
rpm.

2. Collective pitch lever: As desired for
taxiing.

3. Nose wheel handle: Check uniocked for
taxiing.

POSTFLIGHT ENGINE CHECK.

Postflight engine and transmission cheek is to be
made after each flight. All discrepancies noted
must be entered in DD-781. Check items as
follows:

1. Transmission: Check pressures and tem-
perature within specified ranges.

2. Ignition system (magnetos): Check. Ac-
complish as described in Preflight Engine Check.

3. Parking brake lever: ON.

4. Throttle: 1800 engine rpm; reduce throt-
tle rapidly to 1000 rpm.

5. Friction clutch switch: DISENGAGE (while
rotors are overrunning the jaw clutch).

6. Idle mixture adjustment: Check with the
clutch disengaged.

Note

The mixture control lever may be ad-
justed through a 90-degree range in in-
erements of 15 degrees. Full aft poesition
is IDLE CUT-OFF and full forward
position is RICH, While making the idle
mixture adjustment cheek, he certain
that the cylinder head temperature is at
least 150°C. If the temperature should
be lower, engage rotors and operate the
engine at 2300 rpm and 25 inches Hg
for a short warm-up. Disengage rotors
and continue idle check,

a, With Primer:

(1) Put mixture cantrol lever in RICH
position. Adjust throttle so that engine
idles at 1000 rpm and lock the throttle in
this position.

(2) Fleck the primer switch momentarily
and note any change in manifold pressure
and rpm. A momentary decrease in mani-
fold pressure accompanied by a corres-
ponding increase in rpm indicates that
the mixture is too lean. If the idling mix~
ture is either correct (i.e., at best power)
or too rich, a momentary decrease in rpm
and increase in manifold pressure will
occur when the primer is energized. To
determine if mixture is too rich or at best
power, proceed as follows:
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b. Without Primer:

(1) Recheck that eylinder head tempera-
ture is at least 150°C. Warm up engine
if necessary.

(2) With mixture control lever in RICH
position, adjust throttle so engine will
idle at 1000 rpm and lock the throttle in
position.

(3) Move mixture control lever from
RICH position to NORMAL position. No
change in rpm or manifold pressure will
be noted.

(4) Slowly move the mixture control
lever toward the IDLE CUT-OFF posi-
tion until a change in rpm and manifold
pressure is noted. A decrease in mani-
fold pressure with an increase in rpm
indicates that the mixture is too rich. If
a decrease in rpm and an increase in
manifold pressure occurs, then the mix-
ture is at the desired best power setting.

§ CAUTION $

The ignition switch check and the idle
mixture adjustment check must be made
with the rotors disengaged.

7. ignition system: Check. Accomplish as
described under Engine Ground Operation and
Ground Tests.

Note

If an unacceptable magneto check oc-
curs, refer to Spark Plug Fouling,
Section VII,

8. Oil dilution: Check. When stopping the
engine, and it is anticipated that the next start
will be made in low temperatures, dilute the en-
gine oil. Refer to oil dilution table, Section 1X.

5: CAUTION }

Do not dilute oil when oil temperature
is above 50°C as it will cause partial
evaporation of fuel and result in im-
proper dilution.

STOPPING OF ENGINE AND ROTORS.

Note
Idle the engine with closed throttle for
a minimum of 30 seconds prior to shut-
down to insure maximum oil scavenging
and to preclude liquid lock, plug fouling,
and smoky starts.

1. Mixture control lever: IDLE CUT-OFF.
(Cylinder head temperature should be down to
150°C before shut-down. Refer to Section VII.)
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2. Ignition switch: OFF,

3. Cluteh friction switch: ENGAGE (when
rotors have slowed to 100 rpm or less. Refer to
Section VII for procedure).

4. Fuel booster pump: OFF.

BEFORE EXIT FROM THE HELICOPTER.

INTERIOR CHECK.

1. Friction clutch switch :
. All switches: OFF,
. Radio switches: OFF.
. Parking brake lever:

a. ON.

b. OFF (after wheels are chocked).

5. Check the form DD-781 and enter all dis-
crepancies discovered in flight.

6. Make an interior visual inspection.

ENGAGE,

W 0 o

AFTER EXIT FROM THE HELICOPTER.

Make an exterior walk-around inspection and
enter all discrepancies in Form 1.

WARNING
Be sure to set wheel brakes before leaving the helicopter.

HELICOPTER TIE-DOWN UNDER VARIOUS
WIND CONDITIONS.

Since damage to the helicopter’s fuselage and/or
blades can result if suitable tie-down is not ac-
complished, the following information is pre-
sented as a guide to the pilot in detérmining if
helicopter is securely moored against extreme
weather conditions.

CONDITION “A.”

When prevailing or forecast surface wind veloc-
ities do not exceed Walues listed under this con-
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dition (figure 2-4) and the corresponding gross
weight of the helicopter is equal to or greater
than shown, the following precautions should be
observed :
1. Parking:
and check for:
a. Sufficient clearance for maintenance,
servicing, and fire protection.

b. Sufficient distance from established run-
ways (750 feet measured at approxi-
mately 90° to the runway).

c. Sufficient distance from connecting taxi
strips (250 feet).

d. Sufficient rotor blade clearance from
buildings, obstacles, or other helicopters
(slightly more than rotor diameter).

Nose wheel: Positioned fore and aft.

Nose wheel lock handle: Check LOCKED.

Friction clutch: ENGAGED.

Parking brake knob: ON,

. Main wheels: Chocked, and chocks secured

to prevent their slipping from the tires.

7. Rotor blades: Properly secured as outlined

in applicable Maintenance Instructions Hand-
book.

Head helicopter into the wind

I

CONDITION “B.”

Note

The mooring procedures outlined in the
subsequent text are applicable when the
helicopter is to be parked for an ex-
tended period and/or when wind and
gross weight values shown under condi-
tion “B” (figure 2-4) are existent.
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Check to see that the following has been accom-
plished in addition to items noted under condition
‘IA”:

1. Main wheels: Chocked as required for wind
velocity, ground conditions, and gross weight.
Chocks secured,.

2. Tie-down: Check the following:

a. Helicopter secured to as many ground
mooring points or temporary anchoring
devices as possible. Use dead man anchors
for mooring in soft ground.

b. Tie-downs at an approximate angle of
45° to the ground.

c. Slack provided to allow for moisture
absorption.

3. Main oleos: Deflated.

4. Fuel tanks: Filled to capacity.

5. Rotor blades: Folded, if time permits and
wind velocity at time of folding does not exceed
30 knots. Otherwise, secure blades as noted under
condition “A."”

6. Cockpit windows: Closed.

7. Battery: Disconnected.

8. Protective covers: Installed, if time and
weather conditions permit.

9. Maintenance stands and loose equipment:
Removed or secured.

‘ WARNING I

Tie-down must not be attempted if fore-
cast surface wind velocities exceed 75
knots. Evacuation of the helicopter to a
lesser wind area is recommended.
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| |TIE-DOWN CONDITIONS

Note —
As gross weight is increased, wind
velocity value also is increased. At —
8000 pounds, the maximum wind
velocity is 26 knots, whereas ot —
13,500 pounds the maximum wind
velocity is 50 knots. —

CONDITION "B"

CONDITION "A"

ey

|

/
/
/_

Note
Evacuate to a lesser wind area

/

when forecast surface winds /

exceed 75 knots.
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tion. EMERGENCY
244 OPERATION
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ENGINE FAILURE.

PARTIAL FAILURE.

If the engine is misfiring or causing an uneven
power supply to the rotor system, autorotate to
the nearest possible landing area to avoid damage
to the rotor drive system. If there is a noticeable
lack of power but the engine is operating
smoothly, continue with partial power to the
nearest suitable landing area. Be prepared for
complete failure. Both of the above conditions
may be accompanied by loss of altitude. No
torque corrections are required due to the tandem
configuration of this helicopter.

FAILURE WITH EXTERNAL CARGO,

Engine failure while carrying external cargo is
not critical as no control problem is encountered
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Landing Emergencies (Except Ditehing) .......... b5
Ditehing . ...t i i e e 58
Bailout Procedire ..o e ses s smisms s seess 59
Ground Resonance .....cieeernniiinsnsnsnassnnnns 60
Fuel System Emergency Operation ............... 60
Electrical System Emergency Operation ........... 60
Hydraulic Control System Emergency Operation .... 60
Manual Clutch Engagement ..................... {ill'

during transition from powered flight to autorota-
tion; however, the suspended weight should be
released as soon as possible after entering auto-
rotative flight.

COMPLETE FAILURE AT TAKE-OFF, HOVERING,
OR SLOW FLIGHT UNDER 15 FEET ALTITUDE.
Rapidly increase the collective pitch and keep
the helicopter level. The inertia of the rotors will
be sufficient to prevent an unreasonably hard
landing.

COMPLETE FAILURE ABOVE 15 FEET ALTITUDE.
Instantly reduce the collective pitch, turn into
the wind if altitude permits, and obtain the best
autorotative speed of 55 knots IAS. Perform
emergency autorotative descent.
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EMERGENCY AUTOROTATIVE DESCENT.

Procedure for emergency autorotative descent is
as follows:

Decrease collective pitch and establish airspeed
between 50 and 60 knots. It is of the utmost im-
portance that collective pitch be reduced immedi-
ately upon power failure in order that the rotor
speed does not fall below the minimum safe limit
(233 rpm). As rotor speed builds up, increase
collective pitch sufficiently to maintain desired
rpm (260-280).

Note

The optimum rotor speed to minimize
the rate of descent is 260 rpm with
gross weights up to 12,000 pounds and
280 rpm above 12,000 pounds. (Higher
rotor speeds tend to increase the rate
of descent.)

Directional control response at high air-
speeds (80 knots or above) is not as
positive as it is at lower airspeeds (40—
60 knots). Positive directional control
can be accomplished by using cyclic
stick and directional pedals in combina-
tion.

For autorotative descents from high altitudes,
utilization of minimum rotor rpm (233-260) will
give slower rate of descent. When below 1000
feet altitude, allow rotor rpm to build back up to
desired limits (300-310) for proper ground cush-
ioning effect. Refer to figure 3-1 for glide dis-
tances in autorotative flight.

When failure occurs at high forward speed, above
80 knots IAS, displace the cyclic stick rearward
and effect a partial eyclic flare with a simultane-
ous decrease in collective pitch. This will main-
tain rotor speed and reduce the airspeed to the
best autorotative speed. If this procedure is not
followed, the rotor speed will be greatly reduced
during the transition into autorotation. If power
failure oceurs at slow airspeeds, 0-30 knots IAS,
use forward cyclic stick to maintain the heli-
copter in a level attitude and discourage a “tail
down” tendency during the transition period.
Once the collective pitch has been reduced to
autorotative angles, allow the rotor speed to build
up to desired steady autorotative speed. Vertical
autorotation is possible, but it is preferable to
maintain forward speed which greatly reduces
the rate of descent. After establishing autorota-
tive descent, proceed with landing as described
under Power-Off Landing.

If no attempt is to be made to restart the engine,
position the engine controls as follows:

1. Fluids shut-off switch: SHUT OFF,
2. Ignition switch: OFF.
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3. Fuel booster pump switch: OFF.

If low altitude prevents attempt to restart en-
gine, and if landing conditions permit, make a
normal power-off landing. After landing, examine
helicopter to determine possible cause of failure.
If there is no visible trouble, proceed to restart
engine.

ENGINE RESTART IN AUTOROTATION.

If the situation warrants, and sufficient altitude
permits, attempt to restart the engine. After es-
tablishing autorotative flight, use the following
procedure:

1. Set engine controls to proper positions for
starting. Throttle back to “cracked” position to
prevent high engine surges and possible shock
loads to the drive system.

2. Mixture control lever:

3. Fuel booster pump switch:

4. Starter switch: ENGAGE.

5. After engine is started, proceed with normal
recovery from autorotation.

‘ WARNING I

When attempting to restart the engine
in the air, do not disengage the clutch
as time will not permit performance of
the clutch engaging cycle.

PRACTICE AUTOROTATIVE DESCENTS.

Intentional autorotative descents are to be kept
to a minimum and are to be made only as neces-
sary to develop and maintain pilot" proficiency.
During autorotation a high rotor rpm can cause
an increase in vibration. This can be kept to a
minimum by maintaining a rotor speed within
the range of 260-280 rpm (not to exceed 300
rpm).

The subsequent text is presented to familiarize
the pilot with the recommended handling of the
flight and engine controls on entry, descent and
power recovery during practice autorotative
landings.

RICH.
HIGH.

Note

Practice autorotational landings should
be practiced at gross weights under
11,500 pounds and with normal centers
of gravity between 15 and 25 inches
forward.

AUTOROTATION ENTRY.
Utilize the following procedure:
1. Airspeed: Cruising condition 60-80 knots.

2. Collective pitch: Reduce completely with
a positive motion. During the reduction of the col-
lective piteh, the eyelic stick should be moved aft
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AUTOROTATIVE GLIDE DISTANCES

ALT 10,000

Wheels

- IAS—75 KNOTS
Rotor Speed—260-280 rpm

SL
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DISTANCE (NAUTICAL MILES)

AUTOROTATIVE GLIDE DISTANCES

ALT 10,000

Plocls

Y IAS—75 KNOTS
Rotor Speed—260-280 rpm

2000
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DISTANCE (NAUTICAL MILES)

Figure 3-1
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slightly to reduce the feeling of abruptness during
entry into autorotation.

Note

The throttle must be retarded slightly
as the collective pitch is reduced to pre-
vent an excessive increase in engine rpm
as the engine is unloaded and to sepa-
rate the engine from the rotor system
for autorotative flight.

3. Throttle: Adjust to maintain 2150 rpm.
(This is the optimum engine speed recommended
for practice autorotation to reduce wear on the
overrunning clutch and adjacent parts, to keep
the engine clear, and to prevent high impact on
the rotor system during power recovery.)

4. Mixture control lever: RICH.

5. Carburetor heat control lever: COLD. (If
carburetor icing conditions exist or the weather
is extremely cold, position the carburetor heat
control lever to maintain a temperature of 25
to 35°C.)

RPM IN AUTOROTATION.

The best collective pitch angle for autorotative
descent is that angle which will maintain rotor
speed within the range of 260 to 280 rpm. Rotor
speed is affected by weight, altitude, and to a
lesser degree by airspeed and is stabilized by
the collective pitch. For minimum rate of descent,
keep the helicopter between 50 and 60 knots IAS,
maintaining desired rotor rpm. For maximum
glide distance (figure 3-1) the best airspeed is
75 to 80 knots IAS.

I WARNING I

The low limit of rotor speed (210 rpm)
is permissible during transition to auto-
rotation, and rotor speed should be
increased to the desired range as rapidly
as possible.

POWER RECOVERY.
Extreme care must be taken in handling the
engine controls during power recovery from
practice autorotation. Incorrect application of
throttle can cause engine overspeed to the point
that engine replacement will be required.
Recommended procedure for executing a smooth
power recovery follows:

1. Flare: Maintain 50-60 knots to 75-100

feet altitude. Slowly enter a cyclic flare so that
the airspeed is reduced to an IAS of 20-30 knots
by the time approximately 10 feet of altitude is
reached. The altitude at which the flare is started
depends upon the rate of descent and forward
speed that must be dissipated. Do not increase
collective pitch until recovery is begun.
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Note

As the flare is executed, the rotor rpm
will increase. This is desirable during
practice autorotation or emergency auto-
rotative touchdown as more energy is
available to the rotors when collective
pitch is applied during the final transi-
tion to landing.

2. Collective pitech: Increase at end of flare
when the helicopter is no higher than 10 feet
above the ground to bring the rotor rpm back to
the normal operating range. A noticeable drop in
lift and a settling of the helicopter will be evident
as energy from the flare is lost.
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During autorotative landings the pilot
must exercise caution to avoid an ex-
cessively nose-high attitude. This can
result in dragging the aft point of the
fuselage (causing damage to the fiber-
glas fairing and possibly to the struec-
ture) dependent on the severity of
impact. The optimum nose-up attitude
is 30 degrees with respect to the ground.
This places the aft part of the fuselage
parallel with the ground. Steep flares
just prior to touch down which allow
the nose-up angle to increase after touch
down are to be avoided.

3. Throttle: Apply slowly until engine and
rotor rpm are synchronized.
Execution of power recovery as outlined pre-
vents engine overspeed and extreme shock loads
to the rotor system. In addition, the pilot becomes
familiar with the effect of collective pitch re-
quired for emergency power-off landings.

See Section V for limitations on autorotational
landings with floats.

MINIMUM HEIGHT FOR SAFE LANDING AFTER
ENGINE FAILURE.

Charts on the minimum height for safe autorota-
tive landing (figure 3-2) are presented to provide
a combination of heights above the ground and
airspeeds from which an autorotative landing can
safely be performed under varying conditions of
gross weight.

RED AREAS.

The red areas indicate the heights above the
ground and the airspeeds that should be avoided
whenever possible. Successful recovery from
power failure within these areas requires im-
mediate control action and exceptional technique
(even by an experienced pilot) to effect a safe
landing.
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MINIMUM HEIGHT FOR SAFE LANDING
AFTER ENGINE FAILURE

GROSS WEIGHT = 11000 pounds
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Figure 3-2
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YELLOW AREAS.

The yellow areas represent the region of flight
where caution is required because the pilot must
react with minimum delay in order to effect a
landing without damage to the helicopter or pos-
sible injuries to personnel.

GREEN AREAS.

The green areas define the heights above the
ground and the airspeeds at which recovery from
power failure can safely be accomplished. How-
ever, it is recommended that no time be lost in
effecting proper control displacement to attain
the best flight attitude, airspeed, and rotor rpm
for autorotational descent.

POWER-OFF LANDINGS.
Note

Two types of power-off landings may be
accomplished. Refer to the Appendix for
tabular data on Power-Off Landing Dis-
tances.

FLARED LANDING WITH FORWARD SPEED

(ROLL-ON LANDING FOR SMOOTH TERRAIN).
The following procedure (figure 3-3) should be
followed to accomplish a smooth and safe landing:

Note
A turning flare is practical for an
emergency landing in a confined area,
but should not be practiced at low alti-
tude where recovery from the turn is
simultaneous with landing, since it is
possible under this condition to hit the
runway with the tail.

1. Approach: Establish an airspeed of 50
knots for weights up to 12,000 pounds and 60
knots for weights over 12,000 pounds (when suf-
ficient time and altitude are available).

I WARNING I

The rotor speed for the approach just
prior to the flare must be 300 to 310
rpm.

2. Flare: Make flare primarily with the eyclic
control, starting at an altitude of approximately
80 feet. Execute the flare so that minimum col-
lective pitch is required for an easy touch down.
When collective pitch is required to cushion the
landing, it must not be increased until the last
10 feet of descent is entered. The use of minimum
collective pitch provides higher rotor rpm and
augments controllability during the landing and
after touch down.
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Note

The above procedure should not require
the use of more than two-thirds of the
available collective pitch er one-quarter
of the available aft cyclic control.

3. Touchdown airspeed: Maintain so that air-
speed at point of touchdown is 25 to 35 knots.

i WARNING I

After touchdown of the main wheels,
do not apply any additional collective
pitch, and use little or no aft cyclic con-
trol until the nose wheel is safely on
the ground.

During a usual roll-on autorotational landing,
there will be a loss of 90 to 120 rotor rpm be-
tween the beginning of the flare and the time the
nose wheel touches down. Therefore, the flare
must begin with at least 300 rpm and the applica-
tion of collective pitch kept to a minimum or the
rotor speed will reach a dangerously low value
before the nose wheel is safely rolling along
the ground.

CONDITIONS TO AVOID.

Sudden rotor blade stalling, dangerously exces-
sive rotor blade flapping, and the possibility of
the forward rotor blades .striking the fuselage
may be caused by the following conditions when
they occur in certain combinations:

1. Low rotor speed: Reduces the effectiveness
of the collective pitch and longitudinal control.
The pilot will be inclined to apply full up collec-
tive pitch and full aft cyclic control to cushion
the landing.

2. Overcontrol:

Application of full up (or

" nearly full up) collective pitch and full aft (or

nearly full aft) eyclic control during the interval
between ground contact of the main wheels and
the nose wheel can cause extreme stalling of the
forward rotor. The stalling of the forward rotor
will result in a sudden loss of forward rotor
thrust which, in turn, will cause the nose to drop
more quickly. Thus, in addition to causing exces-
sive flapping, the application of extreme control
can cause the nose to drop rapidly rather than
cushion the ground contact of the nose gear.

3. High touch down airspeed: Will increase
the possibility of excessive blade flapping when
oceurring in combination with the other two
factors. '

FLARED LANDING WITH LITTLE OR

NO FORWARD SPEED (FOR ROUGH

TERRAIN OR WATER).

A second type of landing (figure 3-3) may be
accomplished on relatively rough terrain if neces-
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APPROACH & LANDING

POWER-OFF

I. Approach: Establish an airspeed of 50 knots
for weights up to 12,000 pounds and 60 knots
for weights over 12,000 pounds. The rotor
speed just prior to the flare must be 300 to
310 rpm (when sufficient time and altitude
are available).

2. Flare: Make flare primarily with the cyclic con-
trol, starting at an altitude of approximately
80 feet for smooth terrain and 150 feet for
rough terrain. Execute the flare in such a man-
ner that as little as possible collective pitch is
used.

3. Touch down airspeed: Maintain so that airspeed
at point of touch down is 25 to 35 knots on
smooth terrain (little or no forward roll on rough

(' ~—. terrain).
T " | 4. After touch down of the main wheels: Do not |~

apply any additional collective pitch and use
little or no aft cyclic control until the nose [~
wheel is safely on the ground.

Stopping: Use rearward cyclic whenever pos-
sible to bring the helicopter to a stop. Use
toe brakes with caution.

Figure 3-3 ¢
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FIRE DETECTION

sary. To accomplish this type of landing, the
technique to be used should be as follows:

1. Approach: Establish an airspeed of 50
knots for weights up to 12,000 pounds and 60
knots for weights over 12,000 pounds (when suf-
ficient time and altitude are available).

| WARNING I

The rotor speed for the approach just
prior to the flare must be at least
300-310 rpm.

2. Flare: Make flare with aft cyclic control,
starting at an altitude of 150 feet.

Note

The entry, on beginning of the flare for
this type of landing, should be the same
as the previously described roll-on flare
landing except for the higher altitude.
Airspeed should be reduced as much as
possible by the use of cyclic control.

3. Touchdown: Use collective pitch to cush-
ion the impact. Keep aft cyclic control motion to
a minimum, especially when using full-up collec-
tive pitch. If the flare has been initiated properly,
there will be little or no forward roll at the point
of touchdown. Normal touchdown attitude will
generally be nose high.
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SHUT OFF IN CASE
OF FIRE ONLY
NORMAL
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Figure 3-4

TRANSMISSION FAILURE.

Trouble developing in the forward, central, or aft
transmission can be identified by excessively high
oil temperature or excessively high or low oil
pressure, as indicated by the instruments and
warning lights. Should these indicators warn of
difficulty, land as soon as possible with minimum
use of power, autorotating if practical. Should a
warning occur while over water or unlandable
terrain, attempt to reach the closest landable
area at minimum altitude, 10-25 feet, and slow
airspeed, 30-40 knots IAS. This will lessen the
chance of injury to personnel or damage to
the helicopter in event of complete failure.
The decision to land or continue flight is left
to the pilot.

Note

The use of minimum power will relieve,
the failing part and may considerably
delay complete failure.

DRIVE SYSTEM FAILURE.

Failure of the rotor drive system resulting in the
severance of the interconnecting shafts between
the transmissions should be considered as an
extreme emergency condition. This type of fail-
ure will be noticeable by either a runaway engine
or an unequal distribution of lift between the
rotors. If at altitude sufficient for parachute
descent (over 500 feet), make exit from the heli-

Revised 1 May 1956
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copter. (See figure 3-5 for emergency exits.) If
at low altitudes, immediately reduce the collective
piteh to minimum pitch position, shut off engine,
and autorotate to a landing.

ROTOR BLADE FAILURE.

If a rotor blade should fail, make immediate exit
from the helicopter. Use emergency exits shown
in figure 3-5.

FIRE.

FIRE DETECTOR WARNING LIGHT.

Refer to Section I for description and to figures
1-10 and 3-4 for location.

ENGINE FIRE WHEN STARTING.
If the engine catches fire when attempting to
start, it is due to flooding from excessive priming.
Make every attempt to complete the start. If
not successful, use the following procedure to
extinguish the fire:

1. Starter switch: ENGAGE.

2. Ignition switch: BOTH.

3. Fuel booster pump switch: OFF,

4. Mixture control lever: IDLE CUT-OFF.

5. Throttle: OPEN.
This procedure will normally extinguish the fire.
If the fire continues, use a fire extinguisher. For
location of this item and other emergency equip-
ment, refer to figure 3-6.

ENGINE FIRE DURING FLIGHT.
If engine catches fire during flight, proceed as
follows:

1. Collective pitch lever: Reduce to autorota-
tive position.
. Throttle: CLOSED.
3. Mixture control lever: IDLE CUT-OFF.
4, Fluids shut-off switch: SHUT OFF.
5. Ignition switch: OFF.

6. Autorotate to landing if below 500 feet al-
titude. Above 500 feet it is left to the pilot’s

discretion whether to bail out or autorotate to a
landing. (See figure 3-5 for emergency exits.)

FUSELAGE FIRE.

Two fire extinguishers are provided to fight fires
within the cockpit and cabin (figure 3-6). One
extinguisher is mounted behind the pilot’s seat
and one is mounted in the aft end of the cabin.
If fire cannot be controlled, all personnel bail out
if at sufficient altitude (500 feet). (See figure 3-5
for emergency exits.)

ELECTRICAL FIRE.
Electrical circuits are protected by circuit
breakers and fuses so that any electrical fire will
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be isolated. If electrical fire occurs and eannot be
controlled by the crew, turn battery and genera-
tor switches OFF and land as soon as possible.

Note

The two fire extinguishers provided in
the cockpit and cabin are suitable for
use in fighting electrical fires.

SMOKE ELIMINATION.

After the fire is extinguished, open the cockpit
windows and both rescue and main entrance
doors. Yaw the helicopter to the left to create
airflow toward the main entrance door. For
increased ventilation, snap vents in the cabin
windows may be opened.

LANDING EMERGENCIES (EXCEPT
DITCHING).

Landing emergencies in a helicopter may be con-
strued broadly as that type of landing wherein
the pilot feels that he can bring the helicopter
down without undue injury or danger to person-
nel or the helicopter rather than bailing out. Such
emergencies would be partial failure of one of
the helicopter’s major components, fire, or dam-
age by gunfire to rotor blades, fuselage or nose
section. Conditions incident to the attempting of
such a landing would be as follows:

1. Seriousness of the emergency.

2. Altitude of the helicopter.

3. Terrain over which the helicopter is being
flown.

4. Weather conditions.

5. Type and weight of load being carried.

6. Pilot's opinion as to his_available control of
the helicopter for a reasonably safe landing.

WITH OR WITHOUT POWER.

During descent, accomplish as much of the fol-
lowing as time permits:

1. Warn crew to prepare for an impact land-
ing. Stand by to abandon the helicopter after
landing and be ready to pull emergency equip-
ment, fire extinguishers, etc.

2. Lock shoulder harness.

| WARNING I

When the shoulder harness reel handle
is in the LOCKED position, the cable is
manually locked and the crewmember is
prevented from bending forward. The
pilot should make a prior check to de-
termine which controls he is able to
reach with the harness locked.
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EMERGENCY EXITS

WARNING: . Emergency exits during flight
Do not remove overhead escape panels . P
while in flight or when helicopter is [[]  Emergency exits aftor ditching
on ground with rotors turning. or crash landing

CUT-OUT PANELS
Both Sides

S |LIET HANDLE
o TOJETTISON

1 RESCUE DOOR 2 PILOT'S & CO-PILOT'S WINDCWS
Lift Handle to Jettison Pull Handle to Jettison

Ve |LIFT HANDLE T(/§
4 | JETTIS 0N DOOY |

3 CABIN DOOR 4 OVERHEAD ESCAPE PANELS
Lift Handle to Jettison Pull Tab, Push Out

56 Figure 3-5
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NOTE:
Oxygen not supplied
as emergency equipment

1. Pilot's and Co-Pilot's Seats
with Life Rafis

2. Fire Extinguisher in Cockpit

3. First Aid Kit in Cockpit

4. First Aid Kits in Cabin

5. Fire Extinguisher in Cabin

6. Alternate Stowage for Life Raft

Preferred Stowage for Life Raft

Figure 3-6



Section 1l

3. Unbuckle parachute harness.

4. Just prior to landing, execute an abrupt
flare to cushion the impact, or if with power and
time permits, a brief hover may be used.

5. Land, cut all switches, pilot and co-pilot
jettison windows, crew jettison cabin door and

rescue door,
| WARNING I

Windows and doors must be jettisoned
(with or without power) at or near the
point of touch down to eliminate the
possibility of their fouling the rotor
blades.

6. Clear helicopter immediately.

EMERGENCY LANDING IN HEAVILY
WOODED AREAS.

When flying over heavily wooded areas, the pilot
must always be aware of the possibility of a
forced landing into trees and, consequently,
should be prepared for such an emergency.
The procedure for landing into small trees need
vary only slightly from a normal autorotation
with zero airspeed at point of touchdown.

il Emergency landings into large or tall trees re-

quire a normal autorotative descent almost to
tree top level. As tree top level is approached,
stop all forward speed and allow the helicopter
to settle into the trees in a nose-high attitude.
Apply collective pitch as needed to minimize
the rate of descent, but complete application of
collective pitch before blade contact, as the heli-
coper settles into the trees.

| WARNING I

If sufficient time is available turn off
the ignition, battery, and fluids shut-off
switches during the descent to minimize
the danger of fire.

OPERATION WITH FLAT TIRES.

Do not take off.

If a tire becomes deflated during flight or on
touch down, use extreme care while landing. Do
not attempt a roll-on landing.

Note

Land on firm ground whenever pos-
sible to prevent damage to wheel
castings.
Use the following procedure:
1. Bring helicopter to a steady hover.
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2, Touch down with minimum control motions.
(Helicopter must not be turning or drifting at
time of touch down.)

3. Reduce collective pitch steadily but continu-
ously to minimum pitch, maintaining 2500 rpm,
when contact is made. Do not remain in a condi-
tion of being very light on the landing gear.

4. Disengage rotors immediately and shut

down if no oscillations are apparent.
If resonance is felt when wheels touch, take off
and perform another landing. It must be remem-
bered resonance is more likely to occur when
landing with a flat tire at weights above normal
£ross.

EMERGENCY OPERATION WITH FLOATS.

The flotation equipment is not constructed with
separate compartments; therefore, care must be
exercised when landing to determine that all
floats are inflated sufficiently to support the
weight of the helicopter. Should the floats be
under-inflated; take-off immediately. If an emer-
gency occurs, the flotation equipment may be jet-
tisoned. Refer to Section VII for this procedure.

EMERGENCY ENTRANCE.

Make emergency entrance through the same
openings that are used for exit. Tabs are pro-
vided to pull the locking strip from the rubber
grommet which surrounds each emergency exit
panel. In case emergency entrance cannot be
effected through the conventional openings, cut-
out locations are painted on both sides of the
fuselage as shown in figure 3-5.

DITCHING.
WITHOUT POWER.
Establish autorotative descent into the wind.
During descent, accomplish as much of the fol-
lowing as time permits:

1. Warn crew to prepare for ditching.

2. Lock shoulder harness.

‘ WARNING I

When the shoulder harness reel handle
is in the LOCKED position, the cable is
manually locked and the crewmember is
prevented from bending forward. The
pilot should make a prior check to de-
termine which controls he is able to
reach with the harness locked.

3. Unbuckle parachute harness.
4. Jettison pilot and co-pilot windows.

Revised 1 May 1956
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5. Just above the surface (approximately 20 to
30 feet) execute an abrupt flare. Passengers or
crewmembers jettison main entrance door and
‘rescue door at this point.

6. Spill flare to a moderately “tail low” atti-
tude, using rotor energy to cushion the impact.

7. As tail contacts the water, apply full left
lateral control. This procedure will cause the
rotor blades to be stopped by contact with the
water and eliminate the possibility of the blades
injuring personnel abandoning the helicopter,

8. Release safety belt.

9. Remove life raft and clear helicopter im-
mediately.

Revised 1 May 1956
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Note

If the entrance and rescue doors were
not jettisoned, the transparent panels
can be pushed out by applying pressure
to the center of panel. Two overhead
panels (figure 3-5) also are provided in
the cabin. To release, pull the tab which
is attached to the filler strip in the grom-
met surrounding these panels. Push the
panel out. Never push these two over-
head panels out while in flight or when
on the ground with rotors turning.

WITH POWER.

During descent, accomplish as much of the fol-
lowing as time permits:
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1. Warn crew to prepare for ditching.
2. Lock shoulder harness.

. WARNING I

When the shoulder harness reel handle
is in the LOCKED position, the cable is
manually locked and the erewmember is
prevented from bending forward. The
pilot should make a prior check to de-
termine which controls he is able to
reach with the harness locked.

3. Unbuckle parachute harness.

4. Jettison pilot and co-pilot windows.

5. Hstablish hovering flight five to ten feet
above the water.

6. Passenger or crewmember jettison the main
entrance door and/or rescue door while hovering.

7. Remove life rafts.

8. Passengers and non-essential crewmembers
board life rafts.

9, Effect a normal landing and, as the landing
gear touches the water, apply full left lateral
control to stop rotor blades.

10. Release safety belt.

11. Remove life raft and clear helicopter im-
mediately.

As an alternate procedure when sufficient fuel is
not available for extensive hover, the following is
recommended :

1. Perform operations as outlined in steps 1.
through 6. above.

2. Effect a normal landing and, as the landing
gear touches the water, apply full left lateral con-
trol to stop the rotors.

3. Release safety belt.

4. Leave the helicopter immediately.

BAILOUT PROCEDURE.

Many different procedures can be employed for
bailout. However, experience has proved that the
safest procedure is to make immediate exit from
the helicopter through the nearest emergency exit.

Note

Many factors such as a pilot’s height,
weight, physical size and agility as well
as altitude, attitude, and forward speed
of the helicopter may affect a pilot’s
method of bailout.

Since the fastest and safest procedure for bail-
out depends upon the individual, it is recom-
mended that Flight Personnel practice (on the
ground) the gemeral procedure given in the sub-
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sequent text, and adopt a similar method best
suited to the individual for the quickest exit. It is
estimated that bailout should be accomplished in
four seconds.

Note

Many combinations of attitudes of flight
may be obtained in the helicopter. There-
fore, the standard bailout procedures
used in fixed wing aircraft are not
applicable to helicopter bailout in every
instance.
PILOT BAILOUT.
A sliding window (figure 3-5) is provided on
either side of the cockpit. For rapid emergency
exit, proceed as follows:
1. Window jettison:
below :

a. Open to at least first notch.

b. Pull jettison handle at top of window.

¢. Push out at upper rear corner of window.

2. Safety belt and shoulder harness: Release.
3. Exit: Accomplish as noted below:

a. Grasp lower window ledge with both
hands, pull up out of seat, and exit head
first, or grasp upper window ledge and
exit backwards.

b. Push against console or seat with feet to
gain added impetus.

4. Parachute release: Make a short, free fall
before opening the parachute to prevent the
possibility of its entanglement with the helicopter.

Accomplish as noted

CAUTION

When releasing the safety belt for emergency exit, throw
the ends outward so that the parachute harness will not
catch on the adjustment buckles of the shoulder harness.

PASSENGER OR CREWMEMBER BAILOUT.
For passengers in the main cabin, the main
entrance door and rescue door (figure 3-5) are

59



Section Il

jettisonable. These doors may be jettisoned by
pulling the designated jettison handle. This al-
lows the entire door assembly to fall free. For
rapid emergency exit, proceed as follows:

1. Safety belt and shoulder harness: Release.

2. Cabin door or rescue door: Open or
Jettison. Plexiglas panels in both these doors can
be pushed out if the door cannot be opened or
jettisoned.

3. Exit: Go out head first.

4. Parachute release: Make a short, free fall
before opening the parachute to prevent the
possibility of entanglement with the helicopter.

GROUND RESONANCE.

Ground resonance is a vibratory condition present
in a helicopter while on the ground with its rotors
turning. Refer to Ground Resonance, Section VI.

RECOVERY.

Should ground resonance occur, the most posi-
tive and safest means of recovery is to apply
enough power to become airborne immediately.
If resonance is severe before take-off is accom-
plished, it may continue for two or three oscilla-
tions before dampening even after the helicopter
is clear of the ground. When resonance has
stopped, the flight may be continued or a new
landing performed. If take-off is not possible, cut
collective pitch and rotor speed at once.

FUEL SYSTEM EMERGENCY OPERATION.
FUEL PUMP FAILURE.

DURING GROUND OPERATION.

If fuel pressure drops below the operating limits,
but engine continues to operate normally, do not
take off. Shut down immediately, investigate the
cause, and correct,

DURING FLIGHT.
If a drop in fuel pressure is noted during flight,
switch the fuel booster pump switch to the HIGH
position immediately. The electric fuel booster
pump will then supply the necessary fuel to the
engine. If fuel pressure drops below operating
limits but the engine operates normally, the
cause may be one or more of the following:

1. Primer solenoid leakage.

2. Oil dilution solenoid leakage.

3. Engine-driven fuel pump bypass valve
leakage.

4, Clogged pressure line.

5. Instrument failure,

6. Line leakage.
While on the ground, serious leakage may be
detected by the presence of fuel beneath the heli-
copter. While in flight, the seriousness of a leak
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in the fuel tank compartment or in the engine
compartment cannot be determined due to the
inaccessible location of these compartments. If a
fuel leak is suspected during flight, effect a land-
ing as soon as possible and check to determine
whether it is safe to continue the mission or if
repairs must be made. Closely observe the fire
warning light in the overhead switeh panel dur-
ing flight and while landing if trouble of this
nature is suspected.

ELECTRICAL SYSTEM EMERGENCY
OPERATION.

POWER FAILURE.

Electrical power failure duyring flight, due to an
overvoltage or undervoltage condition, will be
indicated by the illumination of the generator fail-
ure warning light located on the overhead switch
panel. If the warning light illuminates, hold the
generator switch in the RESET position, momen-
tarily, then throw the switch to the ON position.
If the warning light goes out, the system has
returned to a normal condition. Continued illu-
mination of this light indicates that the generator
is not functioning properly. Place the battery
switch in the EMERG position and the inverter
switch in the SPARE position to disconnect all
non-essential equipment from the system. The
utility lights (C4A), fire detector light, flight
instrument lights, spare inverter, turn and bank
indicator, and warning lights will operate.

The main inverter warning light will illuminate
even though no failure of the main inverter has
occurred.

If the spare inverter fails, indicated by the NO AC
warning light, place the battery switch ON and
the inverter switch to MAIN. All radio and elec-
trical equipment will then be operating on the
battery alone. Pull all circuit breakers not re-
quired for flight to conserve battery power.
Figure 3-7 presents a general procedure for
Flight Crew trouble shooting of electrical system.

HYDRAULIC CONTROL SYSTEM
EMERGENCY OPERATION.

PRESSURE FAILURE.
If the hydraulic flight control system pressure is
lost due to pump failure, ete, turn the control
valve off and fly the helicopter manually.

Note

If any of the above systems fail, the
helicopter can be operated only on an
emergency basis. It is recommended that
landing be made as soon as possible.

MANUAL CLUTCH ENGAGEMENT.
See Section VII for procedure.

Revised 1 May 1956
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Section Il

DESCRIPTION OF MALFUNCTION
GENERATOR DC ELECTRICAL SYSTEM

El \fl:':;ulilndicaﬁon o Probable Causes of Immediate Action
setiicel Syviam helars Electrical Syste hich can b lished
with Generator Switch ystem (which can be accomplishe
in On Position Failure by Flight Crew)
Voltmeter | Loadmeter | Generator 1. If the warning light is ON, a ground fault is . Place the battery switch in EMERG position;
normal or | high, off warning probably between the generator and the turn the generator switch OFF. Inspect the
below scale light may be distribution box. If the warning light is main bus to clear the fault.
ON or OFF OFF, a ground fault is probably on the
main or emergency bus.
Voltmeter | Loadmeter | Generator I. Voltage regulator not properly adjusted. . Turn rheostat on voltage regulater counter-
reads reads warning 2. Defective rheostat in voltage regulator. clockwise to lower the voltage. If the volt-
above 30Y| normal light OFF 3, Contact points in voltage regulator stuck. age cannot ke reduced, turn the generator
4, Open circuit to voltage coil in voltage switch OFF and the battery switch to
regulator. EMERG.
Voltmeter | Loadmeter | Generator 1. Voltage regulator not properly adjusted. . Turn rheostat on voltage regulator clockwise
reads be- |reads warning 2. Poor connection in generator field circuit. to obtain proper reading. If unable to
low normal | normal light OFF 3. Poor contacts at base of voltage regulator. obtain proper voltmeter reading, turn gen-
4, Defective voltmeter. erator switch OFF and battery switch to
EMERG.
Voltmeter | Loadmeter | Generator I, Generator switch not turned ONM. . Place generator switch in ON position.
reads reads warning 2. Defective loadmeter. . If condition still exists, place generator
normal z8ro light ON 3. Defective shunt. switch in OFF position and battery switch
4, Improperly connected loadmeter, in EMERG position.
5. Defective reverse current relay.
6. Defective generator field control relay.
Voltmeter | Loadmeter | Generator I. Press-to-test feature of the warning light . Operate press-to-test feature of warning
reads reads warning assembly is stuck. light to determine proper operation.
normal normal light ON 2. Indicating needle of voltmeter is stuck. . Tap voltmeter lightly to determine whether
3. Warning light relay defective. or not needle is stuck.

. If, after tapping the voltmeter, the dl
indicates excessively high voltage, turn gen-
erator switch OFF and battery switch to
EMERG.

Yoltmeter | Loadmeter | Generator |, Generator not developing voltage. . Place generator switch in the OFF position.
reads reads warning 2. Open circuit in voltage regulator. . After a few minutes, momentarily hold the
16r0 ero light ON 3. Generator armature burned out. generator switch in the RESET position.
4. Brushes excessively worn. . If the voltmeter reading is normal, place
5. Generator armature or field shorted or the generator switch in ON position,
grounded. . If the failure still exists, place generator
6. Commutator very rough, pitted, or dirty. switch in OFF position and leave off.
7. Contacts in overvoltage relay stuck. . Place battery switch in-EMERG position.
8. Defective generator switch.
9. Open voltage regulator circuit breaker.
Special Notes
I. It is assumed that all electrical equipment is operating 3. No means are available to energize the field relay “trip"

properly at the start of flight,

2, The generater switch controls the reverse current relay,
overvoltage relay, and generator field control reset coil, 4,

as follows:

coil except by actuation of overvoltage relay by over-

voltage condition,

The generator warning light will light if:

a. Press-to-test case is operated.

a.

b.

Generator switch in ON position closes circuit to
overvoltage relay and reverse current relay.

Generator switch in OFF position disconnects
circuit to overvoltage relay and reverse current
relay.

Generator switch in RESET position closes circuit
to generator field control reset coil.

b.

Overvoltage occurs and overvoltage relay dis-
connects generator from system,

. Generator voltage is less than battery voltage

and reverse current relay disconnects generator
from system.

, Generator switch is not turned ON.

Warning light relay should become defective.

Figure 3-7
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HEATING SYSTEM.

The helicopter recirculating air heater system
(figure 4-1) is composed mainly of a combustion
type burner with an output potential of 200,000
BTU/hour, an electrically-powered blower, and
ducting for the transfer of heated air from the
unit to the cockpit and cabin areas. The helicopter
heating and ventilating unit is located forward
of the rescue door on the right side of the cabin.
Fuel for the combustion unit is supplied from the
engine fuel system by means of the fuel booster
pump. Refer to figure 4-1 for location of fuel
transfer components.

The heating system may be operated by either
the pilot or the co-pilot and can be started with
or without the engine running. However, the bat-
tery switch must be in the ON position. The pres-
sure regulator on the heating unit is set for 15 psi
which provides for proper operation of the heater
with the fuel booster pump switch in either LOW
or HIGH position. The heater switch (figure 4-1)
energizes the blower motor and supplies current
to the air pressure switch, Air pressure induced
against the diaphragm of the air pressure switch,
forces its contact against the point previously
electrically energized by the closing of the heater
switch. This automatically closes the circuit which
opens the¢ fuel solenoid at the firewall, fires the
igrfiter, and also actuates the cycling solenoid in
the fuel transfer line. The cycling solenoid is
automatically controlled by the cycling thermal
switch in the heater, thus regulating the amount
of fuel supplied to the heater combustion unit.

, it AUXILIARY
e EQUIPMENT

Section IV

DESCRIPTION AND
OPERATION OF
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A portion of the air from the blower is forced
into the heater combustion chamber, mixed with
the fuel, is ignited, and when burned, is voided
through the exhaust. The remaining air circulates
around the combustion chamber, is heated, and
is forced through the heat ducts.

HEATER SWITCHES.

The 2-position, ON-OFF, switches for the heater,
blower, and battery are located on the overhead
switch panel. The 2-position, HIGH-LOW, fuel
booster pump switch is located on the console
switch panel.

Note

Use of the blower ON-OFF switch is
only required when air recirculation is
desired and need not be placed ON for
heater operation.

The cycling thermal switch on the YH-21 is fixed
to keep the heater at a pre-set temperature dur-
ing operation. The cycling thermal switch on the
H-21A has a control located on the top of the
heater that can be set to a desired temperature
for heater operation.

BALANCE VALVE CONTROL.

A balance valve (figure 4-1) divides the flow of
heated air between the cabin and the cbckpit and
provides a range of air flow to the cockpit from
just below 50 per cent, to a full flow of 100 per
cent of the heater output. This control is located
at the top of the heater on the outboard side. In-
structions for proper positioning are located on
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HEATING & VENTILATING SYSTEM
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Figure 4-1. [(Sheet 2 of 2)
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the top of the fairing surrounding the heater. As
will be noted, the 3/4-open position provides the
optimum flow to both the cockpit and the eabin,
the vertical position of the valve provides maxi-
mum flow to the cabin, and the horizontal position
of the valve provides maximum flow to the cockpit.

COCKPIT HEAT CONTROLS.

Ducts lead from the heater to the pilots’ foot
warmers and the windshield defrosters. The
amount of heated air required for the foot warm-
ers is metered through two anemostats (con-
trollable air outlets). The PUSH-PULL manual
control lever for the foot warmers is located on
the co-pilot’s side of the console. Full forward
position closes the foot warmer outlet and full aft
opens it. The lever may be positioned at any inter-
mediate point. When closed, the entire output of
the cockpit heat is sent to the defrosters where,
by opening the defroster control knobs (figure
4-1), anti-icing or de-icing of the pilot’s clear
vision glass panel and the co-pilot’s transparent
plastic panel may be accomplished.

CABIN HEAT CONTROLS.

Ducts also go rearward, from the heater, along
the cabin ceiling for cabin heating. The ducts also
provide heat for the transmissions, two drive
shaft bearings, and the engine compartment in
order to preheat the engine prior to starting.
Refer to Ground Heating for Engine in Section
IX. Several types of controls (figure 4-1) are
provided in the ducting to distribute heat to com-
ponents of the helicopter. These controls are
manually operated. To direct heat to the forward
transmission, a 2-position, OPEN-CLOSED, valve
(figure 4-1) is located on the forward end of
the ducting, left side. A 2-position, CLOSED-
OPEN, valve (figure 4-1) is located below each
of the two shaft bearings in the cabin. Two iris
valves (figure 4-1) limit the flow of heated air
to the mid transmission, engine section, and aft
transmission. In addition, the cabin has four
anemostats (controllable air outlets) at evenly
spaced intervals in the overhead ducting. These
can be operated by the passengers. The anemostat
controls (figure 4-1) are of the manual type,
located on the outer edge of the air outlets. They
are marked to indicate CLOSED, 25%, 50%,
75%, and OPEN positions. Refer to figure 4-2
for heated air flow in flight.

NORMAL OPERATION—HEATER.
In order to ascertain that there is sufficient air
pressure (especially in flight) to actuate the air-
actuated pressure switech which controls ignition
and fuel flow for the heater, the following pro-
cedure is recommended:
1. Balance valve: CLOSED.
2. Foot warmer control lever:
3. Defroster controls: OFF.
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4. Battery switch: BAT.
5. Fuel booster pump switch:
6. Heater switch: ON.

Note

The heater should be turned off five
minutes before stopping the helicopter
engine. However, the fuel remaining in
the combustion chamber will continue to
burn until exhausted after the heater
has been turned off, eliminating the
danger of uncontrolled fumes being
present in the helicopter.

NORMAL OPERATION—HEATING SYSTEM.
Four basic heat flow variations may be obtained
from this system as follows:
1. Maximum cockpit heat.
2. Defroster operation.
3. Desired heat level for both cockpit and cabin.
4. Maximum cabin heat.
MAXIMUM COCKPIT HEAT
(FOOT WARMERS).

1. Heater controls: Position as noted under
Normal Operation—Heater.

2. Foot warmer control lever:

DEFROSTER OPERATION.

MAXIMUM HEAT. To obtain maximum heat
flow from the defroster outlets, proceed as fol-
lows:

1. Heater controls: Position as noted under
Normal Operation—Heater.

2. Defroster control levers: ON,
3. Foot warmer control lever: Push to close.

4. Balance valve: CLOSED. (Horizontal posi-
tion,)

HIGH or LOW.

Pull to open.

Note

Since heat flow from the defroster out-
lets while other heating system controls
are OPEN is lessened considerably, the
pilot should adjust cockpit heat and
cabin heat as required under this condi-
tion to obtain sufficient flow for de-
froster operation.

CABIN AND COCKPIT HEAT.

1. Heater controls: Position as noted under
Normal Operation—Heater.

2. Defroster control levers: OFF.

3. Foot warmer control lever: Pull to desired
position,

4. Cabin heat anemostat outlets:
required for desired heat flow.

Note

Heat in the cabin cannot be obtained
unless the anemostats (adjustable cabin

Position as
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heat outlets) are open. Hot air from
the heater will then be forced through
these louvers.

5. Balance valve: Move to 3/4 OPEN or ad-
just to obtain desired heat level in both cabin
and cockpit.

6. Shaft bearing heat controls: CLOSED.

7. Forward transmission heat control:
CLOSED.

8. Heat duct valves (in aft part of cabin):
CLOSED.

MAXIMUM CABIN HEAT.

1. Heater controls: Position as noted under
Normal Operation—Heater.

2. Foot warmer control lever: Push to close.

3. Defroster control levers: OFF.

4. Balance valve: OPENED. (Vertical posi-
tion.)

5. Cabin heat anemostat outlets: OPENED.

6. Shaft bearing heat controls: CLOSED.

7. Forward transmission heat control:
CLOSED.

8. Heat duct valves (in aft part of cabin):
CLOSED.

EMERGENCY OPERATION.

The heater ignition unit has a reserve set of vibra-
tor contacts for use in case the main contacts burn

HEATED AIR FLOW

Secthion IV

out or become fouled. The spare contacts can be
put in operation by pulling out the push-pull
switch on the bottom of the ignition unit.

VENTILATING SYSTEM.

The blower may be used for circulation of air
throughout the cockpit and cabin when outside air
temperatures are high. Air from beneath the
cabin floor is forced through the ducting and out
the anemostats to provide the desired circulation.
No cooling of air occurs in this process. Snap
vents in the cabin windows may be opened and
set to permit the entrance of outside air as desired.

BLOWER CONTROL SWITCH.

A 2-position, ON-OFF, blower switch is located
on the overhead switch panel (figure 1-10).
NORMAL OPERATION

1. Blower switch: ON.
2. Heater switch: OFF,

ANTI-ICING AND DE-ICING SYSTEMS.

PITOT HEAT.

To prevent ice accumulation in the pitot tube,
locted on the underside of the fuselage, a heat-
ing element is provided in the pitot head. Elec-
tricity (d-c) is supplied to the heating element

CODE
zivi ] Warmed Air

INFLIGHT DEFROSTING

n Hot Air under Pressure
= Direction of Hot Air Flow

Figure 4-2
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when the battery switch and pitot switch are
placed ON,

WARNING

Do not operate for more than five
minutes on the ground.

COMMUNICATION EQUIPMENT.

The communication equipment (figure 4-3) con-
sists of radio and interphone systems to provide

communication between the

helicopter and

ground stations, between the helicopter and other
aircraft, reception of antematic direction finder
bearings, automatic homing bearings, and inter-
phone communication between members of the

COMMUNICATION EQUIPMENT

Lacation
Type Dasignotion Function Opserator Range of
Contrels
Interphone USAF Combat Intercommunication Pilot Between Console
Interphone Between Crewmembers Co-Pilot Crewmembers Hoist Station
Crew Litter Station
LF Receiver AN/ARN-6 Automatie Radio Pilot 50 to 100 Overhead
Direction Finding railes for Switch Panel
range sighals
100 to 250
miles for
broadeast
signals
VHF Receiver AN/ARN-14 Reception of Radio Pilot 30 miles at Lower part
Aida to Navigation Co-Pilot 1008 feet of Console
135 miles at
10,000 feet
VHF Command AN/ARC-3 Two-way Voice Pilot 30 miles at Lower part
Communication Co-Pilot 1000 feet of Console
135 miles at
10,000 feet
UHF Command AN/ARC-27 Two-way Voice Pilot 30 miles at Lower part
Communication Co-Pilot 1000 feet of Censcle
135 miles at
10,000 feet
Homing AN/ARA-8A Radio Navigation Pilot 30 miles at Lower part
Adapter and Homing Co-Pilot 1000 feet of Console
135 miles at
14,000 feet
Keyer AN/ARA-26 Emergency Keying Pilot 30 miles at Qverhead
Adapter Co-Filat 1000 feet Switch Panel
135 mileg at
10,000 feet

estimated as approximately L5 VH, where H = Altitude in feet,

Due to the fact that the electronic equipment can be interchanged in field operation, depending upon use of
the helicopter, no attempt is made te note the effectivity of installation.

Notes: The communication range in miles of the YHF and UHF equipment depends on many factors. It can be

Figure 4-3
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crew of the helicopter. Antennas for these units
are located as shown in figure 4-4, The equipment
listed in figure 4-3 is available in four different
combinations depending upon the mission of
the helicopter. The various radio controls
are located in the cockpit. The transmitters,
receivers and amplifiers are located at the for-
ward cabin bulkhead on the left side. Headset
and microphone jack boxes are located at the
pilot’s, co-pilot’s, rescue hoist operator’s station,
and litter attendant’s station. A functional break-
down of the radio equipment is given in the
following paragraphs.

USAF COMBAT INTERPHONE.

This system is conventional and provides for
interphone communication between pilots and
crewmembers. The system is started when the
battery switch is placed ON. The amplifier switeh
will normally be safety wired ON.

There are junction boxes on the bulkhead behind
the pilot and co-pilot for plugging in the headset

. jacks. The rescue station and litter station have

junction boxes for similar use by the ecrew-
members for intercommunication only.

—
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AN/ARC-3 AN/ARA-8A

AN/ARC-27

Section IV

SELECTOR SWITCH—COCKPIT.
This switch (figure 4-5) located on the console,
allows use of this equipment as follows:

1. INTER: Interphone communication be-
tween crewmembers.

2. RADIO: Transmission and reception by
means of the AN/ARC-27 or AN/ARC-3.

3. NAV RECEIVER: Reception of naviga-
tion facilities by means of the AN/ARN-6 or the
AN/ARN-14. The volume control enables the
pilot and co-pilot to adjust the signals from the
above facilities to the proper level of headset
volume. There is an ICS-RADIO trigger switch
on each of the pilots’ eyclic sticks marked RADIO
and INTERPHONE.

SELECTOR SWITCH—CABIN.

A 3-position MIKE (microphone) ON, MOM
(momentary) ON-OFF switch (figure 4-6) is
located on the hoist operator’s panel. The litter
attendant’s panel (figure 4-6) is equipped with a
3-position NORMAL—HOT—INTERPHONE—
CALL switch.

INTERPHONE CONTROLS.

Volume to and from all helicopter stations is
controlled by the control knob marked VOLUME
(figure 4-5) on the interphone control panel.

AN/ARN-14 A

AN/ARN-6 SENS

AN/ARN-6 LOOP

Figure 4-4
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NORMAL OPERATION—COCKPIT,
1. Battery switch: BAT.
2. Selector switch: Desired position.

3. Trigger switch: Press to first detent to
transmit, release to receive.

Note
The trigger switch (figure 4-7) is held
at the first detent for interphone
operation and is positioned at the

second detent for transmitting on the
AN/ARC-3 or AN/ARC-27 radio units.

NORMAL OPERATION—CABIN.

RESCUE HOIST OPERATOR. Proceed as fol-
lows:

1. Selector switch: OFF (for receiving).
a. Press pickle switch to transmit.

2. Selector switch: MON ON (for transmis-
sion of urgent messages—will interrupt other
transmission).

3. Selector switch:
free operation).
LITTER ATTENDANT. Reception or trans-
mission of messages can be accomplished as
follows:

MIKE ON (for hands

T.0. 1H-21(Y)-1

1. Selector switch: NORMAL (for receiving).
a. Press pickle switch to transmit.

2. Selector switch: CALL (for transmission
of urgent messages—will interrupt other trans-
mission).

3. Selector switch:
hands free operation).

Note
The MOM ON and CALL positions are
momentary contacts, and the switch will
return to the .center position when re-
leased. The switch must be returned
manually to the center position from
the MIKE ON or HOT INTERPHONE
positions.
AN/ARN-6 RADIO COMPASS.
The radio compass (figure 4-8) is an airborne
automatic direction finder capable of providing
automatic visual bearing and simultaneous aural
reception of the direction of a modulated or un-
modulated radio frequency signal. The frequency
range, covered in four bands, is from 100-1750
kilocycles.

SWITCHES AND. CONTROLS.

The control box, located on the overhead instru-
ment panel, contains all the controls necessary

HOT INTERPHONE (for

INTERPHONE

VOLUME

AV

RECEIVER

Figure 4-5
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Section 1V

INTERPHONE
CONTROLS
IN CABIN

Figure 4-6

for the operation of the equipment. They are:
funetion switch, antenna tuning meter, LOOP
L-R switeh, frequency selector switch, volume
control, CW-Voice switch, light dimming switeh,
tuning crank, and spare lamp receptacles. In-
direct lighting of the panel is provided by the
use of recessed panel lights.

The purpose of the function switch is to turn the
equipment on or off and permit the selection of
one of the three methods of operation. The
antenna tuning meter is used as a visual indica-
tion of the strength of the received signal. The
Loop L-R switch is used when it is necessary to
rotate the loop to the right or left. The frequency
selector switch permits the selection of any one of
the four available reception bands. The volume
control adjusts:for comfortable volume in the
headsets. The light dimming switch connects or
disconnects a resistor in the panel light cireuit to
change the brilliance of the lights. The funetion
of the tuning crank is to permit the tuning in of
a selected broadcasting station after the frequency
selector switch has been turned to the proper
band. The purpose of the CW-Voice switch is to
permit the selection of reception of continuous
wave signals or modulated signals (voice or tone).
Greater accuracy in tuning may be obtained by

placing this switeh in the CW position. A 900-
eyele tone will be heard in the headset along with
the station modulation to aid in accurate tuning.

"After tuning, the switch is returned to VOICE to

eliminate the 900-cycle tone. The equipment is
placed in an operating condition by turning the
function switch from the OFF position.

Note
The CONT (control) position of the
function switch does not apply to this
installation. However, if the switch is
placed in the CONT position, it must be
returned to OFF before one of the three
switeh positions is selected.

NORMAL OPERATION.,
HOMING COMPASS. To use the radio compass
as a homing device, proceed as follows:

1. Turn the function selector switch to COMP
(compass) .

2. Rotate the band selector switch to the fre-
quency band in which operation is desired.

3. Turn the tuning erank to the desired station
and tune for maximum swing on the antenna tun-
ing meter. (Greater acecuracy may be obtained by
placing the CW-Voice switch in the CW (con-
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tinuous wave) position until the station has been
tuned in, then placing switch in VOICE position.)

4, Adjust the volume control for comfortable
headset level.

5. Listen for station identification to be sure
the desired station is the one being received.

6. Turn the VAR (variable) knob on the indi-
cator until the azimuth zero is at the index.
The indicator pointer will now indicate the bear-
ing of the station antenna relative to the heli-
copter heading. If the pointer is to the left of zero,
the antenna is to the left; if the pointer is to the
right of zero, the antenna is to the right. The
course should be changed to the right or left until
the pointer is at zero. If the pointer is maintained
at the zero reading, the helicopter should eventu-
ally fly over the station antenna. To fly a straight
line, compensation must be made for wind drift.

POSITION FINDING. There are two methods
of position finding, automatic and aural-null.
Before using either method, the following steps
should be taken in order to shorten the time for
a complete set of bearings:

1. Select three stations whose geographical
locations are equally spaced about the helicopter.

2. Tune in the stations as outlined under the
preceding paragraphs, identify them, and log
their dial readings.
Automatic Method., The following procedure is
recommended :

1. Adjust VAR knob on the indicator until its
bearing scale at the index is the same as the
magnetic heading.
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2. Set the function switch to COMP.

3. Tune in the three selected stations as quickly
as possible and record the bearings. The recorded
bearings will be the station-to-helicopter bearings
from north.

4. On a chart, project lines from the stations at
the recorded bearings, The position of the heli-
copter should be within the small triangle formed
by the intersection of the projected lines.
Aural-Null Method. Proceed as follows:

1. Adjust VAR knob on the indicator until its
bearing scale at the index is the same as the true
magnetic heading.

2. Set the funetion switeh to LOOP.

3. Tune in the desired station. To obtain good
signal strength for station identification, it may
be necessary to rotate the loop by means of the
Loop L-R switch. Direction and speed of the loop’s
rotation is controiled by direction and amount of
switch rotation.

4. Rotate the loop for minimum headset
volume by using the Loop L-R switch. Record the
bearing of the indicator pointer. Better definition
of the minimum signal may be obtained by turn-
ing the volume control fully clockwise and locating
the null by listening for the minimum audio signal
or noting a counterclockwise dip in the tuning
meter.

Note

Position finding with funection switch in
LOOP position is subject to a 180-degree
error since there are two null points.
This condition may be overcome by

TRIGGER SWITCH

on CYCLIC STICK

Figure 4-7

72



T.0. TH-21(Y)-1

Section IV

Figure 4-8

keeping aware of the general geographi-
cal location and selecting stations located
well to the left or right of the course
being flown,

RECEIVER OPERATION. The
may be used as a receiver.

Antenna Operation. Adjust switches and con-
trols as follows:

1. Turn function selector switch to ANT posi-
tion.

2, Turn frequency selector switch to desired
frequency band.

3. Use the tuning crank to tune in desired
station.

4. Adjust the volume control for desired head-
set volume. For best definition of radio range sta-
tions, adjust the volume control for the lowest
usable volume and continue to reduce volume as
the A-N signals increase in strength.

Loop Reception. If reception on ANT is noisy
due to statie, better results may be obtained by
operating in LOOP position as follows:

1. Turn the function switch to LOOP position.

2, Turn the frequency selector switch to the
desired frequency band.

3. Tune in desired station.

AN/ARN-6

4. Adjust volume control for desired headset
volume.

5. Rotate loop with Loop L-R switch until maxi-
mum signal is obtained.

6. For best definition of radio range A-N
signals with function switch in LOOP, it is neces-
sary to maintain the loop near the 90- or 270-
degree position and adjust the volume control for
lowest usable headset volume,

Note

Cone of silence indications are not
always reliable with function switeh in
LOOP. In some cases, an increase instead
of a decrease in signals may be noted.
This is the result of certain types of
radio range transmitting antennas and
the loop location on the helicopter.

OPERATING PRECAUTIONS. It is recom-
mended that the following be observed during
operation of this equipment:

1. Select radio stations that provide stable
bearings.

2, Use only a station for bearing that can be
identified by headset signal with function switch
in COMP position.

3. Use high powered, clear channel stations
when possible. 73
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4. Tune the receiver accurately.

5. Check station identification, especially sta-
tions broadcasting network programs.

6. Use at least three stations with bearings
spaced at approximate equal intervals through-
out the 360 degrees for greatest accuracy.

7. Always keep helicopter on a steady level

heading while taking bearings.
Night effect or reflection of radio waves from
the sky may be recognized by fAuctuations in
bearings. Night effect is worse at sunrise and
sunset. The higher the frequency of operation,
the greater the night effect. It may be present at
distances over 20 miles when receiving 850-1750
kilocycle stations; however, with 100-450 kilo-
cycle stations, reliable bearings above 204 miles
can be taken even when night effect is present.
To remedy night effect increase altitude, thereby
increasing signal strength of direct wave, and
use stations operating on lower frequencies.

AN/ARN-14 YHF NAVIGATION SYSTEM.

Note
All AN/ARN-14 equipment has heen
removed from the helicopters; however,
the electrical wiring for this equipment
will remain installed,

The AN/ARN-14 navigation system (figure 4-9)
is a radio receiving system which provides all the
radio navigational aids now available in the VHF
range of 108-135 megacycles.

CONTROLS,

All the controls which are necessary for the
operation of the AN/ARN-14 are located on the
control panel and consist of an ON-OFF switeh,
volume control knob, frequency selector knobs
(whole frequency, large outer knob, and tenth
megacycle frequency, small inner knob) and a
frequency indicator, The frequency indicator con-
sists of a window through which the selected
frequency appears. Frequency bands and types
of service are shown below,

Tone Localizer {Runway

Locakion) . ... ... 00ieuenis 108.0-111.9 me
VHF Vigual-Aural Range

(Airway Location) ........ 108.3-110.3 me
Weather Broadeasts ......... 111.0-111.9 me
Omni-Directional Range

{Radial Location) ......... 112.0-117.9 me
Tower Communications ...... 118.0-121.% e
General Communications ..... 122.0-135.9 me

NORMAL OPERATION,
FREQUENCY SELECTION. The desired fre-
quency is selected as follows:

Nate

Since all frequencies covered by this
equipment have the numeral 1 as their
74
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first digit, this number is fixed under-
neath FREQ in the window.

1. Rotate the whole megacycle selector knob on
the control panel until the second two digits of
the desired frequency appear on the frequency
indicator.

2. Rotate the tenth megacycle selector knob
until the last digit of the desired frequency
appears on the frequency indicator.

Effective Receiving Hange. Signals within the
frequency range covered by this equipment travel
in straight lines, and reception is primarily gov-
erned by the unobstructed line-of-sight distance
of the receiver from the transmitting antenna. In
order for the effective receiving range of each
service to be fully utilized, the altitude must be
sufficiently high so that the straight line distance
between the helicopter and the transmitting
antenna is not interrupted by the horizon. The
maximum effective receiving range for tone local-
izer service is approximately 20 miles, for omni-
directional service approximately 175 mijles, and
for vhf visual-aural service approximately 150
miles.

COURSE SELECTOR. The course selector
(figure 4-9} is, primarily, an instrument by which
the pilot may observe visually the lateral posi-
tiona! deviation from a selected course. The
indicator provides facilities for use on all three
navigational services covercd by the equipment.
It consists of a radial selector Set knob (figure
4-9) course marker, to-from indicator, vertical
pointer, horizontal pointer, relative heading
pointer, flag alarms, and marker beacon indicator.

Note

The marker beacon indicator, horizontal
pointer, and horizontal flag alarm re-
quire additional receivers which are not
part of the installation.

TONE LOCALIZER SERVICE. This runway
locating service identifies the »ight or left position
of the helicopter with respect to the runway when
a normal approach is being made. The procedure
for operating the eguipment for this service is
as follows:

1. Select the tone localizer station frequency as
previously outlined under Frequency Selection.
Reception of a tone localizer signal of usable
strength is detected aurally in the headset and
visually by means of the movement of the vertical
pointer on the course indicator and by the dis-
appearance of the vertical fag alarm. Identifica-
tion of the station is obtained from the aural
signal which is an international Morse code two-
or-three-letter group.
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Make sure the vertical flag alarm has
disappeared before using the vertical
pointer indication,

2. Make a normal approach to the station as
instructed by the Radio Facilities Chart.

3. Consider the helicopter in the center of the
dial of the course indicator and fly toward the
pointer when flying toward the final approach to
the station.

VHF VISUAL-AURAL RANGE. This is an air-
way locater which gives the lateral location, with
respect to a visual and aural course, of the heli-
copter flying within the range of the visual-aural
station. The procedure for operating the equip-
ment for the service is as follows:

1. Select the station frequency as previously
outlined under Frequency Selection. Reception of
the VAR signal is detected aurally on the headset
and visually by means of the vertical pointer on
the course indicator and by the disappearance of
the vertical flag alarm. The aural signal is either
the international Morse code letter A or N when
off the course or a 1020 cycle per second steady
tone when on course. The visual signal causes

Section 1V

Figure 4-9

the vertical pointer to move to the right or left
of the dial center when off course or to be in the
center of the dial when on course.
2. Observe the position of the visual pointer
and listen to the aural signals in the headset.
3. Fly toward the airway using the visual and
aural information obtained.

' NON-NAVIGATIONAL COMMUNICATIONS.

These services include general and tower com-
munications, and weather broadcasts. The proce-
dure for operating the equipment to receive these
services is merely to select the proper receiving
frequency as previously outlined under Frequency
Selection. Reception of these services is by means
of the headset only.

AN/ARC-3 VHF COMMAND TRANSMITTER AND
RECEIVER.

The AN/ARC-3 is airborne transmitting and
receiving equipment designed to provide radio
communication between helicopters and/or be-
tween the helicopter and ‘ground stations. The
frequency range covered is 100-156 megacycles.
The transmitter and receiver are tuned to eight
pre-selected frequencies.

SWITCHES AND CONTROLS.

The control panel (figure 4-10) contains the
necessary switches for the remote control of the
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AN/ARC-3 CONTROL PANEL
(interchangeable with AN
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VOLUME

|ARC-27)

Figure 4-10

radio equipment. On the left side of the panel
is an 8-position rotary switch, lettered from A
to H; in the center, a volume control and a
DF/TONE push button; and on the right side,
an ON-OFF toggle switch, The purpose of the
DF/TONE push button is to permit the pilot to
transmit tone modulated signals for stations to
take direction finder bearings on the helicopter.
Volume may be adjusted by use of the Volume
Control on the interphone control panel or the
control box.

NORMAL OPERATION.

To communicate by means of this equipment pro-
ceed as follows:

1. Turn ON-OFF switch on control panel ON
and wait approximately one minute for the tubes
in the transmitter and receiver to reach operating
temperature.

2. Rotate selector switch to desired channel and
wait a few seconds for channeling mechanism to
select desired frequency.

3. Turn the switch on the interphone control
panel to the RADIO position.

4. To transmit, press the RADIO-ICS switch
on the eyclic control stick to the second detent.

5. To receive, release the RADIO-ICS switch
and adjust volume for comfortable signal strength.

Note

The trigger switch is held at the first
detent for interphone oper_ation and
is positioned at -the second detent for
transmitting on the AN/ARC-3 or
AN/ARC-27 radio units,
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AN/ARA-26 EMERGENCY KEYER.

The keyer, located on the radio shelf, is an elee-
trical device which will automatically operate an
airborne command or liaison transmitter in case
of emergency.

SWITCHES AND CONTROLS.

A control panel (figure 4-11) is located on the
lower right side of the overhead switch panel and
contains a starting switeh, an indicator lamp and
a panel light, The starting switch is a double
pole single throw, ON-OFF, toggle switch pro-
tected by a guard to prevent accidental starting
of this equipment. The indicator lamp is the
press-to-test type which also provides a means
of checking to determine if power is available to
the keyer.

NORMAL OPERATION.
The keyer is turned on by placing the ON-OFF
switch in the ON position. After completion of
the channeling cyele, it will transmit signals in
the following sequence:

1. SO S three times.

2. Last four digits of the helicopter’s serial
number three times.

3. A series of four-second dashes spaced one
second apart, for bearings, six times.
It will continue to repeat the above signals until
the ON-OFF switch is placed in the OFF position.
Should the ON-OFF switch be placed in the OFF
position after the keyer has been operating, the
transmitter will rechannel to its original position
and the keyer will continue to operate without
sending out any signals until it returns to the
beginning of the sequence.
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RGENCY KEYER

Figure 4-11
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When the keyer is turned off, always
close the red switch guard over the
switch. This prevents accidental tripping
of the keyer ON-OFF switch.

AN/ARC-27 UHF TRANSMITTER-RECEIVER.

The AN/ARC-27 is a transmitter-receiver unit
designed for communication between helicopters
and/or ground stations in the frequency range of
225-399.9 megacycles. The equipment provides
1750 frequency channels in the above range. Pro-
visions are included for the remote selection of
any one of 18 preset frequencies or operation on
a guard frequency. The transmitter may be tone
modulated at 1020 cycles per second for emer-
gency or direction finder purposes. Transmission
and reception are on the same frequency and by
the same antenna. Any one of 1750 frequency
channels may be selected by using the controls
located on a radio shelf and any one of 18 preset
channels or the guard channel may be selected
by using the controls on the console.

SWITCHES AND CONTROLS.

All the controls (figure 4-12) required for the
normal opération of the ARC-27 are located on the
console with the exception of the TONE-VOICE
switch. This switch is located on the control box
on the radio shelf. The console control panel con-
tains a 4-position function switch, a 19-position
frequency selection switch, and a volume control.
The 4-position function switch provides the
following:

Switch Position Function
OFF Transmitter-Receiver and ADF OFF
T/R + G REC Transmitter on STANDBY
Main Receiver ON
ADF on STANDBY
Guard Receiver ON
T/R Transmitter on STANDBY
Mzin Receiver ON
ADF on STANDBY
ALF Transmitter on STANDBY
Guard Receiver on STANDBY
Main Receiver ON
ADF ON
The 19-position switch permits the selection of
the (G) guard frequency or any one of the 18
preset frequencies. The volumé control permits
the headsets to be adjusted for comfortable signal
level.
NORMAL OPERATION.
The recommended_procedure is as follows:
1. Function switch: Turn from OFF position
to method of operation desired.
2. Selector switch: Rotate to (G) or any of
the 18 preset frequencies.
3. Volume control: Adjust to proper headset
level.
4. Trigger switch: Press to second detent to
transmit; release to receive.

AN/ARA-8A HOMING ADAPTER.

The AN/ARA-8A homing adapter is a unit which
is used in conjunction with a vhf receiver to pro-
vide the pilot with a means to home on any trans-
mitter carrier within the frequency range of
120-140 megacycles.

SWITCHES AND CONTROLS.

The control panel (figure 4-13) located on the
console, contains a HOMING-COMM-TRANS
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"AN/ARC-27 CONTROL PAN
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Figure 4-12

switch and a CW-MCW switch. In HOMING
position, it is possible to home on any modulated
(switch in MCW position) or unmodulated
(switch in CW position) radio frequency signal
within the range of the adapter. When the switch
is placed in TRANS position, the vhf transmit-
ter, is used in conjunction with the adapter, is
turned on continuously without the necessity of
holding in the push-to-talk switch on the cyclic
stick.

NORMAL OPERATION.

In order to use the adapter for homing, select the
proper channel of the vhf equipment and place the
switch in HOMING position. If the station being
received is transmitting an unmodulated signal,

g ]

place the CW-MCW switch in the CW position. If
the signal. being received is tone modulated or
audio-pulse rate modulated, place the switch in
the MCW position. These steps place the equip-
ment in operation and ready for use.

Homing by means of this equipment is accom-
plished by properly interpreting the signals
received on the vhf receiver with the homing
adapter in operation as outlined above. Indica-
tion in the headset will consist of a repetition of
one of the Morse code characters D(—--) or
U(--—) ora relatively continuous audio tone. If
the tone is steady, it will indicate to the pilot that
he is heading directly toward the station or that
he is heading directly away from the station.

AN/ARA-8A CONTROL PANEI

Figure 4-13
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This 180-degree difference can be resolved as
follows:

1. If the code character U( .« —) predominates
in the headset, always turn right until the region
of steady tone is reached.

2. If the code character D (— + - ) predominates
in the headset, always turn left until the region
of steady tone is reached.

3. In both the above cases, the helicopter will
be headed directly toward the transmitting
station.

4. Continue to follow steps 1. and 2. and
attempt to fly the path of continuous tone to the
transmitting station.

If it becomes necessary or desirable to have
ground stations take a bearing on the helicopter,
proceed as follows:

1. Contact the desired stations by normal radio
communications and request they take bearings.
Use at least three stations if possible.

2. Place function switch in TRANS position.
The transmitter will send out a signal as long as
the switeh is in this position.

3. After sufficient time has elapsed for the
stations to take bearings, return the switch to
COMM position.

4. Contact the radio stations and request bear-
ings.

5. Plot the bearings on a chart. The projected
lines should form a small triangle. The position
of the helicopter will be approximately in the
center of the triangle.

OPERATING PRECAUTIONS. It is recom-
mended that the following be observed during
operation:

1. As the signal becomes louder indicating
approach to the transmitting station, decrease the
volume control and also decrease altitude if condi-
tions permit.

2. In the immediate vieinity of the station,
overloading of the receiver may cause serious
distortion of the aural homing indication. If the
helicopter should pass over the station without
recognizing it, as soon as the heading changes
from “on course”, the character in the headset
will indicate that a turn of 180 degrees is required
in order to head back toward the station.

3. Homing on one station in the presence of
another station is possible only if the desired sta-
tion has a distinctive tone and is strong enough
to override the undesired station.

4, Homing on one of two stations, both of which
are unmodulated and of nearly equal signal
strength, is not possible with this equipment.

5. Home on no frequency lower than 120
megacycles (120,000 kiloeyeles) or higher than
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140 megacycles (140,000 kilocycles) as it will
seriously affect the accurate functioning of the set.

EMERGENCY OPERATION OF
COMMUNICATION EQUIPMENT.

There is no provision for emergency operation of
the communication equipment. If there is a gen-
erator failure, place the generator $witch in the
OFF position and the battery switch in EMERG.
This will disconnect all non-essential equipment.
If a radio facility is desired, pull all unnecessary
circuit breakers, place the battery switch in BAT
position, and use radio as required.

AUXILIARY POWER PLANT.

A gasoline-powered generator, for auxiliary elec-
trical power, is located on the cabin floor aft of
the radio shelf. An extra long cable is provided
so that it can be plugged into the external power
receptacle. This auxiliary power unit is to be used
only for starting and ground operation of equip-
ment,

NORMAL OPERATION.
In order to start and operate the auxiliary power
unit, proceed as follows:
1. Auxiliary power unit:
to properly exhaust fumes.
2. Auxiliary power plug:
ternal power receptacle.
3. Battery switch: ON.

4. Auxiliary power unit switch:
(Prime as necessary).

5. Battery switch:
ning).

6. Auxiliary power unit switch:

Note

The three-position, START-OFF-RUN,
auxiliary power unit switch is located
aft of the main entrance door.

Move to rescue door

Connect to the ex-

START
OFF (after APU is run-

RUN.

LIGHTING SYSTEM.

EXTERIOR LIGHTS.

The exterior lights (figure 4-14) consist of the
navigation lights and the landing lights. The
navigation lights are: A red light on the left side
of the fuselage, a green light on the right side of
the fuselage, a yellow light on the tail, and two
white lights, one on the top and one on the under-
side of the fuselage. On the bottom of the fuse-
lage there is a fixed and a controllable landing
light (search light).

NORMAL OPERATION.

The position lights switch (figure 4-15) is lo-
cated on the overhead switch panel. A type C-2
flasher flashes the side and tail lights alternating
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Figure 4-14



T.0. 1H-21(Y)-1 Section 1Y

HOIST OPERATOR'S PANEL LITTER LIGHT PANEL
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Figure 4-15

81



Section IV

with the white lights, with the switch in the
FLASHER position. With the switch in the
STEADY position, the navigation lights burn
steadily.

LANDING LIGHT. The YH-21 and H-21A
have an ON-OFF switch (figure 4-15) located on
the collective pitch lever for turning the landing
light on or off. This is a fixed light and shines
straight down.

SEARCH LIGHT. The YH-21 has three
switches (figure 4-15) for controlling the search
light. Two are located on the collective pitch lever
and the third on the hoist operator’s switch panel.
The toggle switch on the collective pitch lever is
labeled ON-OFF and RETRACT. When this
switeh is turned off, the light will go out but the
search light will not retract. By means of the 4-
position Search Light Control switch, the light
can be extended, retracted, rotated to the right or
left, and stopped in any position. The 4-posi-
tion switch on the hoist operator’s switch panel
duplicates the operation of the switch on the
collective pitch lever.

The H-21A has four switches for controlling the
search light. Two are located on the collective
pitch lever (figure 4-15), one on the overhead
switch panel (figure 1-10), and one on the hoist
operator’s switch panel (figure 4-15). The toggle
switch on the collective piteh lever is labeled ON-
OFF and RETRACT. This switch permits the
pilot to turn the light off without changing the
position of the light. The 4-position Search
Light Control switech performs the same function
previously described. The 2-position switch lo-
cated in the overhead switch panel is labeled
SEARCH LIGHT CONTROL PILOT-HOIST
OPERATOR and permits the pilot to override the
hoist operator in the control of the search light.
The 4-position Search Light Control switch
located on the hoist operator’s panel performs
the same function as previously described.

INTERIOR LIGHTS.

The cockpit lighting consists of the instrument
panel lights, cockpit dome light, and two utility
flood lights. The panel lights have individual
shields, and the utility instrument flood lights
serve as a secondary instrument lighting system.
The cabin lighting system consists of two dome
lights for the YH-21 helicopter and three for the
H-21A.

COCKPIT LIGHTS AND SWITCHES.

The instrument panel lights, console lights, over-
head switch panel lights and cockpit dome lights
are controlled by rheostat type switches located
in the overhead switeh panel. (See figure 1-10.)
The brightness of these lights may be increased
by turning the switch pointer controlling the spe-
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cific lighting circuit clockwise. The switch mark-
ings for these various circuits are as follows:

Switeh Marking Lights Operated

SHIELD Flight instrument shield
lights

Flight instrument and en-
gine instrument bayonet
lights

FLOOD LIGHTS

CONSOLE Console lights

OVERHEAD Overhead switch panel
lights B '

DOME Cockpit dome lights

A 2-position, RED-WHITE, selector switch in
the overhead switch panel permits a choice of a
red or white dome light by the pilot.

UTILITY LIGHTS.

Each utility light has a rheostat type ON-OFF
switch as an integral part of its assembly. This
switch, located on the aft part of the light, will
regulate the intensity of the light from the OFF
position to full power. A red button in the light
housing, opposite the switch, may be used for
flashing the light. The red plastic cover may be
left on or removed from the main lens to produce
the color light desired. The entire light can be
removed from its mount and used as a hand light.
A lock screw on the barrel of the light, when
loosened, allows adjustment of the beam.

CABIN LIGHTS.

There are two cabin dome lights in the model
YH-21 (figure 4-15). They are separately con-
trolled by switches located beside each cabin door.
The switch beside the main entrance door con-
trols the aft dome light without the helicopter’s
electrical system being turned on. The switch be-
side the rescue door controls the forward dome
light but cannot be operated without the main
battery switch ON. The model H-21A has three
dome lights in the cabin. The forward two lights
are operated by the switch beside the rescue door
with the main battery switch ON. The aft dome
light is operated by the switch forward of the
main entrance door and can be operated inde-
pendently of the helicopter's main electrical
system.,

LITTER LIGHTS.

There are three blue lights for litter illumination
located on the right side of the helicopter. Each
light (figure 4-15) has a separate switch beside
the light and can be operated independently of
the helicopter’s main electrical system.

EMERGENCY OPERATION.

If the generator fails and with the battery switch
in the EMERG position, the utility lights, instru-
men lights, warning lights, aft dome light, and
litter lights will continue to function.

Since the aft dome light and the litter lights are
connected directly to the battery, these are the
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only lights that can be turned on when all the
cockpit switches are off.

RESCUE HOIST EQUIPMENT.

A hydraulically-operated rescue hoist is provided
for raising and lowering personnel and material
while the helicopter is in a hovering position.
(See figure 4-16.) The hydraulic hoist system
consists of a hydraulic pump mounted on the for-
ward transmission, an electrically- or manually-
operated 4-way valve, a relief valve, and a
flow control valve. The hoist equipment consists
of a reversible hydraulic motor, an adjustable
swinging boom and 100 feet of cable capable of
lifting 400 pounds.

HOIST PUMP AND RELIEF VALVE.

The rescue hoist pump, mounted on and driven
by the forward transmission, is a constant dis-
placement, constant delivery piston pump which
provides a non-pulsating flow of fluid. The pump
is not equipped with a relief valve but the sys-
tem is protected by the relief valve (figure 1-13)
located between the pump and the 4-way con-
trol valve. This relief valve is set to open at
1350 psi and provide full flow at 1500 psi. The
valve will reseat when system pressure drops to
1200 psi. A drain line is provided on the pump
body to drain the cavity between the mounting
pad and the pump body.

FOUR-WAY VALVE.

The solenoid operated 4-way valve (figure 4-16)
is located near the ceiling over the rescue door.
This valve provides a means of controlling the
direction of rotation of the rescue hoist cable
drum. Electrically operated solenoids, controlled
by the pilot’s hoist switch located on the cyclic
stick or the hoist switch located on the hoist
operator’s control panel (figure 4-16), position
a spool within the valve which controls the
hydraulic fluid flow. A handle attached to the
valve allows the 4-way valve to be manually
operated by the hoist operator.

FLOW CONTROL VYALVE.

The flow controt valve (figure 1-13) is located
just above the 4-way valve over the rescue door.
The valve controls the reel-in speed of the rescue
hoist. When the rescue hoist is lifting a heavy
load, hydraulic pressure builds up to a point
where it “cracks” the spring-loaded flow control
valve. This allows some of the hydraulic fluid to
bypass the hoist and thereby reduces the reel-in
speed. A light load on the rescue hoist cable will
not cause a sufficient pressure build-up to “crack”
the valve.

Note

The flow control valve acts on the flow
to the hoist during reel-in only. When
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the flow is reversed for reel-out, the
valve merely acts as a carrier for the
fluid as it returns from the hoist.

NORMAL OPERATION.

The hoist may be controlled from the cockpit by
a switch located on the pilot’s eyclic control stick
(figure 4-16) or by a remote control switch
mounted on the hoist operator’s switch panel (4,
figure 4-16) beside the rescue door. The master
hoist switch located on the overhead switch panel
(figure 1-10) must be in the ON position for
either control to operate. The switch on the pilot’s
cyclic stick will override the hoist operator’s
switch should the pilot deem it necessary.

Note

A safety harness is provided at the res-
cue door for an attendant operating the
hoist. The harness allows freedom of
movement but will prevent the wearer
from falling out the doorway.

HOISTING OVER WATER.

Overwater hoisting of personnel from a raft or
the water may be accomplished both day and
night. Ability to make numerous hoists in a short
period of time is dependent upon practice and

technique.
‘ WARNING l

The weight on the end of the hoist cable
is heavy and unpadded. Personnel to be
hoisted may be struck and bruised if
care is not exercised while lowering the
hoist cable to them.

DAYLIGHT HOISTING. Hoisting over open
water at any time in any helicopter is extremely
difficult. Lack of reference points combined with
moving water produce a form of vertigo.
The recommended method of hoist pick-up where
hoist visibility to the pilot is limited is as follows:

1. Approach: Execute at slow speed. As the
helicopter passes slowly over the person to be
hoisted, the hoist operator (who at this time must
act as controller) directs the movement of the
helicopter and at the same time lowers the sling
into the water.

2. During rescue:

a. After contact is made, slowly back off
the helicopter until the person to be
hoisted is in view of the pilot.

b. After hook-up is completed, the helicop-
ter is again moved up into position and
under direction from the hoist operator
who then brings the hoisted person or
object into the helicopter.
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3. Flight control operation: Control move-
ments in all cases must be small to prevent over-
controlling. Hovering higher than normal will
help to reduce the water motion and salt water
spray. This also reduces the possibility of the
rotor wash upsetting a raft (if used) and eject-
ing the personnel into the water.

NIGHT HOISTING. Locating of personnel in
the water at night is difficult and the hoisting
operations are more hazardous than during day-
light. The procedure for daylight overwater hoist-
ing must be followed. When close to the water at
night, extreme-care must be exercised to avoid
striking the water with the landing gear. It is
recommended that an extra crewmember be sta-
tioned at the rear exit door to determine the
hovering altitude.

HOISTING OVER LAND.

The pilot’s visibility when hoisting over land, as
over water, is the only limiting factor. Under
critical conditions this also requires close co-
ordination between pilot and hoist operator,
especially at night. The landing light provides
adequate light for the hoist operator, and the
searchlight can be used by the pilot in illuminat-
ing the area for reference points.

Note

Operation over dry snow will often re-
sult in static electricity in the hoist
cable. Refer to Section IX, Cold Weather
Operation, for recommended hoisting
procedure under this condition.

EMERGENCY .OPERATION. -

The 4-way valve (1, figure 4-16) can be operated
manually by a crewmember if the electrical sys-
tem fails.

P PP
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¢ CAUTION ?

The up limit switch does not function
during manual operation. Check cable
rewind to avoid injury to personnel or
damage to hoist equipment.

CABLE BOOM, WINCH, AND CABLE.

The winch is located on the floor forward of the
rescue door. The cable (3, figure 4-16) leads up
from the winch, through the emergency ecable
cutter and out the swinging boom located for-
ward and above the rescue door. The boom (2,
figure 4-16) can be locked in any of six positions.
The forward position is opposite the pilot's
lateral line of sight so that he can see the cable
hanging below the helicopter. The most rear-
ward position of the boom allows the cable to
hang partially inside the helicopter due to the
curvature of the side of the fuselage. Between the
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most forward and most aft positions of the boom,
are four intermediate positions. A spring-lock
handle (6, figure 4-16) above the cable cutter,
turns the boom to any desired position and incor-
porates a lock release on the handle. At the end
of the cable is a swiveling safety hook, and above
the hook is a weight which aids the pilot in
judging the length of the cable paid out, and
helps in placing the hook.

B B PP
W

¢ CAUTION 2

There is no down limit switch. Do not
let out more than 100 feet of cable or it
will start to rewind around the winch
drum in a reverse direction, causing
damage to the hoist system. The last
five feet of cable are painted red and
white to give warning of the approach-
ing limit.
When the cable is raised as far as it should go,
the weight will trip the up limit switch and stop
the cable.

CABLE CUTTER.

A cable cutter (5, figure 4-16) is provided to shear
the cable if the cable hook becomes entangled or
“snags” during a hoisting operation. The cable
cutter is located forward of the rescue door on the
right side and consists of a handle attached to a
small eylinder which rotates in a fitting through
which the cable passes. If it becomes necessary
to cut the cable, pull the cutter arm away from
the side of the fuselage. This causes a shearing
action and severs the cable.

CARGO LOADING EQUIPMENT.

Tie-down rings are provided in the cabin for
securing cargo. Refer to Section V for C-G and
Weight Limitations.

EXTERNAL CARGO SLING.

An external hook and sling (figure 4-17) is pro-
vided to lift objects too large to fit the cargo com-
partment. The sling is attached to fuselage fittings
so that the load will be suspended beneath the
cg of the helicopter. The sling: can be stowed
against the bottom of the fuselage. Bungees are
attached to take up any slack in the external
cables.

NORMAL OPERATION.

To pick up an object larger than would fit under
the helicopter on the ground, hover over the ob-
ject and have an attendant attach the hook to it.
To release the object at any time, pull either of
two release handles (figure 4-17). One is located
to the left of the pilot on the cockpit floor and the
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Pull to Relecse Cargo

Figure 4-17
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other is located forward of the main entrance
door. These handles are stenciled Cargo Release
and have the word PULL in raised letters on the
handle. The YH-21 cargo hook will not release
when the cockpit release is actuated if the cargo
is resting on the ground. Under such conditions
it is necessary for the co-pilot or crewmember to
hold up on the release handle while the pilot lifts
the helicopter, placing tension on the hook which
in turn causes it to open. The H-21A cargo hooks
will release regardless of whether the load is rest-
ing on the ground or is airborne. The hook on
both models will remain open until closed by an
attendant.

TROOP AND CASUALTY CARRYING
EQUIPMENT.

The helicopter has a capacity for carrying 14
fully equipped ground troops. Provisions are
made to carry up to 12 litters. Fittings for stokes
litters are provided on the bottom positions of
the tiers, but pole litters can also be used in the
bottom positions as well as other positions.

TROOP SEAT AND LITTER INSTALLATION.

The helicopter cabin can be fitted with a combina-
tion of troop seat and litter installations. The
troops seats are fitted with individual safety
belts and shoulder harnesses. These can be ad-
justed to the individual but do not have inertia
reels. The various combinations (figure 4-18) are:

Capacity Litter Tiers Seats
(3-man) {2-man) (3-man)
14 men.........i0. 0 1 4
14 men............ 1 1 3
14 men............ 2 1 2
14 men............ 3 1 1
12 TeN. .. smmmunss 4 0 0

LITTER LOADING.

The helicopter may be adapted to accept litters
by two men in about five minutes by folding and
storing the troop seats against the side of the
cabin. The litter straps may then be dropped
from their standard canvas containers and se-
cured to the floor. Ground loading normally
requires four crewmen to stow loaded litters in
the optimum time. For loading while hovering,
two crewmen are required. However, when flight
conditions permit and time is important, a crew
of three may be used; two men stowing litters
and one man operating the hoist and pulling lit-
ters in the rescue doorway. The microphone
switch should be placed in the MIKE ON position
so the hoist operator will have both hands free.
The recommended procedure for ground handlers
of litters during loading from a hover position
require them to carry the litters individually to
the hovering position. By doing this, the patients
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are spared the discomfort caused by extended
wind blasts and blowing matter such as sand.
However, when time is essential, the pick-up
time may be reduced considerably by placing the
litters side by side and moving the helicopter to
each in turn. Note, however, that it is desirable
to have protective covering for the patients.
The recommended method for litter loading
through the front rescue door is to load the two
rear tiers first, top to bottom, as in conventional
aircraft, then the two top litters in the front
two tiers. Load the bottom litters of the two
front tiers by placing one litter as far back down
the aisle as possible and slanting it toward the
right wall; place the next litter in position on
the left straps and bring up the one from the
aisle for the bottom right. There is no problem
loading litters from the main entrance door,
loading from top to bottom and front to back,

PASSENGER LOADING.

With the litters removed, the litter straps stowed,
and the seats in place, personnel may be conven-
iently seated in the cabin. However, when combat
troops are aboard, it is recommended that the
back seat webbing be removed or at least loosened,
since bayonets and shovels tend to become en-
tangled in them and the back pack provides all
the support necessary.

MISCELLANEOUS EQUIPMENT.
ELECTRICAL RECEPTACLES.

HEATED SUITS.

Two receptacles are provided for heated suits
of the pilot and co-pilot. These are located on the
bulkhead behind the pilots, one to the right of the
pilot and one to the left of the co-pilot.

HEATED BLANKETS.
Six receptacles are located on the right side of

the cabin to be used for plugging in electrically
heated blankets.

COVERS.

For the protection of the helicopter, covers are
provided for the following parts: plastic nose,
engine air intake, exhaust outlet, rotor blades,
rotor hubs, and pitot tube.

RELIEF TUBES.

There are two relief tubes in the helicopter. One
is located under the pilot’s seat, the other is aft of
the co-pilot’s seat and can be made available to
the passengers.

DATA CASES.

There are two data cases provided in the heli-
copter. One (Map Case) is located behind the
co-pilot’s seat. The other (Data Case) is located
on the aft side of the radio shelf in the cabin.
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TROOP SEATS & LITTERS

ALTERNATE ARRANGEMENTS
OF SEATS & LITTERS
Eight Seats — Six Litters
Five Seats — Nine Litters
Eleven Seats — Three Litters

Figure 4-18
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ANTIGLARE CURTAIN.

A fabric curtain which can be placed in the
cockpit entrance is provided.

BLACKOUT CURTAINS.

Fabric blackout curtains are provided for all
passenger compartment windows and the trans-
parent panels in the entrance and rescue doors.

TIE-DOWN FITTINGS.
Fittings are provided on the cabin floor and walls
to secure litters, seats, and cargo.

WINDSHIELD WIPER.

One windshield wiper (figure 1-4) is provided on
the right, or pilot’s side of the windshield. The
wiper is driven by an electric motor, located
between the windshield and the console. The op-
erating switch is located on the overhead switch
panel and it has three positions, OFF, SLOW,

Section IV

and FAST. Do not operate the wiper on dry glass
or motor will stall and cause the resistor to fail.

ASH TRAYS. H-21A

The model H-21A has two ash trays located in
the cockpit. One is located to the right and for-
ward of the pilot, and the other is located to the
left and forward of the co-pilot.

SPARE LAMP STOWAGE.

There is a container mounted to the left of the
co-pilot’s seat at floor level. This container holds
a variety of spare lamps that are readily available.

RESCUE DOOR LADDER.

A removable ladder has been provided on some
H-21A helicopters for entrance to the cockpit
through the rescue door when the cabin main en-
trance is obstructed by auxiliary fuel tanks or
cargo. There are no stowage provisions made in
the helicopter for this ladder.
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Section V

OPERATING

5""’/“;{” LIMITATIONS
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OPERATING LIMITATIONS.

The operating limitations of the helicopter dis-
cussed in this section are a result of extensive
flight testing and experimentation. The limita-
tions which are marked on the instruments,
illustrated on the following pages, are not neces-
sarily discussed in the text. Further explanation
of the instrument markings, when necessary, is
covered under the appropriate headings.

MINIMUM CREW REQUIREMENTS.

The minimum crew required to fly the helicopter
safely, under normal non-tactical conditions, is a
pilot. Additional erewmembers, such as co-pilot
or litter attendant, as required to accomplish a
specific mission, will be added at the discretion
of the Commanding Officer.

ENGINE LIMITATIONS.

All engine limitations are as shown in figure 5-1
and covered below.

Revised 1 May 1956
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Continuous engine operation at more than 2500
rpm is prohibited.
The engine must be inspected if the following
conditions occur:

1. Engine overspeeds between 2780 and 3000
rpm.

2. When power exceeds take-off MAP for less
than 15 seconds and does not exceed 61.5 inches
Hg.

The engine must be removed under the following
conditions:

1. Engine overspeeds exceeding 3000 rpm.

2. When take-off MAP is exceeded for more
than 15 seconds, or the MAP exceeds 61.5 inches
Heg.

Note

Any occurrences of excessive MAP or
engine overspeeds must be noted in
Form DD-781.
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2500 rpm

INSTRUMENT _ Take-Of Power N

MARKINGS
N

Note:

Continuous operation above 2500 engine
rpm not permitted.

DUAL TACHOMETER
Rotor

233 rpm Minimum
W 233 to 258 rpm Normal
350 rpm Maximum Overspeed

Engine

= 2260 rpm Minimum for Flight
8 O R 2260 1o 2500 rpm Normal

_ , ‘ \ \ B 2600 rpm Moximum
AIRSPEED :
0 Knots Maximum N N
(See Airspeed Limitations) \
Emergency
s Low
WA TR 00 Blower

HYDRAULIC PRESSURE

/ AN
MANIFOLD PRESSURE
,___ 500 psi Minimum N 425 in. Hg Maximum—Low Blower
PR 900 to 1100 psi Desired [ 465 in. Hg Moximum—Emergency Low Blower
BN (150 psi Maximum \ s 50 in, Hg Moximum—High Blower
\\\\\\\\\\\\\\.\\\‘\\\\\'\\'\‘\\\\

Figure 5-1. [Sheet 1 of 4)
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MANIFOLD PRESSURE.

The maximum manifold pressure for take-off in
low blower at sea level is at the first red line on
the manifold pressure gage. The engine may be
operated at the second red line at any time for
emergency use only, There is no time limit on
the use of take-off power for this helicopter. Maxi-
mum manifold pressure in high blower is at the
third red line on the manifold pressure gage.
(See figures 5-1 and 5-2.)

HIGH RATIO BLOWER LIMITATIONS.

An unsatisfactory setting of the Stromberg PD-
12K19 carburetor makes it mandatory that the
rich mixture be used for high ratio blower opera-
tion.

CARBURETOR AIR TEMPERATURE.
Carburetor air temperature is restricted to a
maximum of 40°C when the engine is operated

in high blower or with carburetor heat. The
maximum carburetor heat in low blower with
the carburetor heat control lever positioned in
COLD is 50°C.

CYLINDER HEAD TEMPERATURE LIMITATIONS.
Cylinder head temperatures must not exceed
260°C during Military Power operation (2600
engine rpm at 50 inches Hg manifold pressure),
or 245°C for continuous operation at or below
Normal Rated Power (2500 engine rpm at 42
inches Hg manifold pressure).

Note
Military Power is restricted to 30 min-
utes continuous operation.
FUEL GRADE LIMITATIONS.

This helicopter is restricted to fuels with 100/130
or 115/145 octane rating.

POWER SETTINGS

MANIFOLD PRESSURE LIMITS vs RPM

LOW BLOWER HIGH BLOWER
Manifold Manifold Blower
Engine Pressure Pressure :.": P::: F::L Shift r““::d ‘?htt::l: F:::
Rpm at SL at 3000 feet '}'h '” Altitude it ":“ H‘ ; o
(inches Hg) (inches Hg) . (Feet) oy
2260 365 36 35 at 8900
(940 hp) (940 hp) As altitude is increased, the vibration increases
2300 38.0 37.5 36,5 at 8000 and the cyclil: stick moves forward. To reduce
(1000 hp) (1000 hp) vibration and keep the stick in the proper position,
2400 45 41 40 of 6200 increase rpm with altitude.
(1125 hp) (1125 hp)
2500 42.5 42* 40.5 at 6800 12,000 43 41 ot 16,700
(1150 hp) (980 hp)
2600 Not permitted in low blower. 10,000** 50 49 at 14,400
(1100 hp)

fLimited to 30 minutes.

tContinuous operation above 2500 rpm is prohibited.
Use RICH mixture for all High Blower operation.

Above manifold pressures are for standard atmospheric
conditions.

*For 2500 rpm only the manifold pressure is increased
1/4 inch for each &°C (outside air temperature)
dbove standard temperature and is decreased 1/4

Notes

inch for each 6°C (outside air temperature) below
standard temperature. (For other rpm, manifold pres-
sure limits for warmer than standard outside air
temperatures are as shown on chart, but are decreased
I/4 inch for each &°C (carburetor air temperature)

below standard temperatures).

**A blower shift can be made at 8000 feet in order to
use a higher rpm. However, this will be accompanied
by a loss of power.

Figure 5-2
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NEW ENGINE LIMITATIONS.

It is desirable but not mandatory that the follow-
ing limitations shall be followed for the first 10
hours after a new or overhauled engine has been
installed in a helicopter:

1. Operate at minimum gross weight.

2. Conduct all flight operations at 2350 engine
rpm.

3. Use the minimum manifold pressure re-
quired to take off and to perform initial hover-
ing. Take off slowly., A rapid take-off requires
excessive power.

4, Eliminate all unnecessary hovering.

5. Climb at reduced power.

6. Avoid the following maneuvers:

a. Autorotation.

b. High speed flight.

¢. Quick starts.

d. Quick stops.
These flight manuevers require rapid changes in
power and high power settings, both of which
are detrimental to new engine operation.

Revised 1 May 1956
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7. Conduct cruising flight at 70 knots TAS to
permit the use of minimum power.

ROTOR LIMITATIONS.

The minimum rotor speed in powered flight is
the low range marked on the tachometer indi-
cator (green line). The maximum rotor speed in
powered flight is the high range marked on the
tachometer indicator (green line). The minimum
for autorotative flight is 233 rpm. Maximum
permissible rotor overspeed in autorotation is the
red line on the tachometer indicator.

If the engine stops and cuts in again during
flight, inspect the blades thoroughly for cracks.

Rotor speeds below the minimum will result in
blade coning beyond the safe limits. Rotor speeds
in excess of the maximum limit will lower blade
lift efficiency.

CONTROL LIMITATIONS.

Under certain extreme conditions, it has been
found possible to excite large blade flapping
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motions which can result in the helicopter’s rotor CENTER OF GRAVITY LIMITATIONS.
blades striking the fuselage. Accordingly, abrupt

simultaneous application of aft cyclic control with For temporary center of gravily changes, such

up collective pitch in flight at high forward speeds as personnel moving about within the cabin, dis-
aiI;) any opell')ationa] 1'?)m or %n autorotagona] placement of the cyelic stick rearward from the

descent at low rpm shall be avoided. normal hovering position will compensate for for-
ward center of gravity stationing, and inversely,
displacement of the cyclic stick forward will

AIRSPEED LIMITATIONS. counteract an aft center of gravity shift. For

permanent center of gravity changes, position the
NORMAL CONFIGURATION. eyclic stick in hovering or at 80 knots by means
Maximum operational airspeed is restricted to 100 of the stick positioner, so that the stick position
knots. The speed at any altitude shall not exceed indicator will be correlated with the actual flight
the maximum speed attainable at that altitude in condition. This will provide full fore and aft
sustained level flight using normal rated power. stick travel for longitudinal control. With a crew
There are no present airspeed restrictions when and normal load, the center of gravity is a point
flying with cabin or rescue doors open. midway between the rotors; the forward limit

is 31 inches forward of this point, and the aft
TAILS OEF. limit is 6.5 inches aft of this point.

Maximum airspeed with tails off is restricted to
70 knots. Refer to Section VI for flight character- TERRAIN SLOPE LIMITATIONS.

istics with tails removed. Refer to Landing Limitations, figure 5-3.
Aerobatics are prohibited in the helicopter. These helicopters are restricted against inten-

tional autorotational landings on water. During
any landing with floats inflated, touchdown shall

FLIGHT RESTRICTIONS. be made at zero ground speed to avoid damage
See Section IX for restricted flight under IFR  to main floats. .
conditions and in heavy rain. The maximum permissible taxiing speed for the

YH-21 helicopter is 10 knots, for the H-21A

helicopter, five knots. Taxiing above 10 knots
HOVERING LIMITATIONS. with the YH-21 helicopter causes the nose float
to tuck under, and taxiing above five knots with
the H-21A helicopter can cause damage to the
main floats.
Floats must not be inflated during flight at more
than 40 knots IAS, After float inflation, 85 knots
is the maximum permissible IAS.

Do not hover the helicopter at zero airspeed be-
tween 15 and 600 feet unless emergency rescue
operations or attachment of external cargo sling
demand it. These “no-hover” altitudes represent
heights at which it is extremely difficult to make
consistently successful autorotative landings after
sudden power failure. Note

The recommended maximum IAS with

EXTERNAL CARGO SLING LIMITATIONS. floats inflated is 72 knots, since higher

speeds require excessive power settings.
The auxiliary sling should, preferably, be a close P 4 P g

coupled multi-strand suspension attached directly For data on float inflation at specific altitudes and
to the cargo hook. low temperatures, refer to Cold Weather Opera-
The maximum approved load limit of the external tion, Section IX.

cargo sling is 2200 pounds for the YH-21 and
3000 pounds for the H-21A provided the approxi- WEIGHT LIMITATIONS.

mate gross weight does not exceed 13,500 pounds. The helicopter is designed for a maximum inflight

load factor of 2.0 at Overload Gross Weight

(14,600 pounds). However, the chart value will
RESCUE HOIST LIMITATIONS. remain at 1.6 (80 per cent of design figure)
Rescue hoist operation is temporarily limited to until actual testing substantiates this value. This
a maximum unit weight of 250 pounds, pending load factor is the recommended maximum for
current testing of higher unit weight loading. any loading, and if conditions which affect the
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LANDING
LIMITATIONS

Figure 5-3

load factor are present, such as turbulent or gusty
air, the gross weight must be varied accordingly.
Due to current restrictions, maximum permissible
operational gross weight is 13,500 pounds. To
reduce the basic weight of the helicopter, the
items listed in figure 5-4 may be removed. The
weight, arm and moment of each item is listed in
the Handbook of Weight and Balance Data (T.O.
1-1B-40).

WEIGHT LIMITATIONS CHART.

The purpose of the Operational Weight Limita-
tions Chart (figure 5-5) is to illustrate the useful
load carrying capabilities of the helicopter with
respect to safe operating limits. The various com-
binations of fuel and alternate load that the
helicopter can safely operate with will be found
below the 14,500 pound line. Built-in fuel tank
capacity is 300 gallons (1800 pounds). The maxi-
mum alternate load the helicopter can carry with
a full fuel load is 3700 pounds.

OPERATING WEIGHT.

The operating weight on which the weight limita-
tions chart is based is 9000 pounds. This value is

98

an approximate weight which includes the air-
craft basic weight as obtained from T.0. 1-1B-40,
Handbook of Weight and Balance, plus stand-
ard crew and full oil eapacity. Since individual
helicopter weights vary, it will be necessary
to adjust the chart for a specific helicopter. The
intersection of-the alternate load and the fuel load
axes at "“O” represents the helicopter operating
weight of 9000 pounds.

GROSS WEIGHT.
The gross weights of the loaded helicopter are
indicated by the diagonal lines.

DISTRIBUTION OF LOAD.

No variations in weight limitations are required
due to unusual loading, providing the load of the
helicopter is within weight and balance limits
and does not exceed structural limitations. For
anticipated loads on the hoist, a weight and bal-
ance problem should be computed to establish the
maximum forward center of gravity location
available for alternate load. If the actual hoist
load is not known, compute the problem using the
hoist limit load (400 pounds). With the hoist
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MODELS YH-21 & H-21A HELICOPTERS

STRIP LIST
GENERAL ITEMS
§ Cabin Flooring + Cabin Heater & Blower Installation
Cargo Tie-Down Fittings Soundproofing & Installation
1 Blackout Curtains Heater Ducting Drive Shaft Cover
Curtain Installation (Station 359) * Air Outlet Regulator Doors
Interior Fixed Lights § Search Light & Relay
Data Case § Landing Light & Relay
Map Case fl Co-Pilot’s Seat, Belt & Harness
§ Windshield Wiper 1 Co-Pilot’s Cyclic Stick

Work Platform Installations
+ Rheostats & Outlets for Heated Clothing

1] Co-Pilot’s Collective Pitch Lever

and Blankets Portable Fire Extinguisher Installation
* Pilot’s & Co-Pilot’s Sliding Window * Rescue Door & Track Assembly
and Track Assembly * Cabin Door & Track Assembly

REMOVABLE FLIGHT INSTRUMENTS

§ Airspeed (2) § Inverter Installation § Turn & Bank Indicator
§ Altimeter § Gyro Compass Indicator § Transformer (A-C Instrument)
§ Clock § Gyro Control § Free Air Thermometer
§ Standby Compass § Amplifier (J-2 Compass) § Pitot Tube
§ Attitude Gyro § Amplifier (J-2 Compass) § Rate of Climb
COMMUNICATION EQUIPMENT
AN/AIC-4 AN/ARN-& AN/ARN-14
Amplifier Mount Receiver
Mount Coupling Unit Mount
Interphone Installation (Cabin) Sens Antenna Installation Dynamotor
Interphone Installation (Cockpit) AN/ARC-3 Mount
Control Panel Transmitier Course Indicator
AN/ARA-BA Mount Control Panel
Antenna Installation Receiver Antenna
Auto Volume Control Mount Transformer
Mount Control Panel
Control Panel Antenna Mast
Modulator Dynamotor (DY-21)
Mount Dynamotor (DY-22)
Antenna Power Junction
Antenna Relay Mount
Mount
ITEMS NOT INCLUDED IN EMPTY WEIGHT
Rescue Hoist Outboard Litter Brackets First Aid Kits (2)
Hoist Operator’s Belt” Hydraulic Flight Control System Inboard Litter Straps
Troop Seats Flotation Equipment & Container
Troop Seat Belts & Harness Troop Seat Supports
Notes
* Weather conditions permitting + Operating conditions permitting
1l If no co-pilot § When not needed or considered essential
Figure 5-4
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loads considered, care must be taken not to
exceed the maximum gross weight.

LANDING GEAR LIMITATIONS.

The design weight criteria for the landing gear is
such that it will support a gross weight of 14,500
pounds with a sinking speed limit of five feet per
second and a weight of 11,500 pounds with a
sinking speed limit of 8.5 feet per second. Land-
ings should not be scheduled for weights in excess
of 14,500 pounds because of reduced landing gear
life, brake limitations, and increased accident risk.

EXPLANATION OF CHART.

1. The green area represents the loading con-
ditions that present no particular problem
in regard to strength or performance of the
helicopter. Therefore, this weight should not
be exceeded unless the dictates of the mis-
sion require it.

2. The yellow area represents loadings of pro-
gressively increasing risk as the red area is
approached. Therefore, care must be exer-
cised in the yellow region as performance is
marginal depending upon helicopter configu-
ration, altitude, and ambient temperature.

3. The red area represents loadings which are
not recommended. Under conditions of ex-
treme emergency when safety of flight is of
secondary importance, the commanding of-
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ficer will decide whether the degree of risk
warrants operation in the red zone.

Note

Operating weight should never exceed
that required for the mission or unnec-
essary risk and equipment wear will
result, The data herein described is for
information and guidance. However,
take-off weight must be considered with
regard to available take-off areas, sur-
rounding terrain, altitude, atmospheric
temperatures, mission requirements, and
urgency of the mission, *

SAMPLE PROBLEM—WEIGHT

LIMITATIONS.

Determine the alternate load that the helicopter

may carry with a fuel load of 1000 pounds, and

a maximum gross weight of 13,500 pounds.

SOLUTION :

a. From Form F of the Weight and Balance
Handbook (T.0O. 1-1B-40), the Operating Weight
of the helicopter is found to be 9000 pounds.
This weight is the zero point on the chart.

b. Enter the Weight Limitations Chart at the
1000 pounds of fuel line and follow this line up
to the 13,500 pound gross weight line.

c. Read to the left to determine the alternate
load of 3500 pounds.
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WEIGHT LIMITATIONS

Weight Less Alternate Load & Fuel = 9000 Ib

14,500 |b— Maximum Overload Gross Weight based upon:

I. Helicopter Flight Load Factor = 1.6

2. [Performance Limitation of 500 Fpm Best R/C @ Sea Level)
13,500 Ib—Rotor Blade Limit Load Factor = 2.2

13,250 Ib—Performance limitation of Hovering Out of Ground Effect @
Sea Level
12,250 |b—Performance Limitation of 500 Fpm Veftical R/C @ Sea Level
11,500 |b— Design Gross Weight based upon:
I. Helicopter Flight Load Factor = 2.2
2.Landing Gear Limit Load Factor = 3.00

6 Fa B
Notes
A—Maximum Cabin Cargo Capacity (5830 Ib).
AB —Built-In Fuel Capacity (1800 b maximum).
@

N 7 BC —Unusable Cargo Capacity with
One Auxiliary Fuel Tank Installed.

CD—Auxiliary Fuel Capacity, First Tank (600 Ib).

DE —Reduction in Cargo Capacity with

“w

-g c 0 Second Auxiliary Fuel Tank Installed.

3 EF —Auniliory Fuel Capacity, Second Tank (00 Ib).

a . o

-« 4 HEH ‘%b % b FG —Reduction in Cargo Capacity with

o B VA ) ©,;

RN Third Auxiliary Fuel Tank Installed.

n d'o P, 8 i

e % 6"3;160;. GH—Auxiliary Fuel Capacity, Third Tank (600 Ib).

2 * HI —Maximum Cargo Capacity with

=] O L£)

o) '-5‘% Three Auxiliary Fuel Tanks Installed (1500 Ib).

= Yo, 2 3 ¥

— 3 :E:q = . 00,‘,.%0 % Load Limit of External Cargo Sling = 2200 Ib YH-2I
fa) oy 0, % S 3000 Ib H-21A
< N>, 2%, HH

O S | %

= = ”o%’ '

w H % O C‘; H

L) 1

: /,1;_:‘30”_08,\,

Z o 0 sy, %,

o 3 0, oéo

w Do, b H

: ’09 4, '

< T "ibo 1 G H FH

4’;0/ o, -
B 0,’ N §
‘o, o /i ii
o t.,% i
1 e % HHH Not Recommended
o, % HH Loading
)Q 634,-',9 _,%{‘ -:EE [Overload Gross Weight)
%/ . : Cautionary
% H#h H Loading
Flotation — H [Overload Gross Weight]
6 uxi lﬂrv I 1 o
i Fuel Tanks i H +H

Recommended
Loading

£

o 1 2 3 @
FUEL (Thousands of Pounds)
* When carried, to be considered as initial alternate load.
Figure 5-5
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GENERAL.

Normal flight for the helicopter is defined as
follows:
a. Taxiing, take-off, hovering, and landing.
b. Cruising in a normal attitude.

GROUND RESONANCE.

Ground rescnance is a vibratory condition present
in a helicopter while on the ground with its rotors
turning. It cannot occur in flight. Resonance re-
sults when unbalanced forces in the rotor system
cause the helicopter to rock on its landing gear
at or near its natural frequency. The problem
of its elimination is complicated by the fact
that as lift is applied to the rotors, the natural
frequency of the helicopter changes. The design
of the helicopter is such that with all parts
operating properly, the landing gear oleos and
rotor blade lag dampers will, by energy dissipa-
tion, prevent the resonance from building up to

Level Flight Characteristics under Various Conditions 109

Flight Characteristics with External Cargo ........ 109
POWINE i mvi v ine S mas 55 s 2w wedn v 110
Taxitng with Floats suesvvrvinis s niaarasems 110
Flight Characteristies with Floats ................. 110
Maneuvering Flight .................. T R 110
DHVIOE  vomnririommm i anirissio e e am mne bme b bt 16 110
Vertical DAEBERt. . vow nmmmmina mimsmm i mimott o Sy 110

dangerous proportions. Improper adjustment of
the oleos, incorrect tire pressure, and defective lag
dampers are the major causes of ground resonance.

l WARNING I

It is recommended that whenever flights
must be conducted at excessive gross
weights, the take-off should be made by
using 250 rotor rpm and conducting a
normal straight-up take-off. The area
between 50 and 90 per cent airborne
should not be encountered for prolonged
periods. Operation in this critical area
should also be avoided on landing by
following through with a reduction of
power immediately after touchdown.
Encountering resonance is most likely
when operating at 270 rotor rpm and be-
ing over 50 per cent airborne.
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FLIGHT CONDITIONS CAUSING GROUND
RESONANCE.

It is possible to enter ground resonance when
operating under the following conditions:

a. Taxiing with a high power setting allowing
the helicopter to be very light on the wheels.

b. When operating at high power without for-
ward motion but the helicopter very light on the
wheels.

c. The helicopter light on the wheels and rap-
idly oscillating the lateral cyclic control. Refer
to Section III for recovery.

| WARNING I

If ground resonance is allowed to build
up, it can cause destruction of the
helicopter.

STALLS.

The helicopter is not subject to conventional
stalls; however, rotor speed should be kept above
the minimum to prevent excessive coning and
stress of the rotor blades.

BLADE STALL.

As the helicopter rotor moves into forward flight
at a given rpm, it is clear that as the blade moves
in the direction of flight (advancing blade) it
experiences a velocity which is composed of its
rotational velocity added to the forward speed.
On the other hand, as it moves away from the
direction of flight (retreating blade) it experi-
ences a velocity lower than its rotational velocity
by the amount of the forward speed component.
Since the blade lift is proportional to the square
of the velocity, the blade angle of attack must be
varied eyelically (by feathering, or flapping, or
both) to compensate for the variation in lift as
the blade rotates.

As the helicopter gains forward speed, more and
more increase in retreating blade angle is re-
quired to maintain the lift until the blade reaches
its stalling angle and the resulting loss of lift,
increase in drag and change in pitching moment
cause a cyclical roughness described as “blade
stall.”

The advancing blade, however, in spite of operat-
ing at a lower and lower angle as forward speed
increases, ultimately encounters a difficulty of its
own. Since the velocities are added, the resultant
speed at the blade tip begins to approach the
speed of sound as rotor speed and forward speed
increase, and it may be expected that a similar
cyelical roughness will finally develop, as de-
scribed above.
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Note

Vibration from blade stall will not feed
back to the controls with hydraulic
flight control system on, but will react
on the directional pedals only with
hydraulic flight control system off.

Execution of one or a combination of the fol-
lowing will overcome blade stall:

1. Increase rotor rpm.

2. Decrease airspeed.

3. Reduce collective pitch.

4. Decrease altitude (if possible).

POV YO T wN
W

)
¢ CAUTION 2

Maneuvers will increase the tendency to
stall and must be avoided under the
conditions described above.

GENERAL FLIGHT ENVELOPE.

At airspeeds in excess of those labeled “Incipi-
ent Blade Stall” (figure 6-1, sheet 1 of 2), vibra-
tion will become excessive and a considerable
increase in power will be necessary. Operation
at airspeeds outside of the other limiting values
of the curves is not possible due to power limita-
tions and will result in power settling. Hovering
ceiling is indicated at the points where the
weight curves intersect the zero airspeed line.
The service ceiling is indicated by the peaks of
the weight curves.

VARIATIONS OF INCIPIENT BLADE STALL SPEED.
Incipient blade stall speeds vary with changes
in altitude, temperature, engine rpm and gross
weight. To provide information on incipient blade
stall speeds which can be used in conjunction
with the General Flight Envelope, figure 6-1,
sheet 2 of 2 is provided.

SAMPLE PROBLEM. ,

Determine incipient blade stalling speed on a
standard day at 4000 feet pressure altitude, out-
side air temperature is 15° Centigrade, engine
rpm is 2500, and gross weight is 12,000 pounds.

1. On the pressure altitude scale, move right
along the 4000-foot altitude line to intersect the
15° Centigrade temperature line.

2. Drop directly down to the base line of the
engine rpm scale and follow the parallel lines
to the 2500 engine rpm line. From this point
drop down to the base line of the gross weight
scale and follow the parallel lines to the 12,000-
pound gross weight line.

3. From this point, drop directly to the bot-
tom of the chart and read 99 knots IAS. This
represents the incipient blade stalling speed for
the conditions existing.
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Minimum Flying Speeds
High Blower = 2600 rpm

s
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o GENERAL FLIGHT

ENVELOPE

STANDARD ATMOSPHERE

S
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i Minimum Flying Speeds

Low Blower = 2500 -rpm

INDICATED AIRSPEED

Figure 6-1. [Sheet 1 of 2)

Incipient —]
Blade Stall at 2500 rpm

Maximum Speed
1150 BHP = 2500 rpm

(Knots)
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PRESSURE ALTITUDE (Feet/1000)

ENGINE RPM

GROSS WEIGHT

106

T.0. 1H-21(¥)-1

T
\ \\ \k Note:
Incipient Blade Stall Speed is equal to —]
\ \ \ Limit Blade Stall Speed minus 10 knots.

Base Line s

IAS 100 Knots

Base Line =

/
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/
pd
7

<14 b S JU

INDICATED AIR SPEED

Figure 6 -1. (Sheet 2 of 2]

(Knots)
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POWER SETTLING.

Power settling may occur at rates of descent
varying from approximately 400 to 1200 feet per
minute in conditions of low airspeed. Flight ex-
perience has shown that it seldom occurs in
helicopters with tandem rotor configuration. In-
dication of power settling is inability to appreci-
ably change rate of descent by application of
power. It can easily be eliminated by transition
into forward, sideward, or rearward flight.

WARNING

Recovery from power settling is necessarily uccompanied
by a loss of altitude. Conditions that might cause it should
be avoided at low altitude.

SPINS.

The helicopter is not subject to conventional spins.

TAILS-OFF FLIGHT.

Tails-off flight is recommended only in an extreme
emergency because of the sluggishness of the
directional controls.

This condition is aggravated by low rpin when
entering autorotative flight. However, if auloro-
tation is required due to engine failure or some
similar emergency, the initial entry and sub-
sequent autorotative flight must be performed
with utmost caution. Refer to Section V for air-
speed limitations with tails removed.

FLIGHT CONTROLS.

TAXIING.

If it is noted that the blades are hitting the
droop stops (recognized by heavy thumping
sound) while taxiing with lower power settings,
increase the collective pitch which will cause
the blades to cone and clear the stops.

Section VI

ROTOR BLADE FLAPPING.

When the rotor blades hit the droop stops, it is the
result of excessive blade flapping, perpendicular
to the plane of blade rotation. This condition can
be readily recognized by a heavy thumping sound
and strong vibration throughout the fuselage and
instrument panel. The frequency at which it
occurs is three times every rotor revolution. The
droop stops will be hit more readily on the aft
rotor during forward flight since the higher col-
lective pitch on this rotor (differential collective)
causes greater flapping. Blade contact with the
droop stops is possible under the following
conditions:

1. High forward speed and low rotor rpm.

2. Improper longitudinal stick positioning
(excessive nose down).

3. Abrupt displacement of controls during for-
ward flight and at high speeds.

4, Taxiing with low rotor rpm and low collec-
tive pitch.

5. Excessive displacement of controls while
taxiing.

CORRECTIVE MEASURES.

Excessive blade flapping during flight and/or
while taxiing can be prevented as follows:

1. When taxiing, use 2000-2300 engine rpm and
20-23 inches Hg manifold pressure. This will pro-
vide sufficient power for full control and neces-
sary rolling speed. Turns can easily be made by
displacing cyclic stick and directional pedals cor-
responding to the desired directicii of turn. This
technique places greater lateral thrust on the
forward rotor.

2. When in hover, there is very little tendency
towards blade flapping to the extent of contact
with the stops, even under severe control displace-
ment. However, if this condition be experienced,
increase rotor rpm and reduce collective pitch to
cone the blades and clear the stops.

3. When in forward flight, blade flapping can
be reduced by increasing rotor rpm and by using
nose up longitudinal stick positioning. If this cor-
rective action is not sufficient, due either to over-
load gross weight and/or severe turbulence, then
a reduction in indicated airspeed is required.
Maintain rotor speed above 233 rpm. Basically,
the longitudinal stick positioner is used to com-
pensate for center of gravity positioning. How-
ever, adjustments from the normally-trimmed
position can be used advantageously to elimi-
nate striking of the stops and to reduce vibra-
tion. The use of Nose-Up position decreases
the collective angle on the aft rolors and reduces
the possibility of excessive blade flapping. It must
be remembered that when extreme Nose-Up posi-
tion is used to eliminate hitting the droop stops
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under loadings where an extreme aft center of
gravity can occur, the forward control travel will
be limited when recovering from a quick stop or
any maneuver where extreme forward longi-
tudinal control is necessary.

When an extreme aft center of gravity exists, the
resultant trim for equal fore and aft longitudinal
control travel will be nose down. It is possible for
the pilot to reduce this nose-down trim in forward
flight. If it has been used to compensate for center
of gravity location, he must remember that the
control travel will be limited for any abrupt
maneuvers. It is more desirable to reduce air-
speed and increase engine rpm than to make too
large a change in trim.
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Excessive blade flapping resulting in
continued contact of the droop stops will
induce high stresses to the upper rotor
controls. All flight operations must be
conducted to avoid this condition.

HOVERING.

Hovering into the wind will normally require
displacement of the cyclic stick forward and
slightly to the left and displacement of the left
directional pedal. Hovering cross-wind will neces-
sitate displacement of the cyclic stick into the
wind, and the directional pedal on the down-wind
side of the helicopter will have to be displaced
to prevent weather-vaning. Down-wind hovering
will require displacement of the cyclic stick rear-
ward. No weather-vaning tendency will be pres-
ent as long as the aft end is directly into the wind.

FORWARD FLIGHT.

During the transition from hovering to forward
flight or from forward flight to hovering, transi-
tional vibration will be noticed in the low air-
speed range. As airspeed increases, it will be
necessary to increase the forward displacement
of the cyclic stick and the right pedal.

ROTOR RPM IN FLIGHT.

For safe and efficient operation of the helicopter,
adequate control of the rotors must be main-
tained.-Recommended rotor speeds are dependent
upon conditions of gross weight, altitude, forward
speed, and proximity ‘to the ground. In general,
high gross weight, high altitude, or high forward
speed require high rpm for operation of the heli-
copter, However, lower rpm will provide optimum
fuel economy.

POWERED FLIGHT.
In powered flight the rpm range is the green line
range on the rotor tachometer.

‘ WARNING I

Do not operate at less than the low
limit of the green line on the rotor
tachometer in powered flight. Under no
conditions of flight should the rotor
speed exceed the rpm limit red lined on
the tachometer. Allowing the rotor to
drop below 233 rpm is permissible only
during transition to autorotation.

AUTOROTATION.

The right pedal will be displaced forward during
high speed autorotation. Maximum permissible
overspeed in autorotation is noted by the red line
on the rotor tachometer.

HYDRAULIC FLIGHT CONTROLS.

The controls displacement is not affected by the
hydraulic flight control system; however, with
the system off, it is necessary to exert consider-
able pressure to move the controls thus making
such flight for extended periods undesirable. (See
Control Forces Check.)

CONTROL FORCES CHECK.

When the hydraulic control system is on, the pilot
feels no forces in the collective and eyclic controls
except from the centering springs. When the
hydraulic system is off, greater forces will be
present in the controls. In order to thoroughly
familiarize the pilot with these forces and to
make flying easier in the event of a hydraulic
system failure, the following procedure is desir-
able and should be part of the daily procedure,
if practical from an operational standpoint.

1. Take off with the hydraulic control system
off. (Collective pitch friction fully released to
check extent of control forces. However, for ex-
tended flight with the hydraulic system off, the
friction is to be used to help hold the collective
pitch lever at the proper setting.)

2. Hover momentarily to determine the extent
of the control forces. These should not exceed
those shown in the table below :

YH-21 & H-21A BOOST-OFF FORCES
Acceptable Limits

Control Check Limit
Lateral and Maximum 8 pounds
Longitudinal

Directional Hover: 15 pounds Maximum

. Y/Max: 70 pounds Maximum

l.
2
I. Hover: %15 pounds Maximum
2. 80 Knots
3
4

Collective Pitch

. Autorotation Must be safe
. Climb at for
Normal- controllability

Rated Power
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3. Correct unbalanced forces by adjustment of
the bungees.

3 CAUTION

M A A a b b b b g

If unbalanced forces exist in the collec-
tive pitch bungees, the collective pitch
lever may travei to extreme positions
when the hydraulic system is turned on.
The friction lock must be tightened or
the collective pitch lever must be held
by the co-pilot to prevent such action.

LEVEL FLIGHT CHARACTERISTICS
UNDER VARIOUS CONDITIONS.

At all operational altitudes the level flight char-
acteristics of the helicopter are good. The heli-
copter is highly controllable and maneuverable at
all speeds. However, during slow flight a slight
vibration will be noticed.

LEVEL FLIGHT CHARACTERISTICS WITH
HYDRAULIC SYSTEM ON.

The characteristics of flight are good. There are
no unusual flight characteristics with the hydrau-
lic system on. '

LEVEL FLIGHT CHARACTERISTICS WITH
HYDRAULIC SYSTEM OFF.

As airspeed of the helicopter increases, the fric-
tion forces in the controls will increase, and the
controls will be more difficult to move without
hydraulic control. The controls will remain bal-
anced, but directional forces increase so that it
is necessary to hold right pedal. Hovering flights
and autorotative descents with the hydraulic

Section VI

system off are comparatively easy to control
and maintain.

CRUISING AT NORMAL GROSS WEIGHT.
For sea level cruise use 27 inches Hg manifold
pressure and a rotor speed of 245 rpm. This will
give an IAS of approximately 85 knots.

FLIGHT CHARACTERISTICS WITH
EXTERNAL CARGO.

It is recommended that pilots assigned to heli-
copters equipped with external cargo slings be
thoroughly checked out before assignment to a
mission as a tendency exists to overcontrol or
fight the oscillations of the weight.

When a pilot has become accustomed to the feel of
the helicopter with a suspended external weight,
he will find little difference in its flying qualities
or controllability. It will be necessary to make fre-
quent minor lateral stick corrections to offset the
effect of lateral oscillations of the weight upon the
helicopter. There are no critical stick positions
when flying with external eargo; however, maneu-
vers conducted with external weights should be
gradual and well coordinated.

Yawed flight results in an increased rolling ten-
dency opposite to the direction of yaw, par-
ticularly noticeable with a low density cargo.

It is most important that the adjustable collec-
tive pitch friction be set up to hold the lever
securely so that the lever will not creep while the
pilot is actuating the cargo sling release mechan-
ism. When possible, it is more practical for the
co-pilot or a crewmember to actuate the release
handle. When the release handle is pulled abruptly,
a relatively small effort is required on the part of

Figure &é-2 Flotation Equipment 109
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the pilot. The approximate pull load required to
actuate the release is 45-50 pounds with 3000
pounds of cargo on the sling, but this pull load is
not apparent when a positive straight-up pull is
performed.

SLING LOADS.

The maximum forward speed for various sling
loads is determined by the handling character-
istics of the particular load. Normally, 60 to 70
knots is the optimum speed for good handling
characteristics and minimum power required.
Some loads may require lower speeds, while
others can be flown in excess of 85 knots.

TOWING.

Aerial towing of surface objects is accomplished
by use of a special towing rig attached to the

helicopter.
‘ WARNING I

Towing with the cargo sling is pro-
hibited since it induces an extreme nose-
down condition which can result in loss
of control.

TAXIING WITH FLOATS.

The helicopter (figure 6-2) is quite maneuverable
when taxiing with floats. Spot turns of 360
degrees, S-turns, and rearward taxiing can be
performed with good control response.

FLIGHT CHARACTERISTICS WITH
FLOATS.

There are no unusual flight characteristies. Infla-
tion of floats in flight will not cause any change
in attitude of the helicopter or the controls due
to the slow rate of inflation. When floats are
inflated on the ground the minimum recom-
mended air pressure is 1.5 psi. This insures suf-
ficient pressure for flight operations and prevents
float buffeting from rotor downwash. The fol-
lowing conditions will change float pressure:

1. Inflating the floats in a warm hangar and
moving the helicopter outside into colder tem-
peratures.

2. Flying at a warm altitude and landing on
cold water,

For additional information, refer to Section IX
and the charts in Appendix I.

MANEUVERING FLIGHT.

During all operational maneuvers, the helicopter
is highly controllable. Excellent maneuvering

qualities will be noticed in operations close to
the ground.

Note
A 30-degree angle of bank is usually
sufficient to accomplish all turns under
normal flight conditions. However, if
operations require steeper turns, banks
up to 45 degrees can be made without
adverse effects.

DOWN-WIND TURNS AT LOW ALTITUDES.
Down-wind turns at low altitude can be made in
this helicopter. ‘Although the helicopter will not
stall or spin, loss of airspeed will result in loss
of translational lift and, consequently, loss of
altitude. There is a tendency to judge speed by
reference to the ground. This method is deceptive
and unreliable. The correct technique for execut-
ing this maneuver at low altitude requires that
the pilot observe indicated airspeed from the
instrument without making reference to the
ground.

B P B A A

¢ CAUTION §

When down-wind turns are made at low
altitudes, the pilot should be certain to
maintain airspeeds above 20 knots IAS
or be prepared to apply pitch and power
at a rapid rate to prevent an uninten-
tional landing.

DIVING.

The helicopter maintains good controllability to
maximum allowable indicated air speed. (See
Instrument Markings, Section V.)

VERTICAL DESCENT.

Vertical descent at zero airspeed may be ac-
complished. During vertical descent with power,
considerable vibration, similar to transitional
vibration, will be present and the helicopter will
be unsteady because it is settling through the
rotor wash. However, full control can be main-
tained. Vertical descent in autorotation is
smoother than vertical descent with partial
power.

o P P
A a et e o o

¢ CAUTION $

Vertical descents are not recommended.
Due to lower rate of descent and better
controllability at forward speeds of 50
—60 knots IAS, it is more desirable to
perform a power-on glide. :

Revised 1 May 1956
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ENGINE.

MIXTURE CONTROL.

After the engine is stopped, leave the mixture
control lever in the IDLE CUT-OFF position
until the next start. The mixture control lever in
the NORMAL or RICH position will allow the
fuel which is left in the carburetor after shut-
down to drain out. When the carburetor is again
placed in operation, the air that replaced the lost
fuel is difficult to remove and will cause surging
of the engine. The carburetor diaphragms will
dry out and not function properly if the car-
buretor is drained.

CARBURETOR ICE.

IMPACT ICE.
Impact ice may be caused on the carburetor by

Section VIl

snow or sleet. However, because of the carburetor
installation on this helicopter, icing of this nature
should be infrequent.

THROTTLE ICE.

Throttle ice develops when moisture in the air
becomes frozen at the carburetor butterfly valve.
This condition results from the extreme cooling
effect that takes place in the venturi section of
the carburetor.

INTERNAL ICE.

Ice can be formed within the carburetor by the
rapid evaporation of fuel as it is sprayed into
the air intake. This can occur even in warm
weather under certain atmospheric conditions.

RESULTS OF CARBURETOR ICE.
Carburetor ice will affect engine performance as
follows:
1. Decrease in manifold pressure and power.
2. Roughness in engine operation.
REMOVAL OF CARBURETOR ICE.
The alternate air system is provided to prevent
icing if used when icing conditions are antici-
pated but is not intended to remove large forma-
tions of ice once they have formed. If ice is
already present, shift to the HOT position and

11
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proceed to an altitude where icing conditions do
not exist.

B e i PP
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3 CAUTION $

Avoid operating in heat ranges that
increase tendency to carburetor icing.

BACKFIRING.
Backfiring of cold engine after initial start can
result from the following causes, any one of
which upsets the fuel-air ratio:

1. Overpriming.

2, Underpriming.

3. Engine speed above the prescribed idling
rpm.

4. Throttle pumping.

Note

Avoid conditions causing backfiring as
it is harmful to the induction system
and can result in engine fire.

SPARK PLUG FOULING.

The buildup of residue on the spark plug elec-
trodes is known as spark plug fouling. It is a
result of the use of an overly rich fuel-air mix-
ture, particularly during idling and starting, in-
correct shut-down procedure, and/or oil vapor
leaking past the piston rings into the combustion
chamber. This can cause failure to start, rough
running, detonation, and loss of power.

REMOVAL OF RESIDUE.

An excessive rpm drop during the Ignition Sys-
tem Check indicates the probability of fouled
plugs. No damage to the engine can result from
using the following procedure in an attempt to
remove residue:

1. Throttle: Idle engine, with rotors disen-
gaged, at 1400-1500 rpm.

2. Mixture control lever: Manually lean un-
til rpm drops no less than 50 or no more than 100
rpm. (This gives best mixture for clearing the
plugs. Leaning less than 50 rpm is ineffective.
Total movement of the mixture control lever from
point that rpm starts to drop to CUT-OFF is
approximately one-quarter inch.)

3. Engine: Run approximately two minutes
without changing mixture or throttle setting.

4, Mixture control lever: RICH.

5. Clutch: ENGAGE and check magneto
drop. If excessive, flick primer switch three or
four times and recheck.

Note

Flicking the primer switch at magneto
check point will some times clear a small
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excessive drop after the leaning proce-
dure but seems to have very little effect
if used before leaning.

Should the above procedure fail to reduce the
roughness and improve the magneto check, replace
the spark plugs.

High power or “burn-out” procedures merely in-
crease the difficulty by glazing the deposit on the
spark plugs and make it impossible to clean them
except by spark plug overhaul. “Burn out” also
can make a glow plug of the fouled plug which
can cause serious damage to the engine by starting
detonation.

CYLINDER HEAD TEMPERATURE.

The cylinder head temperature should never
exceed the maximum indicated on the gage and,
if possible, the engine should be operated within
the optimum range shown on the dial. Cylinder
head temperature may be lowered during climb
by decreasing the rate of climb and increasing
forward speed. Use of rich mixture and lower
power settings will also produce a cooler operat-
ing range.

DETONATION.
Detonation is caused in an engine by the extreme
or a combination of extremes of the following:

1. Cylinder head temperature.

2. Manifold pressure.

3. Spark advance.

4. Carburetor air temperature.

5. Lean mixture,.
With the high ecylinder head temperature that
any one of these conditions produce, the induced
fuel is pre-ignited and explodes instead of burn-
ing evenly. This detonation can cause damage to
the pistons and other engine components, as well
as resulting in extreme loss of power. If detona-
tion is experienced during flight, it can be coun-
teracted as follows, dependent upon which
operational factor the pilot feels is causing it:

1. Decrease carburetor heat.

2. Enrich mixture.

3. Decrease manifold pressure and rpm.

4, Change from climb to forward flight or
from forward flight to long gliding flight to
reduce cylinder head temperatures.

PRIMING.

Priming supplies fuel to the engine induction sys-
tem for starting. Pressure is supplied by the fuel
booster pump to the primer valve, located on the
rear of the carburetor. The primer valve is en-
ergized by an electrically-actuated solenoid,
controlled by the two-position, ON-OFF, primer
switch located on the console switch panel. Two
lines are routed from this valve to the carburetor
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just above the impeller throat. Fuel sprayed into
this section by the primer valve is diffused to
all cylinders by the impeller. When the engine
is running, priming is not required, as fuel is
drawn into the induction system by the impeller.
Priming this engine in warm or cold weather is
accomplished by flicking the primer switch inter-
mittently until the engine fires and runs smoothly.

I WARNING I

Avoid priming a hot engine in warm
weather as there is normally sufficient
fuel remaining in the induction system
from prior running. An added charge
of fuel in this case could result in
engine fire from backfiring.

OVERPRIMING.
Overpriming is not desirable on engine starting
as it produces the following bad effects:

1. Makes engine starting difficult.

2. Increases danger of engine fire from back-
firing.

3. Washes lubricating oil from the cylinder
walls.

4. Causes hydraulic lock in extreme cases.

Overpriming can be detected by the tendency of
the engine to fire weakly and emit heavy black
smoke from the exhaust. If overpriming has oc-
curred, and the engine will not start, the pilot
should cut the ignition switch immediately and
return the mixture control lever to the IDLE
CUT-OFF position. The engine should then be
cranked through intermittently by pressing the
starter button for periods not exceeding four to
five seconds. This action should clear the engine
of excess fuel. A new start may then be attempted
with none or a minimum of priming.

UNDERPRIMING.

Underpriming on engine start is not desirable as
it develops engine backfiring conditions. Charac-
teristics of underpriming are failure of the engine
to start and white smoke from the exhaust sys-
tem. If a start is made, the engine will run
roughly with low power. If underpriming is prev-
alent, check to see that the fluids shut-off switch
is NORMAL, the mixture control lever is in the
RICH position and the fuel booster pump switch
is in the HIGH position. Check to ascertain that
the fuel pump is delivering the minimum pres-
sure required.

MANIFOLD PRESSURE LIMITER.

PROCEDURE FOR CHECKING OPERATION.,

Although the manifold pressure limiter is auto-
matically operated, the following check should be
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made when there is a question as to its operating
properly or if the required manifold pressure has
not been obtained:

1. Rescheduling arm: Ground check (engine
not running) by shifting to high blower then to
low blower. Check for full motion and direction
of the rescheduling arm (short arm adjacent to
the lever from the limiter to the carburetor)
during each shift. The rescheduling arm should
move to the forward stop in low blower and to
the aft stop in high blower.

LOW BLOWER. Check as follows with engine
running:

1. Mixture control lever:
level).

2. Throttle: Open to obtain full available
manifold pressure at 2500 rpm. (Do not exceed
47 inches Hg; throttle may be held open a maxi-
mum of two minutes, if necessary, to obtain
stabilized readings.)

3. Manifold pressure gage: Check. Full avail-
able must not be less than 46 inches Hg or more
than 47 inches Hg.

HIGH BLOWER. Check as follows:

1. Mixture control lever: RICH (at any alti-
tude between 10,000 and 13,000 feet).

2. Throttle: Open to obtain full available
manifold pressure at 2600 rpm. (Do not exceed
51 inches Hg; throttle may be held open a maxi-
mum of two minutes, if necessary, to obtain
stabilized readings.)

3. Manifold pressure gage: Check. Full avail-
able must not be less than 49.5 inches Hg or
more than 50.5 inches Hg.

NORMAL (sea

Note

Any regulator which does not limit the
power or permit the above powers to be
obtained or does not shift the reschedul-
ing lever shall be replaced and rechecked.

SUPERCHARGER.
HIGH BLOWER.

USE IN FLIGHT.

Use of the high blower is recommended for con-
tinuous flight operations at altitudes above 9000
feet, High blower should not be used below 9000
feet for the following reasons: The power re-
quired to operate the blower substantially reduces
the power available for take-off, climb, etc. The
additional adiabatic heating of the air when it
passes through the impeller at the high blower
setting increases the temperature of the mixture
which enters the combustion chamber and thus
causes higher cylinder head temperatures. Maxi-
mum BMEP of the engine can be obtained in low
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blower up to 9000 feet and therefore no advan-
tage is gained by the use of high blower below
this altitude.

PROCEDURE FOR SHIFTING BLOWER.
Shifting of the blower from the LOW ratio drive
to the HIGH ratio drive should be accomplished
as follows:

1. Mixture control lever: RICH.

2..Collective pitch and the throttle: Decrease
to obtain 2300-2400 engine rpm and a reduction
of four inches in manifold pressure.

3. Supercharger switch: HIGH.

4. Increase the engine rpm and the collective
pitch to return the helicopter to the desired con-
dition of flight. Use care to avoid blade tip stall-
ing when slowing the engine down, as this condi-
tion causes undersirable vibration in the rotor
system.

B B A AP
WA
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{ CAUTION 3

Do not shift to HIGH blower at engine
speeds above 2400 rpm. A shift at higher
speeds can result in engine operation at
manifold pressures above limits.

TRANSMISSIONS.
OIL TEMPERATURE.

There is no minimum oil temperature for trans-
mission operation. The oil in the transmissions
will be warm enough for take-off by the time the
engine is warmed up. Usual operating oil tem-
perature of the transmissions is 65-70°C. How-
ever, the normal operating temperatures vary
with the outside temperature and it is permissible
to operate at a stabilized temperature to the limit
of the red line on the transmission oil tempera-
ture gage,

PRESSURE.

The oil pressure of the forward, mid, and aft
transmission will normally be observed at 55-65
psi. However, the pressure will vary with condi-
tions and it is permissible to operate at a stabil-
ized pressure within the range of the red lines on
the pressure gage. It is permissible to take-off
with excessive transmission pressure and the red
warning light on, since the indicated pressure may
exceed the maximum continuous operating pres-
sure when the oil temperature is low and take-off
rpm is applied. However, during flight the tem-
perature and pressure must be checked for stabi-
lization within the normal operating range. If it
is not obtained in 15 minutes, land immediately.
Transmission temperature and pressure warning
lights can be actuated by any one of the follow-
ing:
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1. Oil pressure below the low limit.

2. 0il pressure above the high limit.

3. 0il temperature above the high limit.

4, Malfunction of the warning light system.
Should warning light come on but the tempera-
ture and pressure remain normal (stabilized at
or within the red line limits), the pilot can con-
tinue his flight and investigate the cause upon
landing. However, any time an excessive tem-
perature is accompanied by excessive changes in
pressure, landing should be made immediately.

Note

During autorotative landings with high
rotor rpm, the transmission oil pres-
sures can build up as high as 100 psi.
Under these conditions the warning
light will come on. This is not an indica-
tion of a malfunction and is normal
provided that:

1. Warning light was not on prior to
autorotation.

2. Warning light goes out when normal
rotor rpm is resumed.

CLUTCH ACTUATOR CHECK.

The friction and jaw clutch switches should be
placed on in proper sequence to check the actuator
cycle. This test should be made twice by the pilot,
while a crewmember watches the actuator arm
from the left side of the mid transmission.
This is necessary since too much torque can be
applied to the clutch actuator motor and cause
it to slip. This slippage will be apparent (with
the clutch switch in the DISENGAGE position)
by continued illumination of the clutch warning
light on the console. This condition permits the
clutch actuator to move the clutch engaging
mechanism directly into the jaw position, thereby
damaging the rotor system. The arm is upright
when both clutches are disengaged. It moves aft
for friction clutch engagement and down at 45
degrees for jaw clutch engagement. This visual
check will show that the actuator arm is work-
ing through its full range of travel and stopping
at its designated points to minimize the possi-
bility of damage to the helicopter resulting from
actuator failure.

Note

The clutch actuator slippage described
above can only occur on helicopters
equipped with Airesearch actuators
models 31708 and 31708-1. A modified
actuator, Airesearch model 38162, which
eliminates the possibility of clutch slip-
page, is installed on some helicopters.
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PREFLIGHT CHECK PROCEDURE.

This detailed check procedure shall be performed
prior to each starting of the engine. A qualified
crewmember, perhaps a co-pilot or mechanic,
should stand in the cargo/passenger compart-
ment adjacent to the clutch where he can observe
the clutch actuator.

Pilot Crewmember

1. Friction cluteh switch: ENGAGE, Observe that

2. Jaw clutch switch: ENGAGE. desired action

3. Friction clutch switch: DISENGAGE. takes place and
signal confirma-
tion to the pilot.

CLUTCH ENGAGING LIGHT CHECK.

This check should be made simultaneously with
the Clutch Actuator Check. The jaw clutch amber
light on the console is operated by two inter-
dependent microswitches. One is mechanically
actuated, and the other is actuated by oil pres-
sure. The mechanically actuated switch is set to
break the light circuit when the jaw clutch is in
full engagement position. This will cause the
light to go out if there is oil pressure in the
mid transmission. If the light does not go out
after the visual Clutch Actuator Check has been
made and when there is oil pressure in the mid
transmission, it is probable that the limit
switches in the clutch actuator are malfunction-
ing., This warrants shut-down and inspection for
adjustment or repair except when flight is abso-
lutely necessary. The procedure to follow in
an emergency to determine engagement status
is to perform the Functional Engagement Check
presented hereinafter under Rotor Clutch En-
gagement.

ROTOR CLUTCH ENGAGEMENT.

P TR TeN
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Rotor engagement must not be attempted
when the clutch warning light is already
on. Under this condition the clutch will
travel immediately into the jaw position
instead of starting friction engagement.
The resultant damage to the rotor sys-
tem will be the same as during any other
premature jaw clutch engagement.

To engage the rotors, first throttle the engine
to indicate 1100-1200 rpm. Lift the friction
clutch switch guard and place the switch in
the FRICTION position. Lock switch in this posi-
tion with the guard. Maintain constant throttle
until the engine tachometer indicates approxi-
mately 900 rpm, This throttle setting may then
be maintained until engine and rotor rpm are
synchronized. Engine and rotors should synchro-
nize in 8-15 seconds, An adjustment of the
friction clutch may be required if engagement
requires more, or less, time than aforementioned.
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Do not permit engine speed to drop below 800
rpm during engagement.

Note
In cold weather, it may be necessary
to engage at a higher rpm but the engine
speed should not exceed 1500 rpm nor
fall below 800 rpm.

The jaw clutch may be engaged only when the
tachometer needles are synchronized. Synchro-
nization of the needles is essential during the
entire time required for jaw clutch engagement.

s )

If jaw clutch has been actuated before
synchronization of engine and rotor rpm,
shut down immediately and inspect rotor
and drive system for damage.

The jaw clutch light will go out when clutech is
fully engaged. Release the jaw clutch spring-
loaded switch, and it will return to the DISEN-
GAGED position. The friction switch must
remain in the FRICTION position until the clutch
is to be disengaged.

Do not run up engine when friction
clutch only is engaged. Such action
warps the bronze friction plates and
discolors the steel plates due to the
extreme heat generated when the clutch
plates slip.

Disengage clutch immediately if oil pressures
are not indicated in the forward, mid, and aft
transmissions within approximately two minutes.

CAUTION

Make certain the rotor and engine tachometer needles are
synchronized before engaging jaw cluich.
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