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CHAPTER |
GENERAL

1. Purpose

This manual is an expandable guide to be
1sed by the helicopter aviator trainee in the
sarly phases of training, by the helicopter avia-
wr in the study and operation of helicopters,
oy the flight and ground instructor as a text-
ook or reference in presenting instruction,
wnd by the checkpilot in the flight evaluation of
he student’s fundamental knowledge of rotary
ving flight. Expansion of this manual will be
srovided by additional coverage in future
+hanges.

2. Scope

a. Emphasis is given to basic helicopter
ierodynamics and flight techniques with discus-
ions on autoxotations, night fiying, operations
rom unimproved areas, precautionary meas-
wes, and formation flying.

b. Information in this manual is genoral and
pplicable, in part, to all helicopters. The fight
echniques discussed are applicable principally
o the OH-13 and OH-23 helicopters. Specific
light procedures and practices for individual
elicopters are found in the applicable opera-
or's manual. - Additional references are given
a appendix I

o. The material presented herein is applica-
le to nuclear or nonnuclear warfare,

0 gmon

d. Users of this manual are encouraged to
submit vecommended changes or comments to
improve it. Comments should be keyed to the
specific page, paragraph, and line of the text in
which change is recommended. Reasons should
be provided for each comment to insure under-
standing and complete evaluation. Comments
should be forwarded direct to Commandant,
United States Army Aviation School, Fort
Rucker, Ala. 36362,

1.3. Typical Single Rotor Helicopter
Configuration
Tigure 1.1 shows a typical observation heli-
copter with a list of terms usually assigned to
its principal components and parts,
1.4, Helicopter Configuration and
Performance
Information on helicopter configuration and
performance under particular conditions of
payload and flight is given in appendixes II and
1.5, Extemal Load Operations

External load operations are discussed in
appendix V.
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LLANDING LIGHT 11.TAIL ROTOR BLADE
2.ANTITORQUE PEDALS 12.TAIL ROTOR GUARD
3.RADIO CONSOLE 13.VENTRAL FIN

4.PLASTIC BUBBLE 14.TAIL BOOM

5.MAIN ROTOR BLADE 15. BATTERY

6.TRANSMISSION 16.CYCLIC CONTROL STICK
7.STABILIZER BAR 17. COLLECTIVE PITCH STICK
8.MAIN ROTOR MAST 18.THROTTLE

9.FUEL TANKS 19.GROUND HANDLING WHEEL
10.SYNCHRONIZED STABILIZER 20.SKID LANDING GEAR

Figure 1.1, Helicopter, singlo rotor configuration, typical.
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CHAPTER 2
BASIC HELICOPTER AERODYNAMICS

Section I.

2.1, Atmosphere.
great mass of air which completely en-
velops the earth (the atmosphere) does not end
abruptly, but becomes less dense (fewer mole-
<ules per unit volume) with increasing distance
away from the earth’s surface. For details, see
M 1-300.

2.2. Physical Properties of Atmosphere

The atmosphere is a mixture of several
Zases, Dry, pure air will contain approxi-
mately 78 percent nitrogen, 21 percent oxygen,
and minute concentrations of other gases such
as carbon diexide, hydrogen, helium, neon,
Jerypton, and argon. Water vapor in the atmos-
Phere will vary from unsubstantial amounts to
4 percent by volume (100 percent humidity).

2.3 Characteristics of Atmospheric Gases

Due to similarities in the physical nature of
all gases, the gases of the atmosphere can be
‘treated as a single gas. The kinetie gas theory,
~which pertains to the qualities of gases, states
that—

@, All gases are composed of molecules which
axe physically alike and behave in a similar
manner.

. Gas molccules are relatively far apart as
compared to the molecular structure of solids,
and are in a state of random motion, with an
average velocity proportional to their kinctic
energy or temperature. These gas molccules
continually strike each other and the walls of
any container in which they are confined.

2.4, Atmospheric Prossure
Atmospheric pressure is the result of the
weight of all individual molecules in any given

AGO s170A

Effect of ATMOSPHERE ON FLIGHT

column of the atmosphere. If, for example, a
cubic foot of dry, pure air in a columm of the
atmosphere woighs  approximately 0.07651
pounds, any relative cubic foot of air resting on
this one will weigh less because there is less air
above it

2.5. Atmospheric Density and Density
Altitude

a. Atmospheric Density. Any volume of air
is less dense than the air on which it rests. As-
suming a constant temperature, the density of
a volume of air will vary directly with the pres-
sure.  If the pressure is doubled, the density is
doubled; if the pressure is halved, the density
is halved. The new density compares o the
samo fractional part of standard density as the
new pressure to a fractional part of the stand-
avd pressure,

b. Density Altitude. Density altitude vefers
to a theoretical density which exists under the
standard conditions of a given altitude, The
efficiency of an airfoil, either wings or rotor
blades, is impaired at high altitudes by the lack
of air density. All aiverafl, rogardless of de-
sign, have an eventual ceiling limit where the
air is too “thin” to provie enough lift to sustain
flight. The effect of alr density on helicopter
performance is vital duc to the critical loading
and confined area-type operation usually re-
quired of the helicopter,

2.6, Effects of Tomperature and Humidity
on Density Altitudo
Air that occuples 1 cubic foot of space will
require more space if the temperature is in-
creased. Another density change is brought
about by moisture content (humidity) of air,
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With the absorption of molsture, as on a hot
humid day, the density of alr is reduced. Air-
craft performance capabilities are also reduced.
Since temperature and humidity change almost
constantly, performance predictions are diffi-
cult. An average atmosphere, however, has

Section II.

2.8. Airfoil

. General.  An airfoil is any surface, such
2s & wing or rotor blade, designed to produce
lift when aix passes over it. The airfoils for
an airplane ave the wings. Helicopter airfoils
are the rofor blades (rotating wings). The
sime basic aerodynamic principles apply to
both : one-third of airfoil lift is produced by the
impact of air on the undersurface of the air-
foil, and two-thirds of the lift is produced by a
pressure drop over the upper surface of the
airfoil (fig. 2.1)

b. Chord. An imaginary line from the lead-
ing edge to the trailing edge of an aifoil is
known as the chord. (fig. 2.1).

c. Relative Wind. Air flowing opposite and
parallel to the direction of airfoil motion is
known as relative wind (fig. 2.1)

DIRECTION OF
RELATIVE WD — Z

HIGH PRESSURE AREA

been established as standard, and aircraft per-
formance ean be planned and evaluated by use
of this standard.

2.7. Computing Density Altitude
A method of computing density altitude is
given in appendix IV.

GENERAL AERODYNAMICS

29. Airfoil Configuration

Abrfoil sections vary considerably. An air-
fail may be unsymmetrical (A, fig. 2.2) or sym-
metrical (B, fig. 2.2), depending on the specific
vequirements o be met.

a. Unsymmetrical Airfoils, On an unsym-
metrical airfoil, the center of pressure (an
imaginary point on an airfoil chord where all
aerodynamic forces are considered to be con-
centrated) moves forward as the angle of at-
tack is increased. Most airplanes have unsym-
metrical zirfoils. An unsymmetrical
normally is unsatisfactory for use as a heli-
copter rotor blade because of the rapid move-
ment of the center of pressure back and forth
on the rotor airfoil throughout each blade
revolution.

b. Symmetrical Airfoils. A symmetrical air-
foil has the characteristic of limiting center-
of-pressure travel. Hence, helicopter rotor

DEFLECTION LIFT

Figure 2.1. Relationship of airfoil to lift.

G0 s110A
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Pigure 2.2, Adrfoil section configuration.
blades are usually symmetrically designed so

that the center of pressure remains relatively
stable,

2.10. Weight and Lift

a. Weight. The total weight of a helicopter
i e first force that must be overcome before
flight is possible. Lift is the beneficial force
needed to overcome or balance that total weight
(fig. 2.3).

™ 1-260

b. Lift. When wind velocity across an ob-
ject increases, pressure lessens (Bernaulli's
principle).  As applied to the airfoils of a heli-
copter (fig. 2.1), the curvature of the top sur-
face of a typical airfoil forces air over a longer
path than that over the bottom surface. Since
this air has farther to travel, its velocity i
creases, causing the pressure on top of the ai
foil to be less than that on the bottom.
pressure difference tends to lift the airfoil into
the area of lower pressure,

2.11. Thrust-Drag Relationship

Thrust and drag, like weight and lift, are
closely related. Thrust moves the helicopter
in the desired direction; dyag tends to hold it
back. In the helicopter, both lift and thrust
are obtained from the main rotor. In vertical
ascent (par. 2.27), thrust acts upward in a
vertical direction; drag, the opposing force,
acts vertically downward, In forward fiight,

WEIGHT

axntes

Figure 23. Force acting on helicopter in fight.

460 s110A
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thrust is forward and drag to the vear. In
rearward flight, the two are reversed.

2.12. Angle of Attack

a. General. The angle of attack (fig. 24) is
the angle at which an airfoil passes through
the air. This angle is measured between the
chord of the airfoil and the relative wind.
When the angle of attack is increased, deflec-
tion of the airstream causes an upward pres-
sure on the underside of the airfoil and the

w of air over the top side of the airfoil
increases in speed, further reducing the pres-
sure on the top side. These forces combine to
furnish lift,

i

Figure 24. Angle of attack.

b. Helicopter. An aviator can increase or
decrease the votor blade angle of attack with-
out changing the attitude of the fuselage. He
does this by changing the piteh of the rotor

QIRECTION OF ROTATION

pVs

LOW FLAP RESULT

cyeuie
CONTROL STICK

blades with the collective pitch control
most flight conditions, the angle of attack o
ench rotor blade continually ehanges as it turn;
through 360° (fig. 2.5). This continuous chang:
occurs when the rotor planc-of-rotation (roto
dise) is tilted by cyclic pitch control, as it i
during forward, renrward, and sideward fligh
(par. 2.28).

2.13. Stall

As angle of attack is increased, 1ift will alsc
increase up to a certain angle. Beyond thi
angle, the air loses its streamlined path ove
the aivfoil and the airfoil will stall. More pro
cisely, airflow will no longer be able to Iolln\'
the contour of the upper airfoil sur
will breal away (fig. 2.6) and form b\ublm
(eddies) over the upper surface. The angle o
attack at which this separation takes place i
called the separation point, the burble point,
the stalling point.

2.14. Velociky

Unde

A inimum velocity is required fo
v fo develop sufficient Tift to st & heli
copter into the air. A h
must move through the

air at comparatively
high speed to produce suflicient 1ift to raise the

HIGH FLAP RESULT

Bavn667

Figuro 25 Anglo of attack variations.

ey



helicopter off the ground or keep it in the air.
The rotor can turn at the required takeoff
speed while the fuselage speed remains at zeor.
Speed of the rotor blades, and resultant veloc-
ity of airflow over them, is independent of fusc-
lage speed. The helicopter can rise vertically.
It can fly forward, backward, or sideward as
the aviator desires. It can even remain sta-
tionary (hover) in the air, with the rolor
blades developing sufficient lift to support the
helicopter.

2.15. Velocity—Angle of Attack

Relation between velocity of airflow and
angle of attack on an airfoil, and their effect
on lift, can he expressed as follows: For a
given angle of attack, the greater the velocity,
the greater the lift (within design capabilities
of the airfoil). For a given velocity, the great-
er the angle of attack (up to the stalling
angle), the greater the lift.

Section Il

2.16. Torque

Newton's third law of motion states, “To
every action there is an opposite and equal re-
action.” As a helicopter rotor turns in ono
divection, the fuselage tends to rotate in the
opposite direction, This effct is called torque,
and provision must be made to counteract and
control this effect during flight. In tandem
votor and coaxial helicopter designs, the rotors
turn in opposite directions and thereby neu-
tralize or eliminate torque effect. In tip-jet
helicopters, power originates at the blade tip
and equal and opposite reaction is against the
air; there is no torque between the rotor and
the fuselage. The torque problem is, however,
especially important in helicopters of single
main rotor configuration, Since torque effect
on the fuselage is a direct result of cngine
powex supplied to the main votor, any change
in engine power brings about & corresponding
change in torque effect. Furthermore, power
varies with flight maneuvers and conditions,
vesulting in a variable torque effect.

A0 81108,
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sottol
Pigure 2. Effoct of angls of attack on irflow,

AERODYNAMICS OF HELICOPTER POWERED FLIGHT

2.17. Antitorque Rotor

Compensation for torque in the single main
votor Helopter s accomlished by means of o
wariable pitch, untitorque rotor (tail rotor),
Joended on the end of & tail.boom extenston 2t
the vear of the fuseluge. Driven by the engine
at a conatant ratio, the tail rotor produces
thrust in a horizontal plane opposite to torque
renction developed by the main rotor (g 7).
Slhs torrs et vasies during fight when
power changes are made (par. 2.16),
casary fo vary tho thrast of the (il roor. Foot
pedals (antitorque pedals) enable the aviator
to compensate for torque variance in all fight
regimes and pemit him to increase or decrense
tail rotor thrust, as needed, to counteract
torque effect,

2.18. Heading Control

The tail rotor and its control linkawa ne
serve as a means of counteracting |
2.17), but also permit control of
during taxiing, hovering, and sidc .
tions on takeofts and approaches.
of more control than i necessary
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« ROTOR TURNS
S

oiRecrion Lt 1y, 1yipusT
OF TORQUE TO COMPENSATE

FOR TORQUE

Figure 2. Compensating torque reaction,

torque will cause the nose of the helicopter to
swing in the divection of pedal movement (left
pedal to the left and right pedal to the right).
To maintain a constant heading at a hover ar

during takeoff o approach, an aviator
use xu\tltn)quv Dedals to apply just ¢
pitch o Totor to neutralize torq:
possible \vmthk\vanc unu in a cros
Heading control in forward fight at
normally s accomplished hy flying the
copter to the desired heading with cyeli
trol, using a coordinated bank and tum,

2.19. Pendular Action

1t is normal for the fuselage of a el
to act like a pendulum (to swing latera
longit Abrupt changes of flig
rection, caused by overcontrolling, exagy
this pendular action and_should be av
Overcontrolling of the cyelic rosults in a
changes of the main votor tip-puth plane
are not veflected in corresponding chang
the fuselage. The cyclic control shou
moved at a rute which will cause the main
and the fusclage o move s & unit.

2.20. Gyroscopic Precession

a. Gyroscopic precession (a phenon
characteristic of all rotating bodies) is tt
sult of an applied force against & votating
and occurs approximately 90° in the dirc
of rotation from the point where the for
applied (fig. 2.8). (Sec also fig. 2.5.) I

anvn(71

Figure 23, Gyroseopio preccasion,



control linkage were not employed in the heli-
copter, an aviator would have to move the
cyclic stick 90° out of phase, or to the right,
when he wanted to tilt the disc area forward.

b. To simplify divectional control, helicop-

ters employ a mochanical linkage which ac-
tually places cyclic pitch change of the main

Dhase with the movement of the cyclic control,

ssymmetry of Lift

. The aren within an imaginary circle
formed by the rotating blade Lips of a helicop-
ter is known as the disc area ov rotor dise,
When hovering in still air, lift created by the
votor blades at all segments of the disc aren is
equal. Dissymmetry of lift is the difference in
it that exists between the advancing half of
the disc area and the retreating half. It is
ereated by horizontal flight or by wind.

0. At normal takeoff rpm and zero airspeed,
the rotating blade-tip speed of most helicopters
is approximately 600 feet per second (409 miles
per hour or 855 knots). To compare the lift of
the advancing half of the disc area to the lift
of the retreating half, the following mathe-
matial formula can bo used:
(C)X(D)X(A)X(V)

In this formula, L is equnl to the lift; C* equals
the cnelrueut of 1ift; D equals density of the
A equals the blade avea in square foet
dnd V equals velocity, in relation to the relative

¢. Tn forward flight, two factors of the basic
lift formula (D and 4) are the same for both
advancing and retreating blades. Since the
airfoil shape is fixed for a given rotor blade,
lift changes with the two variablos: angle of
attack and velocity. These two vaviable factors
must compensate each other in forward flight
o maintain desived flight attitudes, For ex-
ample—

(1) When the helicopter is hovering in
still air, the tip speed of the ndvanc-
ing blade is about 600 feet/socond and
V* is 860,000, The tip speed of the
retreating blade is the same. Since

G0 8710
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dissymmetry of it is created by the
horizontal movement of the helicopter
in forward flight (fig. 2.10) the ad-
vancing blade has the combined speed
of blade velocity plus speed of the
helicopter. The vetreating blade loses
speed in proportion to the forward
specd of the helicopter.

(2) If the helicopter is moving forward
at a speed of 100 knots, the velocity
of the rotor disc will be equal to ap-
proximately 170 feet per second. In
feet por second, tip speed of the ad-
vancing blade equal 600, helicopter
speed 170, with their sum 770 and V*
amounting to 592,900, But the re-
treating blade is traveling at a tip
speed of 600, minus 170, which is 430,
and V* equals 184,900, As can be seen
rom the difference between advane-
ing and retreating blade velocities, a
pronnunued speed and ift variation

xists.

the above cxample, the advancing
bmde i produce considerably more lft than
the retreating blade. This dissymmetry of lift,
combined with gyroscopic precession, will cause
the hehwpm- to nose up sharply as soon as any
appreciable forward speed Is renched. Cyclic
piteh control, u design feature that permits
continual changes in the angle of attack during
cach revolution of the rotor, compensates the
dissymmetyy of lift. As the forward speed of
the helicopter is increased, the aviator must
apply more and more forward cylic to hold a
given votor tip-path plane. The mechanical
addition of more pitch to the retreating blade
and loss piteh o the advancing blade is con-
tinued, throughout the spoed range, to the top
speed of the holicopter. At this point, the re-
treating blade will stall, because of its attempt
to develop and equal the lift of th advancing
blade.

6. Digsymmetry of lift ean occur as a resul
Y
(1) Accelerations,
(2) Decelerations,
(8) Prolonged gusts or turbulence.
(4) Rotor ypm increases.
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DIRECTION OF

CYCLIC PITCH
CHANGE HERE

ssens72

Figure 2.0. Mechanically conpensatod gyroscopic precossion.

FLIGHT
DIRECTION

HELICOPTER
FORWARD
SPEED

366-100= 255

KT
(RETREATING BLADE) 355+100=455 KT

(ADVANCING BLADE)

(ROTATIONAL VELOCITY)<: (HEL FORWARD SPEED) = (AIRSPEED OF BLADE)
aavn6T3
Figure £.10, Dissymanetry of lift,

A0 87704



(5) Rotor rpm decreases.

(6) Heavy downward application of col.
lective pitch.

(7) Hoavy upward application of collec.
tive pitch.

f. 1 uncorrected, dissymmetry of ligt wil
cause an attitude change which o surprise
the inexperienced aviator. As his experien
increasos, the aviator makes the requued cor-
voctions ta prevent attitud changes caused by
dissymmotry of litt. For the partioular ma-
neuver boing performed, he has learned to gi
primary attention to controlling holicopter at.
titude to an exact dogree in relation to the
horizon. If he controls attitude properly, he at
the samo time carrects for dissymmetry of lift
during all phases of flight.

2.22. Hovering

. Hovering is tho term applied when a heli-
copter maintains a constant position at & se-
locted point, usuully a fow feet above the
ground. Tor a holicopter to hover, the main
votor must supply 1ift egual to the total weight
of tho helicopter. By rotation of the blades at
high volacity and increase of blade pitch (angle
of attack), the necessary lift for a hover is
induced. The forces of lift and weight reach
astate of balance,

b, Hovering is actually an eloment of verti-
cal flight. Assuming n no-wind condition, the
tip-path planc of the blades will remain hori-
sontal. Tt the angle of aftack (piteh) of the
blades s inereased whilo their volocity remains
constant, additional vertical thrust is obtained,
Thus, by upseiting the vertical balance of
forces, tho hlicoptor will climb vertically. By
the sume principle, the reverse is true; de-
creased pitch will result in helicopter descent.

2.23. Airflow While Hovering

@ At a hover, the rotor system requires a
great volume of air upon which to work. This
air must be pulled from the surrounding air-
mass, rosulting in & costly process which al?-
sorbs o great deal of horsepower. This air
which is delivered to the rotating blades is
pulled from above at a relatively high velocity,

Ado srion
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forcing the rotor system to fly upstream in a
descending column of air (fig. 2.11).

b. Rotor tip vortex (which is an air swirl at
the tip of wings or votor blades) and the re-
circulation of turbulent air are nlw factors to
he considered in hoverin equently, the
hovering rotor is operating in an undesirable
air-supply environment which requires high
blade angles of attack and high power expendi-
tures, accompanied by high fuel consumption
and heavy wear on the helicopter due to sand
and debris ingestion.

B.IN GROUNO EFFECT

Rigure 2,11, Airflow while hovering.
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2.24, Ground Effect

The high cost of hovering is somewhat re-
lieved when operating in ground effect (B, fig.
2.11). Ground effect is a condition of improved
performance encountered when hovering near
ground or water surfaces at a height of no
more than one-half the rotor diameter. It in
wnore pronounced the nearer the ground is ap-
proached. Helicopter operations within ground

fect are more efficient than those out of
ground effect (see performance charts in op-
erator’s handbook and A, fig. 2.11) due to the
reduction of rotor tip vortex and the fiattening
out of the rotor downwash. Ground effect re.
duces induced drag, permits lower blade angle
of atfack, and results in a reduction of power
required.

2.25. Translational Lift

a. The efficiency of the hovering rotor sys-
tem is improved by each knot of incoming wind
gained by forward motion of the helicopter or
by surface headwind. (See rule No. 4, app.
IIL). As the helicopter moves forward, fresh
air enters the system in an amount sufficient to
relieve the hovering airsupply preblem and
improve performance (fg. 212). At approxi-
mately 18 knots, the rotor system receives a
sufficient volume of free, undisturbed air fo re-
lieve the air-supply problem. At this time, lift
noticeably improves; this distinct change is
referred to as effective transiational lift. As
airspeed increases, translational lift continues

for best climb. Thereatter, as speed incronses,
additional gains of translational Jift are can.
celed by increased total drag.

18, Airflow with translational ft in forsoard
ight.

b. AU the instant of effective transly
lift and as the hovering air supply patt
broken, there is suddenly at this mome
advancing and retreating blade and i
metry of Nft (par. 2.21), which requiv
avintor to ropasition the eyelic forward
der to maintain the normal takeofl at
Next, usually a need avises for pedal
tioning to compensate for the stream
effect of forward flight won the til boor
the increased efliciency of the il roto
transtational flight).

. 1 forward flight, air passing throuy

rear portion of the rotor dise has a b

downwash velocity than air pussing thy

the forward portion, This is known as ¢
e 1 i

This effec
ic precossion
2.20), cnses ¢ to Lile sidey
and results in vibration which is most n
able on entry into effeetive teanslational

226. Translating Tondoncy

“The helicopter has u tendency 1o move i
divection of il rotor thrust (Lo the 1
when hovering (par. 222). This transly
tendency i avercomo by rigiinge the helie
with the tip-path plane’ (pur, 2.28) of the 1

rotor tilked slightly Lo the left. This rig
resulls in a thrust force action to the loft ¢
to and compensating the tendeney to b
to the right (fig. 2.10), In helicoptors ha
w fully articulated rotor systom. the ayl
prevents this translating lendency by appl,
left cyclic coutrol which vesults in n hover +
tho left side slightly low,

2.27. Vortical Flight

During vertical ascent, Urust nets vortic
upward, while drag and weight et vertic
downward (fig. 2.15). Deng, opposing the
ward motion of the helic i Ineroased
the downwash of nix from the main 1o
Thrust must be suficiont (0 ovorcome L
weight und dvag forces, Since the main i
s responsible for both thrust and litt, the £t
representing the total airfoil venction to tho
may be considered as two components—/ift |
Uhrust. Litt is the force component requj

008
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DOWNWARD VELOCITY OF —
AIR MOLECULE USED BY
AFT SECTION OF ROTOR

e

Figure 2.13. Transverse flow offect,

u
LEFT OF VERTICAL

TRANSLATING
TENDENCY

Toroue | w11 oroR
REon THRUST
—
Piguro 8.5, Compensating translating tendency
(helicoptor rigged alightly loft).
o support the weight of the helicopter, Thrust
is the force component required to overcome
e drag.
2.28. Horizontal Flight
In any kind of helicopter flight (vortical,
forward, backward, sideward, or hovering),

A6 s710A

the 1ift forces of a rotor system are perpen-
dicular to the tip-path planc (plane of votation)
(fig. 2.16). The tip-path planc is the imaginary
cireular planc the ciroumference of whicl is
inseribed by the tips of the blades in o cycle of
rotation. During vertical ascent or hovering,
the tip-path plane is horizontal and tho result-
ant foree acts vertically upward (fig. 2.17). An
aviator accomplishes horizontal flight by tilting
the tip-path plane, The esultant force tilts
with the rotor (fig. 2.18), acting both upward
and horizontally. The fotal force can, there-

o e

Figure 2.16, Aorodynamo foroea in vortioal fight.

241
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fore, be resolved into two components—Iift and
thrust. The lift component is cqual to an op-
posite weight, The thrust component acts

the direction of flight to move the helicopter.

2.29. Retreating Blade Stall

@ A tendency for the retreating blade to
stall in forward flight is inhorent in all present-
day helicopters, and is a major factor in lim-
iting their forward speed. Just as the stall of
an airplane wing limits the low-speed possibili
tios of the airplane, the stall of a votor blado
limits the high speed potential of a helicopter
(fig. 2.19). The airspeed of the rotreating
blade (the blade moving away from the direc-
tion of fight) slows down as forward speed
inereascs. The retreating blade must, however,
Droduce an amount of Ift equal to that of tho
advancing blade (B, fig, 219). Therefore, a5
the airspeed of the refreating blade decroases
with forward speed, the blade angle of attack
must be incrensed to equalize 1ift throughout
the rotor disc avea. As this angle incrouse is
continued, the hlade will stall at somo high for-
ward speed (C, fig. 2.19).

b. The anglo of attack distribution along the
blade in forward fight is not uniform; some
point along the blade will stall before the rest,
This is principally a vesult of the amount and
direction of the flow of air being encounterad
by the rotor dise, In normal powered flight,
the flow of air is down through the rotor sys.
tem. As this downward flow increases, tho
angles of attack increase at the blade tips, in
comparison to the angles af blade roots, At
high forward speeds, downflow inereases ag tho
votor is tilted into the wind to provido thrust
in overcoming drag. The angle of attack in.
creases on the retroating blade ns forward
spoed increases, and the highest blade angles of
attack are at the tips, Thus, in the powored
helicopter, blade stall occurs at the tip of the
robxeating blade, sproading fnboard as specd
incveases. The advancing blade, having rela-
tively uniform low angles of attack, s not sub-
Jeotto biade stall,

o The stall condition deseribed in b above is
much more conimon in some helieopter config-
urations than in others. Rebreating blado stall

212

lly fess common Lo the observy
licopter wsed i Lraining than to
weico-Lype helicopler,

s gene
type hel
heavi

Note, Retreating blade stall dos nol oceur in n
autorotations.

2.30. Effects of Rotreating Biade Stall
. Upon enbuy into blado stall, the first o
is generally s noticeable vibration of th
copter, This poviod is followed by a liftin
pitehup of the nose and u rolling tendene
the helicopter. It the cyelie stick is hold
ward and eolloctive piteh is not reduced ¢
increased, this condition becomes npgrnve
the vibration reatly increnses, aind control

0. By being familie with the coudit
which lead to blade stall, te wvintor sh
when De s flying wnder sueh cive
i should take eorvective aetion.,
major warnings of appronching  vetrea
blade stall conditions wre—

(1) Abnormal vibration,

(2) Piteh-up of the noso.

(8) Tendency for the halicoptor to ol
the divection of the stalled side,

o When operating at high forward spe
the following conditions are most likely to |
duce blade stall:

(1) High Dlade londing  (high g
weight),

(2) Low rotor rpm.

(8) Higch density altitude,
(4) Steep o abrapt turns.
(B) Turbulont wir,

2.31. Corractive Actions in
Blado Stall

@ When flight conditions ave such that bl
stall i likely, extveme cantion should bo ox
cised when maneuvoring, Aw abrupt maneus
such as a steep turn or pullup muy result
dungerously severe blade stall, Aviator cont
and structural limitations of the helicop!
would be threatened,

b. At the onset of blade stall, the avial
should tako the following corrective nctions:

Retroating

A00 8!
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N
LIFT W

Q

BACKWARD FLIGHT

Figuro 216.  Lift perpendicular to tip-path plane.

Resun | Ut

Figure 2.17. Vertiond ascent or hover.

(1) Reduce collective pitch.
(2) Increase rotor rpm.

(8) Reduce forward airspecd.
(4) Descend to lower altitnde,
(5) Minimize mancuvering.

132, Settling With Power

a. Cause. An aviator may experience set-
ling with power accidentally. Conditions
ikely to cause “settling” are typified by a heli-
opter in a vertical or nearly vertical descent
‘with power) of at least 800 feet per minute
nd with a relatively low airspeed. Actual

160 #110A.

e

Pigure 2,18, Forward filght,

| eritical rate depends on load, rotor rpm, den-

| sity altifude, and other factors. The rotor sys-
tem must be using some of the available engine
power (from 20 to 100 percent) and the hori-
zontal velocity must not exceed 10 knots. Un-
der such conditions, the helicopter descends in
turbulent air that has just been accelerated
downward by the rotor. Reaction of this air
on rotor blades at high angles of attack stalls
the blades at the hub (center), and the stall
progresses outward along the blade as the rate
of descent increases.
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NO LIFT AREA

BLADE ROOT AREA

THE LIFTOF THiS
s mseawiry
HIGH ANGLES OF ATTACK

NO LIFT AREAS

A
MUST EQUAL

THE LIFTOF THIS
LARGE AREA

WiTH REVERSE FLOW AREA
LOW ANGLES OF ATTACK

TIP STALL CAUSES VIBRATION /
BUFFETING AT CRITICAL. AIRSPE|

2

IF BLADE DESCENDS
ISING GREATER

ANGLES OF ATTACK,

STALL SPREADS TNB0ARD|

CORRECTION FOR STALL:
REDUCE COLLECTIVE PI)
NEUTRALIZE CYCLIC
SLOW AIRSPEED
INCREASE RPM

HELICOPTER PITCHES UP
AND ROLLS LEFT

C.LIFT PATTERN AT CRITICAL AIRSPEED aavnGo?,
Figuro 2,19, Retreating blado atall,
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Note. Rates of descent in “settling” have beon re-
corded in excess of 2,200 fect por minute. The condition
can be hazardous if inadvertently pevformed near the

overy. Tendency to stop the descent
by application of additional collective pitch ve-
sults in increasing the stall and increasing the
rate o ent. Recovery from settling with
power can he accomplished by increasing for-
ward speed and/or partially lowering the col-
lective pitch.

2.33. Resonance

A helicopter is subject to sympathetic and
ground resonance.

«. Sympathotic Resonance. Sympathetic res-
onance is a harmonic beat between the main
and tail roor systems or other companents or
assemblies which might damage the helicopter.
This type of resonance has been engineered out

Thus, the beat of ove component (assembly)
cannot, under normal conditions, harmonize
with the beat of another component (asserm-

bly), and sympathetic vesonance is not of fm-
mediate concern to the aviator, However, when
resonance ranges are not designed out, the
helicopter tachometer is appropriately marked
e resonance range must be avoided (see

the applicable operator’s manual).
b. Ground Resonance. Ground resonance
may develop when a series of shocks cause the
tor system to become unbalanced. This con-
dition, if allowed to progress, can be extremely
dangerous and usually results in structural fail-
ure. Ground resonance is most common to
three-bladed helicopters using landing wheels.
The rotor blades in a three-bladed helicopter
are equally spaced (120°) but are cnnshumd
to allow some hovizontal drag. Ground reso-
nance oceurs when the helicopter makes contact
with the ground during landing or takeoff.
When one wheel of the helicopter strikes the
ground ahead of the other (s), a shock is trans-
mitted through the fuselage to tho rotor, An-
other shoek is transmitted when the next wheel
hits, The fivst shock from ground contact (A,
fig. 2.20) causes the blades straddling the con-
tact peint to jolt out of angular balance, If

Ao #710A
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repeated by the next contact (B, fig. 2.20), a
resonance is established which sets up a self-
energizing oscillation of the fuselage. Unless
immediate corrective action is taken, the oscil-
lntion severity increases rapidly and the heli-
copter disintegrates.
c. Corrective Action for Ground Resonance.

(1) I£ rotor xpm is in the normal range,
tale off o a hover. A change of rotor
rpm may also aid in breaking the
oscillation,

(2) If rotor rpm is below the normal
vange, reduce power. Use of the rotor
brake may also aid in breaking the
oscillation.

2.34. Woight and Balance

The permissible center of gravity (C.G.)
travel is very limited in many helicopters, and
the weight of aviator, gasoline, passenge
cargo, chc,, must bo carefully disiributed to
provent the helicopter from fiying with a dan-
govous nose-low, nose-high, or lateral (side-
low) attitude, If auch attitudes oxceed the
limits of cyclic control, the rotor will be forced
tofollow the tilt of the fuselage.

a. The helicopter will fly at a speed and di-
rection pxcpoltlm\ntz to the tilt of the rotor

system. The amount of cyclic control the avia-
tor can apply to level the votor system could be
limited by the manner in which the helicopter
is londed. If & helicopter is loaded “out of C.G.
limits” (fig. 2.21), the aviator may find that
when he applies corroctive cyclic control as far
as it will go, the helicopter attitude will remain
low on the heavy snd or side. He will not b
able to level the helicopter, or perhaps raie the
nose in order to decelerate and land, Under
such circumstances, he is in an extremely dan-
gerous predicament,

b. Bfforts have been made, in newer heli
copter designs, to place the loading compart-
ment divectly under the main rotor drive shaft
to minimize CG, travel; however, the aviator
must still balance his load so as to remain
within C.G. travel limits. He must know the
C.G. travel iimits of his particular helicopter
and must exercise grent cave in loading, as pre-
seribed in the operator’s manual for the par
ticular helicopter.
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Yeay

WHEEL HITS GROUND THEN OTHER

WHEEL HITS

Figuro 2.20. Ground shook causing blade unbalancs,

SHEY o NoRAL ca

Pigure 2.1 Becassivs loading foruard of the senter of gravity,

Section 1. AERODYNAMICS OF AUTOROTATION
2.35. General

Autorotation is & means of safely landing o
helicopter after engine failure o certain other

216

emergencles. A helicopter transmission is de.
signed to allow the main rotor to votate treely
in its original direction when the engine stops.

460 87104



2.36. Autorotation

a. Rotor Blade Driving Region, The portion
of a rotor blade between approximately 25 to
70 percent radius (fig. 2.22) is known as the
autorotative or driving region. This region
operates at a comparatively high angle of at-
tack (fig. 2.22, blade element A), which results
in a slight but important forward inclination
of aerodynamic force. This inclination supplies
thrust slightly ahead of the rotating axis and
tends to speed up this portion of the blade.

b. Driven Region. The avea of a rotor blade
outboard of the 70 percent radius is known a
the propeller or driven region. Analysis of
blade clement B in figure 2.22 shows that the
aerodynamie force inclines slightly behind the
rotating axis. This results in a small drag
force which tends to slow the tip portion of the
blade.

c. Stall Region. The blade area inboard of
25 percent radius is known as the stall vegion,
since it operates above its maximum angle of
attack (stall angle). This region contributes

AUTOROTATIVE
FORCE
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littie lift but considerable drag, which tends to
slow the blade.

RPM. Rotor rpm stabilizes or
achieves cquilibrium when autorotative
(thrust) force and unuaulmmuvc {drag)
force are equal. rotor ypm has been in-
creased by entering an updraft, & gcneml les-
sening in angle of attack will follow slong the
entire blade. This causes move acvodynamic
foree vectors to incline slightly backwar
which results in an overall decrease in autoro-
tative thrust, with the rotor tending to slow
down, If rotor rpm has been decreased by
entering a downdraft, autorotative forces will
tend to accelerate the rotor back to its equilib-
vium rpm.

2.37. Forward Flight Autorotations

In forward flight autorotation, the aerody-
namic regions (described in par. 2.86) dis-
place across the dise (fig. 2.28), and the aero-
dynamic force perpendicular to the axis of ¢
tation changes sign (plus or minus) at each

PROPELLER REGION
AUTOROTATIVE REGION

| STALL REGION
ANTI-AUTORQTATIVE
«—FORCE
42‘; >
>
1 1 RATE OF
I ENT
(A1) RATE Via
- Dscet p—
1Sy, FeSUaRT
i AXIS OF ROTATION
BLADE ELEMENT A BLADE ELEMENT B

{IN DRIVING OR AUTOROTATIVE AREA)

(IN DRIVEN OR PROPELLER AREA)

Figure .98, Blude forces,

60 81108
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180° of rotation; i.e. the given blade clement
supplies an autorotative force (thrust) in the
retreating position (blade element C, fig. 2.23
and an antiautorotative force (drag) in the
advancing position (blade element C1, fig.
223). Assuming a constant collective piteh
setting, an overall greater angle of attack of
the 1otor dise (as in 2 flare, par. 2.38) in-
creases votor 1pm; a lessening in overall nngle
of attack decveases rotor rpm,

2.38. Flares During Autorotation
Forward speed during autorotative descent
permits an aviator to incline the rotor disc

REVERSED FLOW REGION
AUTOROTATIVE FORCE

rearward, thus causing a flo
additional induced 1ift mome
ward speed as well s descont. The gregg
volurne of air acting o the rator disc will no
mally inerease i (somowhiat) during g
flare. - As the forward and descent speed neay
2er0, the upward flow of ai cally cense
and rotor rpi again decroasos; the helicopte
setles at an i ed vate and with veduce
forward speed. The fiave, usually performe
0 to 50 feol ahove the grownd, onables ty
aviator o ke an omergency landing wi
little or no landing roll,

v 6.16), 7y
¥ cheeks fo

PROPELLER
REGION

AUTOROTATIVE
REGION

DIRECTION ANTH-AITORO-
OF FLIGHT TATIVE FORCE
a
STALL
RS REGION a Eonymm
e DESCENT
V1A <—=————AXIS OF ROTATION ——
3 2
SR (NOT INCLINED FOR REASONS OF CLARITY) 6y
& Uiy
nvntos
Pigure 223, Displacement of blade forecs.
218 AGO BTT0A
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CHAPTER 3
PRESOLO HELICOPTER FLIGHT TRAINING

3.1. General

The presolo phase of training is the most
impartant portion of the overall training of a
helicopter aviator. 1t has been, and continues
to be, an area of constant research in the Army
training effort. In this introductory flying
phase of domonstration and practice, the stu-
dent is taling the fivst step in & long training
program aimed toward developing him fnto an
operational aviator. Training programs must
not be designed to rush through the low cost,
highly formative, presolo portion of training.
An early solo is often academically and eco-

mically unsound. This becomes apparent in
later stages of training when the student must
relearn the fundamentals of flight in larger and
more costly aireraft.

3.2, Presolo Flight Training Sequence Chart

Tigure 8.1 is a complete presolo training,
chart, with suggested exercises listed in an
hourly sequence. This sequence of introduction
will develop a firm foundation of basic airman-
ship upon which later stages of training can bo
built. This chart may also serve as a study
guide for those who contemplate helicopter
fight training, or for potential helicopter flight
instructors.

3.3, Broakdown of Figure 3.1

The chart items in figure 8.1 arc grouped
into six sections which lead up to the solo: the
first two sections requive explanation; the last
four soctions deal with mancuvers which are
explained in chapters 4 and 5.

. The first section includes—

(1) Preflight inspection. The instructor
pilot explains cach part and membly
listed on the inspection guic
insures, by daily practical sxerciae

Ac0 #110A

and oral examination, that the student
becomes familiar with all components,
systems, and accessories, and with the
proper checks for the airworthiness
of cach item.

(2) Cockpit procedure. The instructor
pilot supervises the student in the
proper sequence of cockpit proce-
dures, engine starting, and systems.
checks, increasing responsibilities
cach day until the student can per-
form all checks in their proper se-
quence.

(8) Introduction to controls. The instruc-
tor pilot fully describes all controls,
giving the use and effect

(4) Antitorque pedals. The instructor
pilot has the student hold the nose of
the helicopter on a distant object with
pedals, while the instructor pilat
moves the helicopter sideward and
rearward, changes torque by
‘momentary throttle and pitch actions.

(5) Basic flight attitudes for hover, ac-
celeration, and deceleration. The in-
structor pilot places grease pencil
marks on the bubble or windshield in
& manner that will facilitate and
clarify a demonstration of these basic
attitudes and their effect.

(6) Collective piteh and throttle. The
student uses collective piteh and ped-
als; the instructor pilot s on cyelic
and is assisting with throttle control.

. The second section includes—
(1) Basic flight attitudes. The instructor
pilot assists with the stationary hover.
The student rotates, on command, to
the normal acceleration attitude. Upon

Xl
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acceleration to 5 to 10 knots, the stu-
dent rotates to a hovering attitude.
(He attempts to hold steady attitude,
good track, and good heading control
on a distant reference point, with
emphasis on attitude, heading, and
altitude of 8 to § feet.) On command,
the student rotates to a normal decel-
eration aftitude (usually level) and
holds until the helicopter stops.
ote. This oxevciso I repeated wntil tho
student can perform the entire exerciso with
vensonablo aecuracy.
(2) Normal takeoff control of attitude and
lieading t0 50 feet. The same exercise
a8 in (1) above is practiced except the
helicopter is allowed to reach 18 or 20
knots and effective translational lift
for a normal climb,
Establiskment of slow cruise attitude
0 feat, The student rotates atti-
tude to a slow oruise attitude on com-
mand from the inséructor pilot and
establishes slow cruise power for a
steady-state aivspeed at approximately
50 feet.
Normal approach control of attitude
and heading from 50 feet. The in-

El

=

0o s10a
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shucknr it seocts an approach
int in a nearby open aren. When
Thestuent venchs o narmal Approach
sight picture, he holds slow cruise at-
titude and with collective pitch sets
up a liue of descent toward the select-
ed s When the rate of closure or
maund:lleed appears to be noticeably
increuing, the student yolates att-
tude to the normal deceleration atti-
tude, using coflective pitch to main-
tain descent toward the selected spot.
The instructor pilot assisis with rpm
control and
. This exerelse must bo sopaated un-
til the student holds steady sttitudes and
good heading (slip control), and hos no diffi-
culty with attitnde and power contral doving.
changes from accoleration to climb, to slow
erulsd, Lo descent,

Note, In figure 8.1 the stationary hover,
hovering exerelues, and takeoff and landing
from . hovar nre introduced and practiced
atter the firat fonr seetions of the chart are
accomplished. By this i, tho student or-
mally is aklo to perforin the statlonzy hover
without diffieulty.

¢. Sections 8 through 6 contain maneuvers
which ave desoribed in chapters 4 and 5,
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CHAPTER 4
GENERAL HELICOPTER FLIGHT TECHNIQUES

Section |.

4.1. Genoral

. Mission accomplishment requires so much
of the helicopter aviator’s attention that the
actual flying of the machine must be automatic.
An aviator who is totally absorbed by the oper-
ation of his helicopter is a machine operator
and, at this point in his development, is only &
potential operational aviator. The operational
avistor must use methods and cross-checks that
permit him to devote most of his attention to
the mission being accomplished, while flying his
helicopter with precision.

b. In learning to fly a helicopter, the greatest
portion of the student’s effort must be devoted
to increasing his knowledge and understanding
of aviation lnow-how. The trained aviator
looks ahead to the overall mission, the routo
segment, the maneuver, and the task or “job”
unit within the maneuver, He must be mentally
and physically coordinated so that he performs
all operational job units required to fiy the heli-
copter, without noticeable effort or distraction
to the overall mission. The 1 ox 2 hours per day
that the student spends in the helicopter should
be channeled toward testing, proving, investi-
gating, and applying his aviation know-how,
Only & small portion of his effort will be de-
voted to the actual physical moving of controls,
switches, and levers. The required physical co-
ordination of control movement should came as
abyproduct of the expansion and application of
knowledge. Control movements which are diffi-
cult for the student to perform should be prac-
ticed in an exercise form until the student’s
response becomes automatic,

A0 57108

INTRODUCTION

42. Attitude Flying

4. All aviator training requirements outlined
in this chapter follow the principles of attitude
fying (par. 4.15). In accordance with th
concept, all aviator performance is based upon
knowledge, planning, projection, and predic-
tion—with control action, feel, touch, and coor-
dination being items of cross-check. Subjoct
matier for the student pilot being trained ac:
cording to these principles is listed below, in
order of importance. Ii is necessary that em-
phasis be given to the subject areas in this
order:

(1) Knowledge of acrodynamics, physics,
and mechanics of fiight.

) Specific knowledge of the systems,
components, controls, and structures
of the helicopter being used.

(8) Knowledge of the methods and rules
of attitude flying, which are similar to
the rules of attitude instrument flying
in TM 1-

(4) Specific knowledge of the breakdown

of attitudes and cross-checks for cach

maneuver; and development in divid-

ing attention and cross-checking out-

ward from d specific center of atton-
tion for each segment of a maneuver.

Development. of smooth and coordi-

nated physical application of eontrols:

the ability to hold specific attitudes
and power settings or to change atti-
tudes and power (in accordance with

(8) and (4) above).

5. The physical application of the controls
(a(5) above) is considered to be loss important
than the other four subject areas. Professional

[¢
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aviators become so proficient in these subject
areas that they appear to fly the helicopter with
Jittle movement of the controls. Their skill is

ractice phases of training. This
application becomes habitual, then automatic.

c. All maneuvers described in this chapter
are prosented as flight training exercises, Bach
flight exercise is designed to evoke thought
processes, to expand knowledge, and to develop
the ability to divide attention and cross-check
in a manner that promotes correct physical re.
sponse on the controls.

Section Il. GROUND OPERATIONS AND HOVERING

43. Preflight Inspection

Once the helicopter aviator has the assigned
‘helicopter number and the mission assignment,
he becomes the aviator in command and is
ready to hegin his preflight inspection. Before
e leaves for the flight line, he checks all avail-
able sonrces for possible information on the
‘mission to be flown. Then he checks any avail-
able summaties as to organizational or aviator
reports on the helicopter's suitability for the
intended mission. He next files a flight plan, or
assures that one has been filed, and departs for
‘the helicopter.

a. Actaal prefiight inspections are nothing
more than a detailed comparison of the as-
signed helicapter to the aviator’s mental image
or idea of a standard helicopter (in type and
model), and to the different types of helicopters
he has inspected in the past. Aviator proficiency
in preflight inspection is gained by a slow accu-
mulation of daily comparison experience, The
‘more experience the aviator has, the more pre-
cise is his image of the standard ‘helicopter,
Check of the helicopter forms and records pi
vides additional information for this compari-
son. A published preflight inspection guide for
each helicopter provides the sequence of i
spection to be followed,

b. Key points for an avistor's preflight in.
spection proficiency include—

(1) A knowledge of helicopter component
design and maintenance Dpractices,
(2) A fam and detailed mental image of
the “zero time" appearance of the
alicopter to be flown.
ce to the published preflight
n guide, which provides a se-
- 2 inspection to be followed,

(4) Development of genuine interest and
cariosity in helicopter design and
maintenance problems,

¢ A good preflight inspection requires ap.
proximately 10 minutes on small holicopters
and up to 20 minutes on largor configurations,
Proflight inspection time, when totaled on a
monthly basis, constitutes a heavy time allot-
ment. For example, 40 preflight inspections por
month at 20 minutes each oqual 800 minutes or
181 hours. This time should involve a continu-
ing study of helicopter design and maintenance
problems. The professional aviator should keen
Totes on his findings and make.careful and ol
Jeetive written reports. He should folloy
through with aviator reports and participatior
in maintenance and design discussions or con
ferences. Froquent research of maintenanc
and operator’s manuals will also be an asset,

d. School training in preflight inspection pro
vides only the methods of inspections; compari
son experionce is accumulated by the aviator on
the flight line,

¢ In addition to the detailed comparison dis-
cussed in  above, the aviator must—.

(1) Check special equipment and supplies

m,

required for the missios

(2) Check the loading of the helicopter,
with special emphasis on proper
weight, balance, and security.

(8) Perform tho progressive sequence of
checks and operations in accordance
with the published cockpit and start-
ing procedures,

(4) Perform Dpretakeoff check, tune
radios, and obtain necessary clear-
ances.

A0 sr10A



(5) Check operation of controls and cen-
ter-of-gravity hang of the fuselage at
“gear light” or “skid light” power
seiting prior to breaking ground.
(“Gear light” or “skid light” power
setting is that power setting at which
some of the weight of the helicopter is
being supported by the rotor system.)

Note, If these checks verify that the hl
copter favorably compures with the aviator's
image of the ideal helicopter, the prefight
inspection is comploted and the aviator s
free to take off to a hover.

4.4, Taxiing

«. General. Helicopters equipped with wheels
and brakes have excellent taxi control chavac-
teistics. Those cquipped with skids can be
taxied for a few feet, but generally this type
helicopter is hovered from place to place. When
taxiing, the aviator must maintain adequate
cleavance of main votor(s) in relation to ob-
structions and other eircraft, He must—

(1) Insure that clearance s sufficient for
the area sweep of the tail rotor and
pylon during a pivotal turn.

(2) Properly use cyclic and collective
pitch, for control of speed to not move
than approximately 5 miles per hour
(speed of & brisk walk).

(8) Recognize conditions which produce

round resonance, and know the re-
covery procedures for ground reso-
nance.

@) BL- familiar with the standard mar]

g for taxiways and parking aveas.

5) Bc familiar with the light and hand
signals used by tower and ground con-
trol personnel,

b. Procedure for Taiing. To taxi a wheel
and brake-cquipped helicopter—

@ sm mtor rpm in normal operating

(@) Tut rutor tip-path plane slightly for-

3) Incx-unse collective pitch and manifold
to obtain & moving speed of

not more than that of a brisk walk,
(4) Use antitorque pedals for directional
control, If helicopter has a tail wheel,

G0 s110A
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it should be unlocked for turning a1
locked for long straight-ahead taxiin
(Also see local regulations for furth

guidance.)

Note. Brakes should not be used for dir
omal control, However, It is gonoral yry
tico Lo apply “inside” brake for spot parki

nd pivoal n contro.
o. Procedure for Slowing or Stopping. F
slowing or stopping the helicopter wh
taxiing—
(1) Level the rotor and lower pitch.
(2) As the helicopter slows, touch bo
brakes to stop at the desired spot.
(8) For an alternate method to slow
stop, tilt the rotor slightly rearwa:
The addition of collective pitch ai
power should then cause the helice
ter to slow and finally stop.
Note. For brake failure and omerger
stop, perform a takeoll to hover.

4.5. Takeoff To Hover and Landing From
Hover

. General. Tn all helicopters, the taleoft
and landing from a hover is primarily an app
cation of physics and acrodynamics. Therefo
development of aviator skill is dependent on 1
knowledge of the physics and acrodynamics 1
volved. The smooth and apparently continuo
transition from a parking position up to
stabilized hover is not a single operation, Tt
trmsition containg many separate clements
key points, each of which is more of an appli
thinking process than a physical siill,

v. Takeoff-To-Hover Hercise. Tho eomplc
mancuyer must contain all points in this ox¢
clse. The finished mancuver will be a amoo
blend of all items listed below.

(1) Visually clear the avea, Check for ¢
jects, conditions, or people that cov
be affected or disturbed by a hoveri
helicopter.

(2) Determine wind direction and vel¢
ity, Mentally reviow and predict t
possible effect of this wind upon ¢
helicopter at lift-off,

8) Tume radies, mako adviory calls, 4
ust volume. For training, all rad}
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should be on and tuned to local facil-
ities.

(4) Adjust the friction on the collective

piteh and throttle. Use cnough fric-
tion to hold these controls, so that the
left hand can be momentanily free to
operate carburetor heat, lights, and
vadios in fight.
Make final pretaloff check. This
check includes prossures, tempera-
tures, cloctrical systems, final arca
check, and operating rpm.

Note, this point until the final os-
tablishment of n stabilizad over, compare
the_performance, control ac

the rosponse or porformance
differs greatly at any point, redice powor.

(6) Increase manifold pressure slowly to

c

3

gear light conditien or until the rotor
is supporting some of the helicopter
weight.  For reciprocating engines,

mark, or with throttle if rpm is low.
Center attention on rpm, with cross-
check to manifold pressure. Decide
Whether the next 3 inch of manifold
pressure should be made with pitch or
throttle to keep rom on the exact
‘mark,

Note, With inctonsed proficioney, tho
abavo action appenrs to bo a smoath and
continuous coardination,
Be alert for the first sign of gear light
condition, which usually is a need for
antitorque pedal repositioning. As
main rotor 1ift inereases and weight
uvon the landing gear becomos loss,
torque may turn the fuselage,
Shift center of attention to the fixed
point near the horizon with cross.
to xpm and manifold pressure,
Hold the helicopter heading on tho
fixed reference point with pedal repo.
sitioning so that an imaginary ling

(11) Tdeutity
Tung)

mal
(12) Continy

would extend rom the fixed poing he,
fween your foot o your seat. (Seq 4
g,

. .1,

(9) Be alert for the second sign of gogy
Tight condition, which is ofton a yegg
for vopositioning of the eyl
Make u positive ropositio
eyelic in a divection opposite to gng
Dreventing any hovizontal movemeny
af the holicopte

(10) Continue the inereaso of power to fig

the center of gravity (G.G.) attltude
or th conter of gravity hang of ghe
Lusclage, which is the fove and aft ag
Interal altitudo of tho fusclge just
prior to breaking gromnd  coniaey,
(Atter breaking ground contact, this

s roferred to s the hov.

attitude i rof
oring attitude.)
Nate, “Theve will bo u tondumey for cortain
portlons of the fanding gear to
eound Aest, due t the location of o eon
of gravity for each load condition, There.
fore, it power i Iney
mintnined by vopositi
all ontul

Lioning of the ey A point will be reached
where tie votor Iy almost Nupporting tho fulj
waight of the helicopter, but wiore some
portion of the luwding genr wilii is n eontact
With Uhe groun.

the CG. attitude (C.C.
check somo windshield or enn-
oDy part against the horizon, 17 the
attitude appenrs normal, 1f the con-
trols are vespouding normally, and it
tho lilicoptor fecls and sounds nor-
you are cleared to itk o a hovor,
e the pow

the helicopter will rise vortieally to a
full stabilied hover, holding its posi-
tion and heading steadily without re-
quiring noticeable change of altitude,

(18) The exareiso is comploto, Hovr briof-
L,

Iy prior to moving out,

¢, Landing From Hover [Exercige, Landing
from a hovey fs nccomplished by roversing the

exereise given in b above,
(1) Hover briofly and position the heli-

copter over tho intended landing spot.

(2) Seloot roforenco polnt noar the horl-
zon,
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(8) Use pedal control to hold a line from
the veference point between your feet
to your seat.

(4) Use cyelic to prevent any horizontal
motion. If the helicopter moves hori-
zontally in relation to your reference
point, ease back to the oviginal posi-
tion,

(5) Attompt to reduce power % inch at a
time, with pitch and/or throttle, so as
to maintain xpm on the cxact mark.
“The aim is to develop a slow, constant
downward setiling.

(6) As the downward settling slows, re-
duce another % inch of manifold pres-

3

At mitial ground contact, continue the
procedure in (5) above until
weight of the helicopter is on the land-
ing gear.
During early training or in transition
to other helicopters, it is best to use
the distant reference point as the con-
ter of attention. Cross-check inward
to rpm and manifold pressure. Cross-
check downward for positioning over
parking pancl.
More advanced aviators may conter
thei attention on the wheel, skid, or
some point in close to the helicopter.
Caution: Some helicoplers must be landed
yithout panses once the landing gear louches
‘e ground, due to the possibility of ground re-
onance.

El

1.6, Hovering

The stationary hover and the moving hover
wpear to be highly skilled, coordinated physi-
:al accomplishments when executed by a sea-
soned aviator, but as is true with all other
maneuvers, these maneuvers can be divided into
simple key point and cross-check exercises.

4.7, Stationary !dover

a. General. The stationary Ilover actually be-
gins at that moment of takuo a hover when
the rotor is supporting m: of the weight of
the helicopter. Power apphmtlen will then de-
termine the height of the hover. They key

G0 g7108.
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Doints, thought processes, and cross-checks i
volved in hovering can be mastered by use of
the exercise given in b below.

b, Stationary Hover Ezercise.

) At the moment of “lift-off,” take spe-
cial note of the exact forward horizon
picture outlined through the visual
frame of hardware parts of the cock-
pit. Use windshield frames, the top of
the radio box, instrument panel, an-
tennas, or a mark (grease pencil) on
the windshield glass to determine an
exact hovering attitude in reference to
& point on the distant hovizon. 1t is
important to use the distant hovizon,
for this reference will be used later to
program the moving hover, the nor-
mal takeoff, and the climbout.

(2) In peripheral vision, find the latoral
hang of the fuselage at “lift-off,”
using door frames or side window
frames. The lateral hang of the fuse-
lage can also be determined on the
forward horizon picture. (The aviator
will veceive an indication of a change
in the attitude of the helicopter prior
to actual movement of the helicopter.
Corrections then must be applied im-
mediately te maintain the lvel atti-
tude and position.of the helicopter.)
Accomplish all forward or rearward
horizontal control by slight adjust-
ments to the nosoup, nosedown atti-
tude as measured against some distant
point on or near the horizon, Use an
airframe part or grease pencil mari
on the distant horizon for exact atti-
‘tude control.

Control sideward motion by slightly
ralsing or lowering the lateral attitude
(an son in peipheral vision).

s to new headings often
ruyulm mnh\hmw e atitudos and con
trol conters when surface winds are not
i, The i Toer i st emain into
Uho wind and the woathervano offet on the
fuselage must be connterncted.

4,8. Characteristics of Stationary Hover
«. The stationary hovering exercise is prop-
erly accomplished when—

=

45
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(1) The hover is maintained by slight
noseup, nosedown, and lateral attitude
changes made on and around a specific
and. recognizable buse aititude.

The only cyclic control movement at
any moment is that metion necessary
to slightly change or hold the specific
hovering attitudes (in normal wind
conditions).

The changes of aititude ave made at a
vate and amount 5o s not to be notice-
able by a casual observor,/passenger.
Heading control is accomplished by
prompt pedal repositioning, which
holds and keeps an aviator's feet and
the pedals straddling an imaginary
line straight ahead to & distant refer-
ence point (building, tree, bush, et.).
Hovering height is held to the speci-
fied height published in the oporator's
mannal by use of eollective pitch.

cl

g

El

b. The stationary hovering exercise is
properly accomplished when—

(1) The helicopter attitnde is eonstantly
changing, or there is o recognizable
and obvious base affitude around
which the aviator is worling.

The noseup, nosedown, nnd latoral
changes of attitude are made at a rate
and in amounts which are noticeable
to a casual observer/passenger.

(8) Due to_overcontrolling, the hover is
accomplished by rapid and constant
cyclic jiggling, or thrashing of the
eyclic without  corresponding change
of wirframe attitudes.

‘The fuselage does not hold a constant
heading on & distant reference point.
The hovering height is vising and
jowering.

not

B

Section, lll.

4.11. General
The normal takeoff performed from a sta-
tionary hover has fixed, programed elements

46

(6) The hori muntnl puxmumng is unsteady
and chang

49. Moving Hover Exercises

The moving hover s generally less difficult
than the stationary hover and can be accom-
plished through usc of the following exercises:

«. Using the base attitudes required for the
stationary hover, lower the nose approximately
2° or 8% (In instrument flying, £%° corre-
sponds to ono bar width on the attitude indi-
cator.)

b. Hold this aititude steady until the for-
ward hovering rate has veached that of a brisk
walk

c. Return the attitude to the original sta-
tionary hovering attitude for a coasting hover.
Raise the attitude slightly to réduce speed, or
lower the attitude slightly to increase speed.
Then, when desired speed has been attained,
return to the stationary hovering attitude for a
stendy coasting rate.

d. Use lateral attitude mnt\ ‘ol for positioning
over the desired line of hov

se pedals to hold the fuselage heading
parallel to the desived line of hover.

To stop, raise the nose 2° or 3° above the
stationary hovering attitude, then yoturn to the
stationary hovering attitude as all forward mo-
tion is dissipated.

4.10. Precautions When Hovering

When hovering, watch for and avoid—

«. Parked airplanes,

b. Helicopters which have rotors turning af-
ter shutdown.

c. Dusty aveas or loose snow.

nl. Tents o loose

y area where ﬂlem is a person or object

that could bo adversely affected by a hovering
rotor downwash,

NORMAL TAKEOFF

with few variables. Once the aviator lnows
where to look and what to think, what to pro-
gram and what to cross-check, this maneuver
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\will be mastered. The normal takeoff exercise
iven below presents the exact thonght/action/
cross-check sequence requived to perform this
taneuver in most helicopters. See the applica-
Dle operator’s manual for divections to convert
this exercise to the final form required for the
specific helicopter.

4.12. Pretakeoff Considerations

Before taking offt—

4. Select the takeoff outbound track to be
used. Note the wind direction in relation to the
intended outbound track.

b, Make a hovering turn to cleay the airspace

for other trafic (unless cleared by tower or
ground crew).

¢. Seleet two or three “line-up” objects (pan-
ol bushes, trees) beyond the takeoff point, over
\which the outbound track is to be flown.

0. Make final pretakeoft cross-cheek of i
struments for systems, pressures, and tempera-
tures.

¢. Hold fusclago heading on and/ox parallel
to the farthest reference point.

4.13. Normal Takeoff Exercise

«. Note the exact hovering attitude, using
airframe/windshield parts on the horizon (or
Irojected horizon through foliage ahead).

(1) Rotate the attitude to approximately
1° lower than hovering attitude; this
will result in & slow forward motion,

(2) Rotate attitude to approximately 2°
lower than hovering attitude; this will

yesult in noticeable acceleration.

Rotale attitude to approximately 8°
lower than the hovering attitade. This
is the final attitude change which
should be held constant throughout
the horizontal yun to ffective trans:
Intional lift. Hold attitude constant
thereatter fo gain a progressive in-
erease in airspeed and altitude.

b, Experiment with this exercise and note
the different vesults whon the attitude rotation
16 Joss or greater than suggested.  (Airspeed/
Altitndo relationship at 70 to 100 feot will be
Changed.) Note effect when the entire rotation
s made at one timo rather than in two or three

inerements.  (Helicoptor will noticeably settle

g
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and more power will be requived to hold the
hovering run to effective wranslational lift.
Also experiment, solve, and verify that whe
tarting with the observed hovering attitude,
an attitude rotation of a specific number of de-
grees made at a specific rate will result in &
smooth progression from a stationavy hover
(without appreciable settling) to effective
translational lift, and on o a progressive gain
of altitude and climb airspeed.

¢. Throughout this exercise hold in cross-
check—

(1) The attitude constant with fore and
aft cyclic contral. The nose wil tend
to rise at effective translational lift
and thereafter as airspeed increases,
due to dissymmetry of lift and result-
ing blade flapping. Reposition cyclic
promptly to hold the sclected normal
takeoff uttitude throughout the ma-

neuver.
(2) Hovering height with collective pitch.
power contral until effective

translational lift is reached, then al-
Jow the additional litt to cause heli~
copter to climb.

(8) Power adjusted to the published elim1>
value after climb begins.

(4) The heading parallel to the ine of ont—
bound refevence points. Normally, the
fuselage heading will tend to yaw to
the left due to the streamlining effect
on the fuselage and increasing efficien —
cy of the tail yotor. Note that pedals
Tmust be vepositioned to hold the heacl—
ing as airspeed increases and as the
olimb progresses through various.
wind conditions.

(5) The helicopter positioning over the
intended outbound track, controlled
with lateral cyclic. Make reference
Doints pass under aviator's seat or be~
tween pedals.

(6) Tuselage alignment parallel f0 in-
tended track with pedal control and
helicopter positioning over the line_ o3
outbound track with lateral eyelic comy

.,
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takeoft, there would be little chance to
align the fuselage with the touchdown
direction ; therefore, the heading must
be aligned with divection in a slip at
all times below 50 feet. At 50 feet, ve-
pasition pedals to the “climb pedal”
position (usually this is a neutral ped-
al setting) for conversion of the slip
toa crab (par. 4.22d). Thereattor,
airspeed should increase rapidly to-
ward the published climb irspeed,

. After conversion from the slip to crab, or
when the aivspeed increases to within 5 kot
of the published ciimb airspeed—

(1) Slowly raise attitude toward the ten.
ative or known climb attitude o
maintain climb airspeed. Thi
be a tentative attitude based upon the
aviator's koiowledge of the average
dlimb attitude for this type helicopter,
Thereatler corvect, verify, and solye
for a fiem climb aititude, (This ity
probably be “low eruise” aititugo
also.)

(2) To control outbound track when
anb (above 50 feet), hod climpy

geographic
bound track)
414, Summary

o The nomal takooft s compioteq When
there s a climb aitspeed and clinyy attitude,

Section [V,

4.15. Introduction to Airwark
& The attitude of the aireragt 1 g horizon
and the power applied are th only two lements

48

climb power and normal vpm, climb padats arg )
level lateral trim, and tracking is over desiveg
outbound track,

b. The cxer

when— ]

(1) Required attitudes which result in o
smooth_accoleration and climb ary
programed and held,

(2) Climb powen is programed or checked
at eflective translational lift with rpm
in normal yy

(8) In cross-check, thore is good hending
and track control,

(4) At 60 feot, u conversion from the slip
to a cuab is programed,

(5) Climb airspeed is ronched, and the at.
titude ds votated to olimb attitude.

e. Common errors includo—

(1) Poor hovering hoight control during
the initial acceleration to translationnl
lift,

¢ is properly accomplished

e,

(2) No firm attitude around which the
aviator is working. Constantly chang-
ing attitude vesults fu poor airapeod)
altitude relationship.)

TFuselage in a crab prior to 50 foct
and/ox constantly changing,

No positive conversion from slip to
orab at 50 feet,

Poor power control (high or low man-
ifold pressure or torque sotting) dur-
ing climb,

Left or right dvift away from ot
bound track,

EE)

AIRWORK

b The modifiers of the swo basie control ele.
foents ava time of application (the titia) thasy
to apply and the longty of time each attitude
and power setting js applicd) and s rate of
change (of attitudes and power sottings).

i eeping the basic control clements and
modifiers in mind, aqq (1) cross-checl: for a
{namIng AWNIGNOSS of what, tho aiverafs i do-
128 8t the moment, (2) mounladgo and projec-
tion us 1o what the alreraft is going to do, ana
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(8) purpose and intent for exactly what the
aviator wants to do. 'The result will be attitude
fying.

4. Based upon these principles, airwork pre-
sented in this section will include discussion
and exevciscs for—

(1) Attitude control and resulting air-
speed.

(2) Power control and resulting altitude,
climb, or descent.

(8) Rpm control for steady climb, cruise,
or descending fiight, and during heavy
power changes.

(4) Heading conirol and resulting track
or turns, and antitorque control and
vesuliing lateral trim.

4.16. Attitude Control and Resulting
Airspeed

«. Airspeed is a result of attitude control. To
hold any desired aivspeed or make properly con-
trolled changes of aivspeed, the aviator must—

(1) Prior to flight, have formed a clear
mental image of basic attitudes nor-
mally expected of the helicopter he is
to fly. For example, what are the atti-
tudes (of this type helicopter) for
Tover, novmal acceleration, decelera-
tion, climb, cruise, or slow eruise?
Beginning with the fiust takeoff to a
hover, solve for the exact basic afti-
tudes of the helicopter being flown.
How do these basic attitudes compare
with the basic attitudes of the ideal
helicopter (par. 4.8) or with other
helicopters of the same type?

5. During the fivst few minutes of flight the
aviator must make the comparisons described
in @ nbove, using tentative attitudes to solve for
the actual basic attitudes prior to engaging in
further mancuvers or precision flying exercises.

S

4,17, Attitude Control Exercise

. With center of attention on the ezact atti-
tude being held for the desived flight condition,
cross-check the aivspeed indicator.

b, Predict how this attitude is going to affect
the airspeed in the next few seconds of flight.

AGO #770A
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(1) Will it hold the airspeed now indi-

cated?

(2) Will it cause a slowing of airspeed?

(8) Will it cause an increase of airspeed!

Note. Do ot concentrate on the airspeed indicator.
1tis an amount gage, showing only the amount of air-
speed at the moment. It cannot,
spced in future seconds; 0
only. Do concentrate your center of attention on atti-
tude’ (to the cxact degree on the horizon) to predict
irspeed in future seconds.

¢. Hold the attitude steady, change it mo-
‘mentanly, or rotate to a new attitude which, in
prediction, will result in the airspeed desired-
Cross-check the aivspeed indicator frequently
to assure that the attitude now being held s
affecting the airspeed as expected

d. 'The exercise is being corvectly performed
when the aviator—

(1) Rotates to an attitude that, in predic-
tion, will accelerate or decelerate to &
desired airspeed.

Cross-checks the approaching air-
speed indication desired.

(8) Rotates the attitude to a specific atti-
tude that, in prediction, will hold the
desived airspeed.

Holds the attitude constant while in
cross<check, He observes the fotal
flight condition (mission, maneuver|
other traffic, altitude, manifold pres-
sure, rpm, lateral trim, pedal setting,
‘track) ; he cross-checks the air-
speed indicator—is it low? high? or
steady?

Note. The avintor makes slight attitude

]

rected. After by
sume diveetion, he modifies s proven atti
tude slightly.

e. The exercise is completed when each stey
is performed smoothly, promptly, with preci
sion, and without noticeable distraction to f
total flight.

4.18. Power Control and Resulting Altitude,
Climb, or Descent
Altitude is a vesult of power control. T

properly change to or hold any desived altitude
the aviator must—
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@ Prior to flight, have a clear mental image
of tentative or basic power settings normally
expected for the type helicopter to be flown,
Tor example, what are the power settings (of
the average machine of this type) for hover,
climb, eruise, slow cruise, and descent? What
differences could novmally be expected for vari
0Us gross weights and density altitude combina-
tions?

b. Upon the first takeoff to  hover and thero.
after, solye for the exact basic power settings
required for precise altitude control for the hel.
icopter being flown. For good altitude control,
this study must be completed before engaging
in further maneuvers or precision flying exer-
cises on this flight,

4.19. Altitude Control Exercises

«. Altitude Control Ezerciso (Climb).

(1) With center of attention on attitude
Tor contxol of a stable climb nirspeed,
cvoss-check and maintain climb power,
(Climb power will be published or s
required Lo maintain n 500 feet por
minute rate of climb.)

tion the pedals to “climby pedals,
which usually is a neutral setting,

(8) Conduct a rumning eross-check on
b power, sinco it will be necessary
to add thiottle to prevent n natural
decrease of manifold pressure gs alti.
tude is gained and the atmosphere be-
comes loss denge.

b. Altitude Control Exercise (Cruise,).

(1) When the climb has reached to within
50 foet of the cruise altitude, rotate
the attitude to an acceloration gty
tude,

(2) When the aivspeed reaches eyuise air-
speed, rotate the attitude to a tentq.
tive or known cruise attitudo,

410

) As the altitude reaches ¢

besn . voduetion of muiolg .
Lo i Lentative or lnowy cruise
thing,

Solve for (he exiact manifold proggyyy
sellinge vequired Lo ol th dosig
e, Use 2 inchis above wnd ey
thix rondlinge For minor altitud coryog.
ons (0" 40 Foot or losy;
published ctimb or deseont poay st
ting for larggo altitude corroctions,
Nute, I ot e
e it i era

Ul o the alfy.

s eck only. Pho altp,.
oL s only wn amonnt. g, showing g
o 0 bt w4 e moment, 1¢ cqyugy
e sl Lo et altitulo in Suturo oo,
o e exnet wanifold ressro sutings (1

i
(e exuet wnek) foe yredieting
Hone nltitudo trends in- futur
i stnble adlitudo/a vy

Note. Une ths Collowing erossehock ryte
for altitude can 1¢ the altiy-
AT ol Gl dosived sk, thon g
manifold i e plus (1) or

)2 inehe

i ( o g value re-
auired to hold the altitude. 1€ o high
or low ali - san

I ot saen and cor.
“tion tnitiuted within 10 seeonds, tho avia.

0 b oo erom-chect,

o Allitude Control Fereise (Stow Crudsq),

(1) Rotate the attitudo to o tontative or
Tnown slow eruiso attitude.

B

) Lowor the nunifold pressuro to g ten.
tative r nown slow eruise power
setling (usually 2 to 3 inchos below
cruise manifoid prossure sotting).

Note. Goordimts antitorquo podals with
the wer yeduction in the wmount roqulred
{0 BTVt yawe durlae tho power ehnge.
(Check axact pdal sotting voquived for slow
cruio by voforeing to interal trim or o cone
tarod bull)

8) Solve for the exnet manifold pressure

setting required to hold the desived
tude. Uso 2 inches above or below
this reading for minoy altitude correc-
tions,

Ado st1on



d. Altitude Control Exercise (Descent).

(1) With eruise or slow cruise attitude/
airspeed, reduce power to the mani-
fold pressure needed to establish a 500
feet per minute descent or to the pub-
lished descent manifold pressure,
Coordinate pedals to prevent yaw dur-
ing power change.

Center attention on attitude, with
cross-check to manifold prossue and/
or 500 feet per minute des

%E

. Deceleration Exercise. Alllm\lgh this ex-
veise is used primarily for coordin
ice, deccleration can bo used to effect a rapid
eceleration in the air. The maneuver requires

high degree of coordination of all controls,
nd is practiced at an altitude of approximately
feet. The purpose of the maneuver is to
anintain a constant altitude, heading, and rpm
vhile slowing the helicopter to a desired
roundspeed. To accomplish the maneuver—

(1) Decrease collective nitch while coordi-
nating the throttle to hold rpm, and
apply aft cyclic control, flaring the
helicopter smoothly to maintain a con-
stant altitude,

At the same time, continuously apply
antiforque pedals as necessary to hold
a constant heading. (The attitude of
the helicopter becomes increasingly
nose-high (flared) until the desired
groundspeed is reached.)
After speed has been reduced the de-
sived mnaum return the helicopter to
a normal cruise by lowering the nose
with cyclic eonbrol to aceelerate for-
ward while adding collective pitch and
throttle fo maintain atitude.
(4) Use pedal to hold the desired heading.
f. Completion of Ewercises. These altitude
ontrol exercises are completed when all items
we performed smoothly, prompily, and with
srecision. The objective is accomplished when
sach exorcise is performed without noticenble
listraction to the total flight; i.c., mission, ma-

@)

121, Rpm Control Erorcises
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neuver, systems, fuel management, other trafic,
and navigation.

4.20. Rpm Control
a. I[ehcupmr power controls are designed to
g three functions into the

(1) A twist-grip throttle serves as the
handle for the collective pitch stick.
Gripping the throttle and bending the
wrist outward will add throttle; bend-
ing the wrist inward will decrease
throttle.

Raising and lowering the collective
pitch stick will increaso or decrease
the pitch or angle of incidence of the
main rotor blades.

(8) A throttlo correlation unit s added to
the collective pitch linkage. Once this
devics i et by thethrolefor the do-
sired engine rpim, it will automatieally
20 moke thiatle 1 the collecive
piteh is vaised and reduce throtle as
the collective pitch is lowered. Thus,
in theory, this unit will maintain con-
stant rpm as the main rotor loads
change. However, being of simple cam
design, this correlation device usually
works properly only in a narrow
vange, Increasing collective pitel
above or below this range usually re-
sulis in undesivable rpm changes,
which must be corrected.

b To lean rpm contral requires study, prac-
tice, and experimentation by the aviator. He
must develop a visual eross-cheek of the rpm
instrument. He must, at times, use the sound
of the engine or the whine of the transmission
to recognize rpm variations, Some throftles re-
quire a slight bending of the wrist outward or
inward as the collective piteh is aised or low-
ered for rpm to be exactly maintained through-
out the full power range from maximum allow-
able power (pitch up) to collective pltch %1
down in needles-joined autorotation.

E

RPM control exercises, when accomplished step by step and uni
natic, will give the aviator an apparent effortless control of rpm.
nto three distinet flight groups that requive study and practice, as fo

100 s1m0a
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«. Rpm control and corvection during steady state climb, eruise, and descent:

(1) 1f spm is high:
() Note manifold pressure reading.
(1) Squeeze off 1 to 1 inch of manifold

pressure with the throttle,
te) Inerease collective piteh % to 1 inch
of manifold pressure (returning to
original reading in step (1) above).
(4) Cross-check other traffic, attitude,
altitude, and track. After approxi-
mately 3 seconds, cross-check ypm
e for completed correction. If
il high, repeat the exercise,

b Rpm control and correction during heayy
() Ry control while reducing collective
piteh:

(@) Reduce manifold pressure with
collective pitch while cross-checking
P gage.

(8) If rpm s slightly high, make the
mext inch manifold pressure reduc-
tion with throttle,

() Reduce manifold pressure steadily
with piteh and/or throttle in 1-inch
Inerements so as to maintain the de.

sired rpm,
Note. Keep the manifold pressure
necdle woving in pevipheral vision ang

UM g in constant cross-check.

(4) Upon reaching the desived manifolq
pressure for steady state descent,
make further corretions to rpm g5
in a above,

O 15 rpm s highs

(1) Cross-check 1pm frequentry,

(b) Note manifold pressure reading,

(€ At & hover, squeeze of 1 iney of
manifold pressure with throttl gng
\e collective piteh to maintain the
desired hovering hejghy,

() Ion Joprouch, squeeze of  ingh (o,

(€) Cros-check rpm, g gy pon
veat exereise, i xe

manifold pressure clianges

(2) 1 rm is low:
(a) Note manifold pressure vending
(b) Squeeze on 1 to 1 inch of muiy

pressure with the throttle,

(e) Reduce collective piteh 1 Lo 1 1,
of manifold pressure (roburuing g,
oviginal reading in sten (1) abo,

(4) Cross-check other traflic, nthit;
altitude, and track. After approg
mately 8 seconds, cross-check
for completed  correction, 1 )
low, repeat the exercise,

(2) Bom control while increasing coll
ive piteh:

(a) Increase manifold prossure iy
collective pitch while cross-checking
rpm gage.

@) If xpm s slightly low, muke fe
vext inch manifold pressure i
crease with throttle,

(€) Tnerease munifold pressure stoadiy
with pitch and/or throttlo in 1-ing
increments so as to maintain the o
sived rpm.

Note. Kea the muniold pressun
needle moving i poripheral vision mi
I gage in constant cross-chocks,

(@) Upon reaching the desired manifol
pressure for stoady state  clim,
make further corvactions to ypm as
in @ above,

o aqrat control and corveston duving hovering oy approaches on prodetermined line of figit
020°) :

(2) If rpmds lonp:

() Cross-checle xpm requently.

() Note manifold pressuro roading,

(e) At a hover, Squeeze on 1 inch of
manifold pressure with throttto und
use collective piteh to maintuin the
desived hovering hoight,

(@ On appronch, squeaze on 14 ineh (or
less) of manifolq Dressure with
throltle and use colloctive pitel 1o
control line of descent,

(¢) Cross-check Tem. If still low, ye-

Peat exercige,

460 87708



#22. Antitorque Pedals
<. General. The primary purpose of the an-
Jtoraue pedals is to counteract torque (pars.

,16 and 2.17). However, the antitorgue system
psually is designed to have surplus thrust, far
peyond that required to countevact torque. This

aAdlitional thrust, dosigned into the tail rotor
£ystem, is used to provide positive and nogative
hrast for taxi divection control and to counter-
the weathervane offect of the fuselage in
Zrosswind operations. In certain helicapter con-
pEUrations, care must be exercised in using the
hrust power of the antitorque system, since
amage to the tail pylon area can resull from
overstress during fastrate hovering pedal
purns and during taxi conditions over rough
s ound, (Some tail otor designs may demand
up to 20 percent of the total engine output.
This power should be used with caution.)

b. Areas of Consideration. Antitorque ped-
als_axve the most misused of the helicopter con-
4rols. There ave three scparate modes of con-
1ol for correct pedal use, and each of theso
mmodes must be analyzed and treated separately
by the aviator.

(@ The first group ucludes normal heli
capter operations below 50 feet, dur-
ing which the Tuselage 15 aligned with
a distant point. This group includes
taking off to and landing from a
hover, the stationary hover, the mov-
ing hover, the takeoff and climb slip
control, and the approach slip contral,
The second group includes coordi-
nated flight and all operations above
50 foet which require pedal use to
align and hold the fuselage into the
velative wind,

(8) The third group includes proper pedal
use in turns. Coordinated turns (at

B

relative wind as the bank is initiated,
established, and maintained,
. Heuding and Track Control for Operations
Beroww 50 Fot,
(1) Taking off to and landing from a
hover vequire that pedals be reposi-
tioned to hold and maintain the nose

“Awo s7n
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alignment with a distant reference
oint. The aviator uses an imaginary
line to a distant object and applies
pedal to position and maintain the line
from his seat through the cyclic and
the gap between his pedals (A, fig.
4.1). Aviators in either seat uso the
same distant reference point with no
appreciable evror. Figure B, 4.1 shows
the fuselage A\hznmem to hovering or
takeoft direct’

(2) During the moving hover and the ini-
tal climb {0 50 fec, pedsls contzol
heading as in figure 4.1, and cyelic

contra s so8 o diveiion and Inter-

al positioning over the itended track

as in figure 42, Using peripheral

vision (and cross-check), the helicop-

ter should be positioned with lateral

cyclic so the imagiuary line is seen

vunning through position 1 (fig. 4.2)

auring taxi or ran-on landings, and

position 2 for hovering and climb

through 20 fect. The line should be

sean between pedals as shown at posi-

tion 8 for all altitudes over 20 foet,

with all track reference points lined

up and passing boveen pedal in pas-
sege over each poi

inning |Lmlunu vvmy use tho

method ll\DWﬂ in A, dzwrmlno

{rack aligmmant for il masoaven

(8) In crosswind operations, the mmhlnsd

of pedals and cyclic as in (2)

above results in a sideslip, commonly

veferred to as a stip. The aviator does

not._consciously think slip, for he is

automatically in a true slip if he holds

the fusclago aligned on a distant ob-

ject with pedals (fig. 4.1) and main-

taius positioning over the line with
eyelic (fig. 4.2),

d. Heading and Track Control for Opera-

tions above 50 feet.

(1) For coordinated flight above 50 feot,
the pedals assume n purely antitorquo
role and are promptly ropositioned to
a climb pedal setting upon reaching 50
feet. This pedal action converts the
slip to a crab, which aligns the fuse-

413
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for heading control. The use of pedals
to prevent the momentary yaw of the
nose due to gusts should be avoided in
carly training, Do not move the pedals
unless there s a power change.
Power changes vequire sufficient co-
ordinated pedal to prevent the fuse-
lage from yawing loft or right. When
the power change is completed, cross-
check the new pedal setting and lat-
eral trim of the fuselage (fig. 4.8).
Generally, the average single rotor
helicopter will have pedal settings
which are normal for various power/
speed combinations. Coordinate these
sottings with power changes and hold
in cross-check (for all operations and
coordinated flight above 50 feet) .
Average pedal settings for a typical
single rotor helicopter are shown in
figure 4.3, Cross-check these settings
for accuracy as deseribed in (6) and
(7) below,

Rigging of pedal control linkage will
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and note the exact pedal setting re-
quived when ball is centeved.

(b) Door frames or windshield frames
for laterai level trim. Pedal into the
low side and note the exact pedal
setting required.

(¢) Main rotor tip-path plane. It should
be the same distance above the hori-
zon on each side. For level rotor,
pedal into the low side.

Note. If the pedal position required s
ax vemoved from the normal setth
shown in figure 4.3, wri
of i

gs as
up “pedals out

8

(7) In semirigid main rotor configura-
tions, note the lateral hang of the
fuselnge at a hover (into the wind).
If the fuselage is not level, then the
one-side low condition must be ac-
cepted as level; thereatter, in fight
(airwork over 50 feet) adjust pedals
for a lateral trim of one-side low as
existed at a hover. Proceed as in
(6) (¢) above,

vary in helicopters of the same type. <. Pedal Use in Turns. Use of pedal to enter
Therefore, in steady climb, cruise, des.  and maintain a turn requires study and expers.
cent, or autorotation, with pedals set  ment for the particular helicopter being flown,
as in figure 4.3, cross-check— (1) To determine if pedal is required for
(@) Turnand-slip indicator for a cen- a coordinated entry to a bank and
tered ball. Podal into the low ball turn—

MAST cycLic LEFT PEDAL

RIGHT PEDAL

TRUE TRACK/POSITION

TOUCHDOWN
HOVER
CLiMBOUT

Figure 4.8, Luteral positioning.
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(a) Start at cruise airspeed with the
corvect pedal setting for lateral
trim in straight and lovel flight.

(b) Begin a bank with cyclic only. Use

10 pedal.
(e) Note whether the nose turns in pro-
portion to the hank.

(2) If the nose begins to turn as the bank
is initiated, no pedal is required for
the entry to a turn in this helicopter.

(8) If the nose does not begin to turn as
the bank is initiated, use only that
pedal requived to make the nose turn
in proportion to the bank at entry.

(4) After the bank is established, antici-
pate the novmal requirement in all air-
craft to vequire a slight pedal pressure
in the direction of the turn for coordi-
nated flight or a centered ball.

23. Traffic Pattem
a. The trafic pattern is used to control the
w of traflic around an aivport or flight strip.

affords a measure of safety, separation, pro-
tion, and administrative control over arriv-
5 departing, and circling aiveraft. During
tining, a precise traffic pattern is flown to
mate knowledge, planning, prediction, and
tht discipline. All pattern procedures must
strictly followed so that every aviator worl-
¢ in the circuit, and transient aviators arviv-
¢ and departing, can determine at o glance
+ intentions of the other aviators.
». When approaching a vadio-controlled air-
4 in a helicopter, it is possible to expedite
flic by stating, for example—
(1) Helicopter No. 1284.
(2) Position 10 miles cast.
(8) (For landing) my destination is (one
of the following)—
(a) Opevations building,
(b) Administration building,
(¢) Fuel service,
(d) Weather station,
(e) (Other.)
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c. The tower will often clear you to a direct
approach point on the sod or to a partieular
runway intersection nearest your destination
point. At uncontrolied airporis, adhere strictly
to standard practices and patterns.

d. Figure 4.4 depicts a typical traffic pattern
with general procedures outlined.

able helicopter trafle pat-
the normal airplane pattern (fig.

4.4). Use touchdown and takeof! points to one side of
the active rumway. If you intend to land on tho vunway,
approach to the near end, then hover clear of the run.
way immedintely.

fly & good traffic paitern, visualize a

rectangular ground track and—

(1) Follow good outbound iracking on
takeoff and climbout, with steady
climb aivspeed,

(2) Turn usually less than 90° for dvift
corxection on turn to crosswind leg, so
s to track 90° to the taleoff leg.

(8) Select a distant poin on the horizon
for turn to downwind leg, so as to fly
a track parallel to the takeoff and
landing divection. Then set up a
steady eruise speed and hold a steady
altitude.

(4) Tarn more than 90° for dvift corvec-

tion on turn to base leg. Change aiti-

tude to slow eruise. Change power and
pedals to descend at approximately

500 feet per minute or to lose § miles

pex hour for ench 100 fect of descent.

Watch far veference point for turn to

final approach leg (fig, 4.5).

Turn short or beyond 90° on turn to

final, depending upon the crosswind

condition. Before entering approach

(or not later than the last 100 feet of

the approach), establish a slip with

fusclage aligned with the line of ap-
proach and the helicopter positioned
over the line of approach (see anti-

torque pedals, pur. 4.22),

g
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‘SELECT APPROACH
/" POINT IN 50D
/

HoveR Parae o,
/ RCTVE RUny
/

/
¥ STOR, TR 900
AND CLEAR

PARK WHERE
NO ARPLANE
PARKING POSSIBLE
OR LiKELY

< 3600 PEDAL
CLEARING
TURN

Fiare b4, Tupical rofie paitery,
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HELICOPTER AND AIRPLANE AVIATORS WATCH THIS POINT
TO DECIDE WHEN, HOW, AND AT WHAT RATE TO TURN
FINAL- COMPLETE TURN AND ROLL LEVEL WATCHING
THIS POINT FOR GOOD TRACK CONTROL.

BASE LEG

anvntgz

Figure 4.8, Twrn to final approach,

Section V. NORMAL APPROACH

4.24. General proximately 800 feet above the ground
Helioopter normal approach techniques fol- 4

low a line of descending flight which begins  a. The desived line is intercepted, the:
upon intercepting a predetermined angle (ap-  lowed by use of positive collective pitch ¢
proximately 12°) at slow cruise airspeed ap-  so as to establish and maintain a constan

Ado s110A



Figure 46. Normal approeh to hover.

or angle of descent, holding the appronch panel
in collision or intercept,

0. Slow cruise attitude is held at entry (if
the groundspeed is normal) and until thore iy
a1 apparent increase the rate of closure. There.
after, the apparent groundspeed (or rate of
closure) is maintained at an agrecd value,
usually an apparent & miles per hour, Thi
zesults in a smooth constant deceleration from
the entry down to the hover,

Note, Abparant groundspeod is that phonomenon ox.
‘berienced by the aviator of g helicopter in a dosoont at
3 Constant airspacd when ho observes an aypusent o
rente of speed as Alttuds Is ot T maiutagn o s
stant apparent &roundspeed during 5 descont, the
aviator must reduce airspeed as altitudo is lost,

e During the approach, the line of colfision
ox intexcent to the panel s siowly changod from
fhe eyes to the wheels or skids, The appropel,
St esarted with the avintor’s yes o the fine;
¢ must be terminated with the wheols o skidy
On or over the Jine,

- A& approximataly 50 to 95 ey, gy aviu-
tor begins building in hovering power, arriving

offect to establish 1 stabiligeq hover or gentle
touchdown on the pane),

- The lnst 25 fact, eye ghoy)q be straight
ahead for goog yay control, while approgghing
With the panel i poipieyg vision to the toych.
down or hovey,

425 Normal Approach Exorciges

The step by step verformance of the norma)
Aapproach beging With & geod turn from base
leg to the fina] approach leg, The track is
m i tained with & crab, ang with sloy eruise
attitude ang slow cruisg Dower,

4.20

o Ol Prior 1 Butry gy,

(1) Center atlention o sty oruise gy

fude; erass-chaek o gy, My
pressure,

(2) Muke uivpecd correctiony wigy

mentury wititudo chigo, '

) Make ulitude corvectiony iy, 5 w

inch manitold pressupy chunges

1 0 the exuel slow ey g

TS when ultitdo s gy

vz upprent groundypeeg i

o I It i normal, sow, o gy

L i s, ontey it g g e
(e (1) bolow),

() A the desived approneh g, i
esred, H0ld slow aruisg attity
e cruiso powor (roguriosy of g

exiting wivspieed or wititudo). (1 3

oo ke oy Turther correcti

L i wivsped, e

o e wsed o find e dasirog gy

broach e, s seon wygningt son

Mirframe prd veforred to us o yormy

el sight picturo (s, 17 g

15 o lf.
selige wgt

aQCCLeS),

3
o
>

PN 2. Auerane wight picture for entering wornel
appreach (011-15),
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Fiire 4. Averaoe sght pisturo for ontoring narmal
cpproach (OH-25).
(8) Prior to reaching the sight picture, it
is optional to change from a erab to a
slip,

Note. Bach phaso of the above exercise
must be strietly followed to insure desivable
conditions for ontry. Dost comnon errors in
the normal approach procedure can bo traced
beck to paor pe stormance . plasning on
the final log prior to e

b. Normal Approach Enmr Ezmm.

(1) I the apparent groundspeed was
narmal or slow on final, fly up to a
point just short of the normal ap-
proach sight picture, If the ground-
speed was fast, use a point or lead
well short of the normal approach
sight picture,

A6 s770A

™ 1-260

(2) Cross-check and hold slow cruise atti-
tude to get a true sight picture read-
ing.

(8) Use a positive collective pitch reduc-
tion, in the amount necessary to
change the line of flight downward to-
ward the panel., Use prompt collective
piteh action to make the panel appear
to be stationary to the cye.

¢. Normal Approach (Intermediate Portion)
Eaereise.

(1) From this moment on, do ot use any
airframe part or sight picture to con-
trol the line of descent. To maintain
an angle of descent to a fixed point
(for helicopters and ‘airplanes), vse
the vule of collision or intercep!

Collision Rule: When two relative-
Iy moving objects (aireraft and ap
proach point) have no apparent mo-
tion to the eye when viewed from one
or the oher object, those objects are
on a collision or intereept course.

(2) The sole control of the line of descent
(collision course to the panel) is the
callective pitch. Use positive collec-
tive pitch action instantly when need-
ed to prevent apparent mation of the
panel,

(8) The rato of closure toward the panel
is a function of attitude contral (cy-
clic) and is usually maintained by
contralling the appavent groundspeed
to that of & brisk walk.

(4) If the rate of closure or apparent
groundspeed. is fast, raise the nose
slightly above the slow cruise attitude,

(5) If the groundspeed or rate of closure
appears to be slowing too much, lower
the mose momentarily to the slow
cvuise attitude and wait until the de-
scent causes an apparent increase
hack to the desired rate of closure or
apparent groundspeed, (Never at-
tempt to accelerate or use an attitude
below slow cruise, unless for a go-
around.)

421
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. Normal Approach Termination Evercise.
(1) At 100 feet maintain speed control, as
outlined in ¢(3) throngh (5) below,
down to the hover or to touchdown.

2) Begin to place the wheels or skids on
the line of descent (4.24¢ above).

(8) Begin building n hovering power—

decelerate so that the helicopter sinks

(if necessary) so more power can be

added—io arrive just short of the

pancl, needing only ground effect to
catablish the hover.

Keep eyes outward for good heading

control—use peripheral vision to sce

panel. Use whatever collective pitch
is required to maintain the line to

the pancl (over and above that g,
seribed in (3) abo

4.26. Summary

Common errors conmnitted by students per,
forming normal approach fechmiques indicgty
a_ complete luck of knowledgo of many itom,
listed in the above exercises. Thoso erros gy
be eliminated if the student understands ang jy
able to excente these exercises. Thore g
many alternnte oxercises for introduction ayg
anrly practice of Use novud approach, The
example used hero is woll suited for soparage
or single control studies (i.e., colleetive piteh (g
contral line of descent; eyelic control und agg,
tude changes fov apparent groundspecd or ragy
of closure control).

Section VI. MAXIMUM PERFORMANCE TAKEOFF AND STEEP APPROACH

4.27. Maximum Performance Takeoff

a. The maximum performance takeoff is, in
reality, a smooth, slowly developed mazinmum
angle lakeoff. The maneuver is correctly per-
£ormed when there is a slow, highly efficient
steep-angle climb  established by using maxi-
mum allowable power. The maneuver is com-
pleted when the barriers are cleared and n
normal climb is established,

b. The exact performance sequence is pro-
sented in exercise form. To convart the exor-
cises to an oparational maneuver, biend the
exercises for a smooth transition throughout,

4.28. Maximum Performance Takeoff
Exercises

@ Mazimum. Performance Takeof Entry
EBercise,
(1) Select a takeoff path as nearly into
e wind as barriers will permit,
(2) Select one particular tree for o slip.
and-track-control reference point,

the landing gear still in contact with
the ground. This is the key point in

executing maximum performance
takeolf.

) Add only enongh collective pitch to
case the helicopler to leave the
ground (usually 1 ineh ov less mani.

Id prossure;

() As the helicopter hreaks ground, ro-
tate the attitudo to o position ju
short of the normal takeof attitude,

Note. Abort horo mi vepent (1) through
(5) above until this exarcine In porformed
exnctly i wtated. Al proceduves huvo heen
included for o good muximam porformans
takeol! except the addition of muxlom al-
Towallo powor,
- Maziain Porformance Takeoff Intorme.
diate Baorcis
(1) After porforming «(6) above, add
maximum allowablo powaor with
throttle whil controlling rpm  with
collective pitch,

Note. For weak engines o poor porforn-
anco dia to lond or density aluitude, olimk
nate a(d) abovo and nsert (1) above,

(2) Hold the cauot attitude assumed in
(5) above,

(8) Maintain track and heading on the
referonce troo with good slip control

(4) Control vpm by car and froquent
eross-chack to the xpm instrument.

g0 s1uA



. Magimum Performance Takeoff Comple-
tion Ewercise.

(1) At a point where the barriers are
cleaved, convert the slip to a crab by
repositioning pedals to the “climb
pedals” setting.

(2) Lower attitude to the normal takeoff
attitude (normal acceleration atti-
tude) to gain normal climb speed.

(8) As climb speed approaches, rotate at-

de to normal climb attitude and
reduce manifold pressure to the nor-
mal climb value,

d. Mazimum Performance Takeoff Emer-
geney Climb Exercise (for Nonsupercharged
Engines).

(1) For doubtful performance or to clear

igh barriers, use a 200 rpm overrev
at a(1) and hold the overrev during
the initial 25 feet of climbout.
Gently pull off the 200 rpm overrev
down to normal rpm. This will con-
vert the overrev inertia of the main
rotor system to lift at & point where
ground effect is lost and will assist in
gaining translational lift.

c

4.29. Steop Approach

a. The stecp approach (fig. 4.9) is the maxi-
mum angle of descent recommended for any
given helicopter. It is often referred to as
the companion maneuver to the maximum per-
formance takeoff.

0. The steep spproach is used when the
presence of barriers or the size of the landing
avea requires a slow steep angle of descent. It
is also used af times to avold turbulence or to
shorten the overall approach profile when ap-

mmaoreET

evrox(aoe

iy
Figure 4.9, Stoop approach,
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proaching over rough terrain or congested
areas,

¢. Generally, aviators will use a normal ap-

Dronch when possible and steepen the angle
only by the amount required to have a cloar
downward approach sngle to the touchdown
point.  Aviators generally avoid approach
angles steoper than that recommended for a
specific helicopter so as to stay clear of the
Caution aveas depicted on the height velocity
dingram in the operstor’s manual.

430. Stoop Approach Exercisos

& Stap Aproash—on Piul Pricr o Butry

Erercis

(1) Hstablish o good track on final ap-
proach leg (using & crab) with 300
feet. altitude over the terrain.

(2) Hold slow eruise attitude, with cor-
rections to airspeed accomplished by
momentary attitude changes,

(8) Use an exact slow cruise power sci-

ting, with altitude corrections accom-

plished by prompt manifold pressure
change:

Analyze the apparent groundspeed on

final. Unless groundspeed is notice-

ably slow, all entries to the steep ap-
proach must have a lead. Sec (1) be-

Tow.

(5) Well short of the steep approach sight
pieture (figs, 4.10 and 4.11), discon-
tinue a1 atterapts for altitude and air-
spe orrections, sl
cruise attitude and a slow cruise mani-
fold pressure setting. (It is too late
for further corrections to altitude and
airspeed, since the fuselage must now
be used as a transit to find the steep
approach angle.)

(6) Optional: change from a crab to a
slip for brack control.

g

above oxorciso
must be performed with procision and with-
out noticoable cflort or distraction to
aviator, 1¢ the work on final, prior to entry,
s ovratic, then no_two approaches will bo
aliko and cfforts throughout the approach
would be devated to vecovories from crrors
caused by the bad entry.
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Pl 410, dverage sight icture or etering
stecp approach (OF1-13)
b Steey Appronch Entry Faereiss,

(1) On fnal, wnless the  proundpea is
siieeably siow (due to headwing)
allsteep approaches mus hayg 5 lead;
"y xeducing collective pitch jugt i
o reaching the steap approgel sight;

witn

Picture,

(2) At 2 boint short of g g pleturg  Finro ““;,L.;f,,' P i entering

ovening upon the 4 aore
EreundsDeed on final), uge 3 nogs ) Betam the atitude o the gy
tive ditch yody o] 0y g e petting while wsing colloetive iy
haoant and at a rago i (0o 0 MOld the tine of dusn, gy
ehango the Jing of it downvarq Aol prowsirg will oy e
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re,
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otationare g needles joineq (42 Contaol tha i of descen, onpan e
Il th

I Dbanel ) fho way down to the Thover
@ I;.T.”;eﬁtf,,':,’,'ﬁ:“ farther and holg {or 810U contuct) i ot
ol o U th o Diteh.  Howovor, durtug the fio ne

o140 260ty powar should o Incyonping.
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(a) Cross-check manifold pressure,

(b) If low, raise the nose slightly so the
helicopter will decelerate and settle.
More power will then be vequired
to hold the line of descent,

(2) Use attitude control to rogulate the
vate of closure, which should be com-
fortable (too slow or too fast is not

™ 1-260

comfortable even to the inexperienced
aviator).

(8) A good termination is accomplished
when the helicopter arrives over the
approach point, needing only ground
effect to establish & hover or a gentle
landing to the ground.

Section VIIl. RUNNING TAKEOFF AND LANDING

31. Running Takeoff

a. The running takeoff is used when the heli-
ster will not, sustain a hover or perform a
mal takeoff from a hover or from the
ound. This condition is encounteved when
> helicopter is heavily loaded &nd/or during
sh density altitude operations.

b. The xunning takeoff is more officient than
» normal takeoff beceuse of the—

(1) Partial elimination of the costly hov-
cring circulation of the air supply.

(2) Ground run toward efficient transla-
tional lift, where clean undisturbed
air (in volume) is delivered to the
Totor system,

2. A goneral deseription of the running
ceoft maneuver for a loaded helicopter is as
lows:

(1) Assure that the tervain ahead wil
permit a short ground run.

(2) Plan the outbound route for a shallow
climb.

(3) Make a pretakeoff check.

(4) Place yotor tip-path plane at the
normal_takeoff attitude (this is the
most, efficient attitude) or place cyclic
slightly ahead of hovering neutral.

(6) Apply enough power (manifold pres-
sure) to cause a forward movement.

(8) After approximately 6 foot of for-
ward motion, smoothly add maximum
available (allowable) power,

(7) Hold the tip-path plane or the attitude
constant, With some portion of the
landing gear still in contact with the
ground, the helicopter will accelerate.

> am0A

The helicopter will leave the ground
when sufficient speed is attained for
effective translational lift.

(8) Hold the same normal takeoft atti-
tude until climb speed is reached.

(9) Rotate attitude to the normal climb
attitude.

(10) Set climb power and climb pedals.
Convert slip to crab.

d. An alternate technique for the perform-
ance of this maneuver is as follows:

(1) Perform c(1), ¢(2), and c(3) ahove.

(2) Apply enough power to find the cen-
ter of gravity attitude of the loaded
helicopter.

(8) Apply enough cyclic to cause & slow
forward motion,

(4) After approximately 6 feet of for-
ward motion, apply maximum avail-
able (allowable) power.

(6) Hold the steady attitude ((3) above).

(6) Hold good heading on a distant refer-
ence point,

(7) When sufficient translational speed is
attained, the helicopter will take off.

(8) When normal climb speed is reached,
rotate the noso to the normal climb
attitude.

(9) Set normal climb power and climb
pedals (convert slip to crab).

e Difficulty avises when demonstrating a
running takeoff in a helicopter that can hover
—one that is not heavily loaded. Even so, the
practice s beneficial for student aviators. The
practice exercise is usually set up by limiting
the power to 2 inches less than hovering power.
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7. The practice maneuver is correctly per-
formed when there is-
(1) A smooth aceeleration to translational
ift.

) smdy and accurate heading and at-

titude control
(3) No mtchmg or lateral lurch of the
fuselage the helicopter breaks
sromd.
(4) Good track cnntm] and acceleration to
normal clim

(5) Smooth emnsmon to normal climl
nmtude and power at 50 feet of alti-
tude,

(6) Good conversion from slip to crab.

4.32. Running Landings

a. All helicopter lsndlngs to the ground
which have some degree of forward motion at
touchdown are referred to as running landings.
The amount of forward motion at touchdows
may vary from 1 mile per hour up eo a rela-
tively high speed of 40 mllm pex hou

le. Running landings having a ground rall ! of loss
than 10 feet aro often ealled “raans landings,
many rea-

b Runnmi landings are used for
sons

W 10 avoid unnecessary wear and tear
on the helicopter and engine by elim.
nating the high power, hovering ter.
mination,

&g

To minimize blowing of dust, snow,
or debris and to avoid rotor dowr.
w-s). dﬂmnxe to surrounding equip.

T Avoid hovering when there is Joy
Visibility or no horizon,
Tn xvm'd the high noise level of the

Tn pennn Ilndmxs When there fs n.

blems and wherg
power limitations woulq pe excecded,

en the approach nnd landing must
be mnde downwind,

(T) When an emergrency exists due o
of heading control or ail rotor r-mu.. .

(8) When the contor of gravity is o
limits duc to structural Tniture o g
shifh, or poor welght wid by,
management.

o Usually, the vunning landing is of |
run-on type, having u vory short ground ry
Itis performed by—

(1) Making the approach 4 g
quired to clear burriers or turbulae
but usully at not less than 5 (g

).

(@ Plnnnmg the approach as if to univ,

ver, but continuing witho

pause to the ground, for a toucidowy

with some forward motion-—usuly
less than 10 feat of ground roll,

- TQ

Figure 4.12. Shallow approach,

perform
candxtmusm 0(6) al

(1) Hold stow cruiss duzing tho upprouc,
down to approximately 50 feot of alj-
tude,

lunmng landings under the

(2) Use positivo caliective piteh aetion to
gontrol the line of doscont townrd the
touchdown point,

(8) At 50 foet, rotate o & ormal docolr.
ating attitude (often this i g oy o
landing attitn nde)

) Uu smooth cn]lucuvo plteh ncle\ to

touch dow tho dosiy

(5) Have uumeicnt lmnaluuonﬁl Uﬂ o
Supplement the nvn lablo power for 1
8mooth touchdos

AG0 s
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CHAPTER 5
AUTOROTATIONS

Section 1.

5.1. Introduction

An autorotation is considered an emergency
procedure and should be treated as such. When
a helicopter engine fails during flight, the avi-
ator must rely on autorotation to cffect a safe
descent and landing. Safe execution of this
maneuver depends largely upon the aviator's
judgment and his preplanning prior to the
comergency.

5.2. General

« In considering autorotations or forced
landings, there are several basic rules or as-
sumptions that the aviator must accept. These

o
(1) That the helicopter is being operated
within the safe parameter as pre-
seribed in the height velocity diagram
of the appropriate operator’s manual.
(2) That the helicopter is being flown
best routes so that clear mul

able, and that flight over 1m;\0&'uble
forced landing areas such as water,
forests, or precipitous siopes is held
to 2 minimum.

That some migsions will be upon or-
ders which prescribe voute and alti-
tude to be flown.

b. Except when flying missions which pre-
seribe the route and altitude, a good helicopter
aviator will fly at a sefe altitude (¢ below) and
select o safo route (e below) for his return
flights, In the cvent of engine failure, if the
aviator is not following the rules listed in
above, he is compelled to make an autorotation
with limited choice of landing area, wind di-
rection, airspeed, groundspeed, and landing di-

El
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BASIC CONSIDERATIONS

rection. The resultant forced landing could
cause personal injury, and/or damage to or
total Joss of the helicopter.

¢. Sefe altitude for a helicopter over open,
level tervain is that altitude from which it can
imake its largest radius 180° turn, using a nor-
mal bank while holding a constant cruise air-
speed in autorotation. (The OH-18 requires
700 feet for this turn; the OH-19, 900 fec
and the UH-1, 900 feet.) Safe altitude over
undesirable areas is that altitude from which a
safe landing area can be reached in the cvent
of a foreed landing.

d. Safe airspeed is the aivspeed which will
give the best ground coverage In autorotation.
This same airspeed will give turning power
when decelerating or lifting around a normal
bank autorotation turn.

e. Safe routing normally is selected before
the flight by use of charts and maps, A direct
line from the departure point to the destination
will often take the flight over undesivable ter-
vain, Therefore, the aviator should plot &
course which will be over the most favorable
terrain without undue deviation from the di-
During flight, the aviator should
scan ahend and make necessary heading
changes which will route the flight over the
best terrain, These deviations will not add
appreciably to flight distance or time.

5.3. Glide and Rate of Descent

. Tach type helicopter has a specific air-
speed (given in the autorotation chart of the
operator’s manual) at which a poweroff glide is
most efficient. The best airspecd is the one
which combines the most desirable (greatest)
glide range with the most desirable (slowest)
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rate of descent. The specific airspeed is some-
what different for each type heh!;up!e}‘, yet
n factors affect all configurations in the
sume manner.

. Spocific_airspeed is established on the
basis of average weather and wind andltlnnF,
and normal loading. When the helicopter i
operated with excessive loads in high density
altitude or strong gusty wind conditions, b?st
performance is achieved from a slightly in-
creased airspeed in the descent. For autorota-
ions in light winds, low density altitude, or
light blade loading, best performance is
achieved from a slight decrease in normal air-
speed.  Following this general procedure of
fitting airspeed to existing conditions, an avi-
ator cam achieve approximately the same glide
amgle in any sat of cireumstances and estimato
his touchdown point. For example, the best
glide ratio (glide to rate of descent) for the
OH-13 or OH-23"without litters, in a no-wind
condition. is wbout 4 feet of forward glide to 1
foot of descant, Ideal airspeed for minimum
descent s about 40 knots, or about 1,200-fecl-
per-minute rate of descent. Above and below
10 knots  (the specific airspeed for the OH-13
and OH-23), the rate of descent rapidly in.
creases.

5.4. Flght Control
. A helicopter transmission is designed to
allow the main rotor to rotate freely in its
original direction if the engine stops. At the
instant of engine failure, by immediately low-
cering collective pitch, the helicopter will begin
to descend,  Air will Dbroduce a “ram” effect on
the rotor system and impact of the air on the
Dbludes Dprovide sufficient thrust to Maintain
rotor rpm - throughout the descent, Since the
tail votor is driven by the main rotor during
lon, heading control can be main.

assist or speed the turn causes loss of airspeed
and downward pitching of the nose—especially
when left pedal is used.

0. Immediately before ground contact, an in-
crease in pitch (angle of attack) will permit
the blades to induce sufficient additional lift to
slow the descent and allow the helicopter to
make a safe, smooth landing, Abrupt rear-
ward movements of the cyelic stick should be
avoided. I the cyclic control is moved abrupts
ly rearward, the main rotor blades may flox
downward with sufficient force to strike the
tail boom,

55. Hovering Above 10 Feet

Hovering above 10 feet may be considerad a
calculated risk and normally should be avoided,
(See height velocity chart in operator's man..
ual) When hovering above this altitude, the
collective pitch angle of the biade is very high,
If the engine should fail, rotor rpm will falt
off rapidly. Although collcctive piteh mny be
reduced immediately, altitude muy be inade.
quate to regain suflicient rpm for an unevent.
ful autorotative landing. The rate of deseont
is very high and collective pitch must be ay.
plied xapidly and close to the ground to cushion
the landing.  Application of callective pitch tog
soon or too late invariably results in u hard
landing.

56. Crosswind Autorotativo Landing
Crasswind autorotative lundings e bo iy
by slipping tho halicopter into the wind,  Tio.
case of the loss of torque, necessary right
vedal s applied the moment autorotation .
gins.  This reduces the amount. of remuining
Tight edal travel. Howover, prior (0 miking

ictosswind landing, the fuscluge musy b
aligned with ground track. I divectiong] con-

when airspeed is dissipated,
landing more into tho wind, It losy o
tional contral is not discovereq hefore nctunt
fouchdown, coondinate cyelic congpol toward
(Nle divection of tur wnd mako n turning land-
ing,

Ao wmrox



Autorotati

Vertical or backward descent autorotation
may succeed when an engine fails under high
wind conditionk directly over, or just upwind
of, the only available landing avea. A 360
turn may be unwise under such conditions be-
cause of the danger of drifting away from the
landing aven, An altitude of at least 1,000 feet
should exist before descending vertically or
baclkwards. The maneuver should last only
Tong enough {o establish the desived angle of
descent into the area, Forward airspeed must
De regained before landing; however, this al-
ways results in a great loss of altitude and a
high vate of descent. Therefore, desired for-
ward airspeed should be completely regained at
« veasonable altitude above the ground.

5.8. Autorotation From High Speed Flight

1f the engine fails at above normal cruising
speed, execute a flare at a moderate rate to re-
duce forward speed. The collective piteh stick
should be in its lowest position as the flare is
completed. An attempt to maintain the same
flight attitude with cyclic causes the helicopter
to pitch up several seconds after collective pitch
stick has been lowered, Since more forward
cyclic is required in autorotation, sufficient
cyclic travel might not be available to stop this
pliching movement if speed has not been re-
duced.

5.9. Autorotation at Low Altitude

In the event of engine failure at low altitude
after takeoff, or while maldng an approach,
lower the collective pitch control as much as
possible without building up an excessive rate
of descent, Apply pitch to cushion the landing.
At 10 feet altitude, there is seldom cnough time
to reduce collective pitch; at 25 feet, it may be
yeduced slightly; and at higher altitudes, col-
lective pitch can usually be lowered completely.

5.10. Low Altitude Autorotation From High
Speed

5.7. Vertical or Backward Descent
ation

If the engine should fail at low altitude and
high airspeed, execute & flaxe to momentarily
maintain altitude and to slow forward speed.
Simultaneously decrease collective pitch. (Some

AGO 1108,
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rpm will be lost during the initiel part of the
flare, but the loss will be regained as the flare
progresses.) Complete a modified flave autoro-
tation with slow forward speed.

.11, Antitorque System Failure in Forward

Flght

I the antitorque system fails in flight, the
nose of the helicopter will usually pitch slightly
downward and yaw to the right, Violence of
pitch und yaw is greater when a failure oceurs.
in the tail rotor blades, and usually is accom-
panied by severe vibration. Pitching and yaw-
ing can be overcome by holding the cyclic con-
trol near neutral and entering autorotation
immediately. Cyclic control movements should
be kept to a minimum until all pitching sub-
sides, Cautiously add power as required to
continue fiight to a suitable landing area, unless
dangerous flight attitudes ave incurred. Re-
duction of yotor rpm to the allowable minimum
will zid in overcoming an excessive forward
C. G. (noselow) condition. With effective
{ranslational speed, the fuselage remains faitly
well streamlined; however, if descent is at-
tempted ut near zero airspeed, expect a con~
tinnous turning movement to the left, Main-
tain directional control primarily with cyclic,
and secondarily, by gently applying throttie
with needles joined, to swing the nose to the
vight. Landing may be made with forward
speed or by flaring. The helicopter will tar
during the flave and during subsequent vertical
descont; however, damage is unlikely if the
helicopter is level at ground contact. The best
and safest landing technique, terrain permit-
ting, is to land directly into the wind with at
Teast 20 knots airspeed.

5.12. Antitorque System Failure While
Hovering

it the antitorque system fails in hovering
flight, the aviator must act quickly because the
tarning motion of the helicopter builds up
yapidly. Immediately close the throttle (with-
out varying collective pitch), to eliminate the
furning offect of engine torque on the heli-
copter. Simultaneously, adjust the eyclic stick
to stop all sideward or rearward movements

53



T 1260

lunding. After ground contact, smoothly lower
collective pitch.

5.18. Antitorque Failure at Hover

Autitorque failure may be experienced while
hovering. To simulate antitorque failure, pro-

ceed us follows:

«. Mover the helicopter crosswind (wind
from the aviator's vight) at normal hovering
altitude. "To simulate the loss of antitorque
control, apply right pedal to start the helicopter

turning to the right (or the opposite direction
from which the main rotor is turning), and
hold this pedal position throughout the rest of
the maneuver. Allow the turn o progeress at
least 90°, then 1otate the throttle into the
closed position. This will climinnte engine
torque effect and cause the rate of Larn Lo de-
creast

b. Complete the maneuver in th
ner as in autorotation from & hover,

Note. Antitorgue fuilure normally will b practicsl
only in veconnaissanco helicopters.

anme man-

Section ll. PRESOLO PHASE PRACTICE EXERCISES

5.19. Introduction

Prictice exercises in this section are pre-
sented in the training sequence designed to
promote high proficiency in the shortest pos.
sible tinie.

5.20. Forced Landing Entry (Straight Ahoad
for Maximum Glide Distance)

. This exercise can be introduced after the
first hour of presolo training. The exorcise bo.
ins with the instructor splitting the neodlas
shaply (throttl veduction) at cruise airapood
and cruise alitude, with an open field ahead
requiring maximum glide distanco,

. The exercise is corvectiy performed
when—

(1) The collective piteh is veduced at o
rate that maintains votor rpm in the
sreen are,

©) Antitorqu Dpedals are Trepositioned to
Drevent yay,

(%) Cruise attitude is maintained by cy.
dlic control vopasitioning.

(4 The studont notes the line of qoseon
fownrd the distant opon fielg” g
ks an oral “call oft” of yiygpaeq
fh o knoks) and 1oty ppm
(mount: o “in the gyegyn).

e, the exercise at this pojn;

~in the needles for a poyey. .

8e 10 climb powon, clim g
sedals,

omplished expertly
ntroducod.

Note, This axarelso should b n
Before other autorotation exorcises o
5.21. Forced Landing Entry (Straight Ahoad

for Shortened Glide Distance)

@ This excreise oan be introduced imme.
ately attor complotion of the maximum glide
exercise (par. 5.20). The exorcise beging with
the instructor splitting the needles  (Uhyolll
veduction) at eruiso airspecd and eruive gt
tude, having an open fold clasein ahead swhicl,
voquives a sicop angle of glide,

b The exercise is correctly per foymeq
when—

(1) Collective pitch in veduced ut . rate
that will maintain votor rpm in the
grcen e,

2) Antitorque pedals ave repositioned in
tho amount vequired to provent, yiy,
® Attitud s vaised promptly to 1 point
above the novmal decclerntion nttituds
and held until tho airspocd appronches

# valtio approximately 25 porcont bo.
low slow cruiso airspeed. (1)
vesult in o steop angle of deseont,)
() As tho aivspecd voaches tho v
) above, the attitudo i rotnted g
(o near) the slow cruisg attitude
which wiil hald this nivspoed conatye
(®) The student notos tho Jing of descont
foward the closo-in- opon flelq g
makes an oral “eall off* of yiyapeed
{mph or knots) and rotoy rp

(amount or “in tho grogyn),

A0 3176



¢. Discontinue U exercise at this point
(b(6) whove), und exeente w power recovory.
Amsume an acecleration allitude, add \limb
sower, und veposition the pedads for climb,
appronches the normal climb s,
otato o e wormal el spocd i,

During subseqnent dunl poviods, foreed
anding onbvies vequiring moximum glido dis-
amee should be altoruated with tose requivin
duortened glide distance,  New. nutorotation
sorcises should nob be attompled wntil these
vo busie drills e perfected.

5,22, Forcod Landing Entry (From Downwind
Hoading With Turn)

. This oxercise e be introduced imme-
liately after complotion of the straight ahead
wttorotntion entry exercises, Tho excreise bo-
dn with the instructor splitting the needlos
{throttlo veduction) a6 eruise nivspeed and
‘ruise altitude, while flying downwind and hay-
ng an open fild to the left ov vight.

b. The oxercise i proporly nccomplished
vhon—

(1) Colleetive piteh is reduced at a rate

b will maintain rotor ypm.

(2) Antitorque pedals are ropositioned in
the umount roquired to provent yaw.

(8) Crulse uttitude is hold during opera-
tions (1) and (2) above,

(4) A novmal bunk is entered (left or
vight) with Intoral eyclic control hold-
ing eruise attitude.

(5) As the bank I established, the aiti-
tude s changed to slow cruise, provid-
iug decoleration lift for turning

¢. The oxereise i comploted upon the rota-
fon of attitudo at b(5) abovo without regard
0 the dogroo of tum nccomplished. Discon-
o the cxorcne by vamoring bl and il
Ng & power recovery.
d. Tn subsoquont dual poriods, all three on-
ry cxorclses should be glven at loast once dut-
 onch povied, 80 ns to dovelop split second
ccuracy in porforming cnch of these autoro-
ation entry maneuvers,

60 rion
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523, Power Recovery

. Power recovery is a performance sequence
used to discontinue autorotation and veestab-
lish normal flight, In peactice, it usually is
used to establish a_climb, although the same
procedure iy be sed o establish a cruise or
normal desce

0. The pover vesovey s corsetly per-
formed wh

(30 Tho engine tachamter nedis s -

Iy joined to the rotor tachmater
needie by use of throttle eedles
joined loosely).

(2) Airspeed is cross-checked, If airspeed
is below normal climb airspeed, rotate
attitude to an accelerating attitude
(usually to & normal takeoff attitude) .
11 aivspeed is at or above normal climb
airspeed, rotate attitude to a normal
climb attitude (usually the same as
slow cruise attitude).

Manifold pressure is increased to the
published climb power setting by in-
creasing collective pitch and adding
thiottle (bending wrist outward) to
‘maintain normal rpm.
A steady state climb is established
with cross-checks to climb_attitude,
climb airspead, climb pedal setting,
and normal vpm; the climb is routed
over the best tervain and clear of
other traffic.

Caution: Do ot join the needles at
an excessively high rpm, which causes

)

rpm below normal operating limits. A
smooth control tonch and coordination
of all control action is essential.

5.24, Termination With Power
. Termination with power is an exercise
gequence used to tevminate an autorotation at
2 hover (over open terrain, where prior ap-
provl is granted) .
0. The fominat: wn.h -povier exercise is cor-
vectly pmmmea
At 100 feet "the needies are joined
loosely (cngine and rotor tachometes
needlos ave nearly joined).
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(2) The attitude is smoothly rotated to &
normal decelerating attitude or level
landing attitude. )

(8) At approximately 15 to 25 feet, mani-
fold pressure is increased to arrive at
the accepted hovering height by in-
creasing collective pitch and adding
throttle so as to hold normal rpm.

(4) The decclerating or landing attitude
and heading are held until all forward
‘motion is stopped.

(5) A stationary hover is established.

5.25. Basic Autorotation

4. The basic autorotation is a by-the-num-
bers (1-2-3) drill. It is a basic exercise which
is preplanned and programed throughout, Any
deviation from the programed basic autorota-
tion sequence published for a particular heli.
copter will result in something other than a
basic autorotation.

b, This maneuver has great training value
and should be performed (unassisted) by all
students prior to solo. Since the basic autoro-
tation is programed throughout and includes a
landing on a large smooth avea which permits
4 touchdown with a variable ground run, it is
unsuitable for introduction work in forced
tandings and autorotations. Therefore, the
basie autorotation is usually introduced after
the student is proficient in the forced landing
entry series, the power recovery, and the tor.
mination with power.

<. The basic autorotation is correctly accom-
plished when— :

(1) At fight altitude, usually 700 feet,
turn to final approach leg is accom-
Vlished, resulting in n good track,
steady altitude, and cruise airspeed.

(2) Just prior to entry, a slip is estab-
lished if necesaary for crosswind cor-
rection, with final check on airspeed
and altitude,

(3) Power is reduced to the minimu

tle is eased off to cause the ncedles to

(4) An oral eross-check is made, inelud-
ing the actual airspeed and votor rpm
in the green (or yellow, as the casc
may be). )
Attitude i rotated to the slow cruise
attitude.

Note. Procedurcs (3), (4), and (6) nro
accomplisiied slowly and smoothly in somo
clicopters; in others, the order is changed
to combine (3) and (), with (4) accom-
plished last.

With collective pitch positioned to

maintain rotor rpm in the green

(usually on the down stop), slow

cruisc attitude is cross-checked and

held with the halicopter aligned par-
allel to the touchdown lane. Tho noso
will tend to lower as airspeed ap-
proaches the slow eruise valuo, re-
quiring cyclic repositioning ronrward
to hold the slow cruise attitude steady,

Note. The center of atletntion must bo on
attitude control thronghout the mancuver;
cross-check evorything else outward from
this reforence conter,

(7) With airspeed just reaching  slow
cruise at approximately 100 feot, an
oral cross-check is made, calling off:
“Airspeed (), 1otor in the
green, throttle to ovorvide.””

(8) AL 100 feet (if the groundspeed is not

o slow and provided airspecd is at
slow eruise o higher), the attitude is
rotated toward the normal decelera.
tion or level landing attitude,

(9) At the agreed height (usually 10 [0

20 feet), an initial eollective pitel, ap-

plication is made in the amount and

ata rate that will be folt s added lift,

Note. For holicoptors requiving o nose.
high decclerating allitudo, tho noso In ro.
u\!ef to tho lovol Janding attitudo nt thls

»oi
(10) A firm, positive colloctive pitch fs ap-
»l

most parallel the ground for touch.
down two helicaptor lengtha ahend,
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(11) Collective pitch is used in a manner
to cause light ground contact of the
wheels or skid gear, and then to grad-
ually add the full helicopter weight
on the landing gear.

(12) The fuselage is pavallel to and over
the center line of the lane throughout
(9) and (10) shove, yielding a ground
vun of from one fo five helicopter
lengths, depending upon the prevail-
ing atmospheric conditions.

5.26. Precision Autorotation

. The precision autorotation to & predeter-
mined spot landing is a highly skilled maneu-
ver, usually performed by advanced students ox
perfected in postgraduate training. Procedures
vary in each type helicopter. Information heve-
in is applicable to the observation-type helicop-
ter; however, portions of this information may
be applied to all helicopters.

b. A study of the autorotation chart in figure
which shows rates of descent for the vari-
ous airspeeds for steady state autorotation, will
give the basic information for introduction to
precision autorotation. The acceptable autoro-
tation airspeed range for the various models of
observation helicopters ranges from 30 to 70
miles per hour, Note that in this speed range
the minimum change of aivspeed with maxi-
mum change in vate of descent occurs hetween
80 to 40 miles per hour aivspeeds; therefore,
this is the best precision range. An aviator in
a steady state autorotation at 35 miles per hour
‘may advance or retreat the point of ground con-
tact by increasing or decreasing the airspeed by
5 miles per hour. Airspeeds of less than 80
miles per hour yield high rates of descent.
Therefore, during practice exercises, speeds of
less than 80 milos per hour are restricted to
altitudes over 200 feet.

¢. A diagram similar to the one shown in
figure 5.2 is available in the operator’s manual
for each type and modol helicopter. A study of
this diagram will disclose the precision autoro-
tation parametors for the particular helicopter,

d. Figmre 6.3 shows cight example entry
points for the precision autorotation. The
entry points show positions on the front side,

AQ0 8110
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back side, and inside of the precision glideslope.

Before considering each of these entry points in

detail, some important genersl considerations

10 be remembered ave these:

(1) The best precision airspeed range as
shown in figure 5.2 is 80 to 40 miles
per hour. When plotted in profile, this
airspeed range becomes the precision
glideslope or the cone of precision.

(2) The main effort in performing the
precision autorotation is to intereept
and stay inside the precision glide-
slope. At positions 1, 2, 4, 5, and 6,
the precision glideslope must be inter-
copted as soon as possible; then a
steady state 80 to 40 miles pex hour
aivspeed is ostablished and tested,
holding a slow cruise attitude.

) Point CA (fig. 5.3) is the circle of
action o the point of collision (which
is two or thre helicopter lengths
short of the touchdown), where (to
the oye) the helicopter would hit the
ground if collective pitch were not
applied.

(4) For recognition purposes, the entry

avea between positions 4 and 5 can be

considered as the entry position of the
familiar basic autorotation.

The precision autorotation flight en-

velope ends at 100 feet., A basic type

termination can be made thercafter to

2 touchdown a point TD (fig. 5.3),

provided the airspeed is at or above

30 miles per hour and the rate of des-

eent is normal. During practice, it is

advisable to male power recoveries at

100 feot for a go-around to the noxt

position exerciso. This will permit two

complete series %o be coversd in 1
our.

(6) Exact attitudes must be used through-
ont the exercises. The center of at-
tention is split between attitude and
the circle of action point. All other
veferences such as airspeed, rotor
pm, ote, are read in cross-check.

(7) The airspeed valuos and restrictions
of the height velocity diegram must be
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sealed up to comply with the perform-
ance charts of larger helicopters.
Height velocity diagrams are based on.
a standard day, and the envelopes
must be expanded in proportion to in-
ereasing density altitude.

c. Exercises for performing the precision
autorotation from positions 1 through 8 in fig-
ure 5.8 are as follows:

(1) Position no. 1.

(a) In the avea of position no. 1, the
tonchdown (TD) point appears to
e almost vertical to the stadent.

(b) At cruise airspeed and at 700 feet,
into the wind, when the throttle is
cut, lower collective pitch, hold
heading, and flare promptiy—stop-
ping all forward motion (gaining
altitude if possible).

AGO wToA

() Hold the flare until the aivspeed
goes through 15 miles per hour,
then slowly lower the attitude at &
rate so as to meet 0 miles per hour
veading with a slow eruise ov hover-
ing attitude.

(d) Settle ventically; @ headwind will

cause a slight rearward movement.

When it appears that the helicopter

is about to intercept the precision

glideslope, lower attitude smoothly
to a point below the normal accel-
evation ttitude.

‘When the airspeed reaches 30 to 10

‘miles per hour, votate to a slow

cruise attitude.

Watch the circle of action (CA)

point for evidence of overshootings

or undershooting.
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(k) 1f undershooting, Tower attitude to

‘miles per hour; then return
attitude to slow cruise (for further
reading of the CA point).

It overshooting, raise attitude to

lose 6 miles per hour; then retum

attitude to slow cruise (for further
reading of the CA point).

At 100 foct, if airspeed is 40 miles

per hour greater, terminate as in a

basic autorotation for a landing at

the TD point,

At 100 feet, if airspeed is 30 miles

per houy, hold slow cruise attitude

to approximately 50 foct; then ro-
tale to the normal deceleration or

Tovel landing attitude,

Touchdown on D point as in basio

autorotation tonchdown,

Note. In veading the precision line of des-

cent in (f) through (i) above, observation of

the CA point is reliable only when the att-

tude is.at slow ervise and when & steady

torotation is in progress (no decel
eration, no acceleration),

(2) Position no, 2,

(@) In the avea of position no, 2, the
student ostimatos that he Is almost
beyond the precision glideslope,

(b) At cruise airspeed and at 700 feet,
wwhen the throttle is cut, lower col.
Tective piteh, hold heading, and figrg
romptly, stopping all - apparent
groundspeed,

() As the apparont groundspeod
veaches 0 miles per hour, Jower atti-
tude to the slow cruise attitude,
{The aizspecd will now bo equa) tg
the wind velocity,)

(@) Settle vortically and continue ag in
(6) through () of position no, 1

ve.

(@ In the aven of position no, 5, 4y,
stadent eatimates that Do s j fre
precision glideslope,

(8 At crle airspeod and o 700 g,
ihen th throtle I cu, e ol
etive pitel hold heading,
celerate promptly, o do

(c) As the airspeed approuches 30 tog
miles per hour (depending upon fhy
headwind effect on - prroundspea),
lower attitude Lo the slow cruiso .
titude for steady state nutorolalin

ed as in (i) Uhrough ()

110, 1 exereine, nbave,

(4) Position no. 4.

(@) In the aron of position wa. 4, e
studont cstimates that he is just
short of the precision glideslope,

(b) At cruise airspeed and at 700 fed,
when the throttle i r ol
lective piteh, hold headivg, and de
celerute smoothly. "his will causoq
litting up to the precsion glide.

, lowi

As the airspoed appronches 30 1o 40
miles per howe (depending upon th
headwind effect on grroundspeed)
lower attitude to the slow eruiso it
titude, for a steady state autorotn,
ton, and proceed as in (g) hrough
(1) of position wo. 1 excreise, nbove,

Noto, Exercise no, 4 ix (ho xumple to
use whon demonstrating an idend precision
autorotation,

(5) Position o 5,

(@) In the aren of position no. , the
studentestimates that ho iy woll
short of tho precision grlidestopo (4t
the approximate position whore n
basie autorotation might b ene
tered),

At eruiso airspoed and at 700 fect,
Wwhen the trottle is cut, lower collec.
tive piteh, and hold heading and
cruise: attitude for bost distance,
(Hold crab, yather thas sllp, for
best, distance,)

z
g

s that the prectsion
slidesiopa is just ahead, decelorate
maothly. This will enugo a Nfting
up to the procision glideslopo,

(@) As airspoed appronches 80 to 40
miles per hour, rotate attitudo to
slow cruise for & steady stato nute.
Iofation and proceed ag in (0
through (1) of position no. 1 oxer.
cise, abovo,

460 s



(8) Position no. 6.

(a) Tn the avea of position no. 6, the
student estimates that he is almost
too £ar back for interception of the
precision glideslope.

(b) He proceeds as in position no. 5 ex-
ercise with possible interception of
the precision glideslope further
down the line of descent.

(7) Position no. 7.

(a) Tn the avea of position no. 7, the
student estimates that he cannot in-
cept the precision glidesiope.

(b) At cruise airspeed and at 700 feet,
When the throttle is cut, lower col-
Jective pitch, and hold heading and
crnise attitude for best distance.

(c) The line of descent appears to be &
spot, well short of the CA point.

(d) At approximately 100 Teet, begin &
smooth lifting deceleration, convert-
ing speed to lift. This will change
the line of descont toward the TD
point.

(¢) By rogulating the rate and amount
of deceleration from 100 feet on, &

AG0 s7I0A,

T™ 1-260

basic type termination can be made

at the TD point.
(8) Po
(¢) This exercise is identical to position
0, 7 exercise except that the entry
is set up farther away from the pre-
cision glideslope than it was at no.

ion no. 8.

.

b) The line of descent appears to be o
a point 100 feot (or more) short of
the normal CA point.

(c) Holding best distance attitude and

trim down to 25 to 30 feet, execute
a full fiave which is regulated in
rate and smourt of attitude rota-
tion, 50 as to avrive at the TD point
ot the end of the flare.

(d) Allow the helicopter to seftle o 15
1o 20 feet, apply initial collective
bitch, rotate attitude to level land-
ing attitude, and apply a firm posi-
tive collective pitch in the amount
and at o rate necessary o cushion
the Janding.
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CHAPTER 6

HELICOPTER OPERATIONS IN CONFINED AREAS,
REMOTE AREAS, AND UNIMPROVED AREAS

6.1, Basic Considerations

For the purpose of this discussion, a confined
area is any area wheve the flight of the helicop-
ter is limited i some divection by terrain or the
presence of obstructions, nataral or manmade.
For example, a clearing in the woods, the top of
a mountain, the slope of a hill, or the deck of &
ship can each be regarded as & confined area.

«. Takeoffs and Landings. Takeofts and
landings should genevally be made into the
wind to obtain maximum airspeed with mini-
mum groundspeed. Situations may arise which
modify this general vule.

b. Turbulence. Turbulonce is defined as
smaller masses of air moving in any direction
contrary to that of the larger aivmass. Barriers
on the ground and the ground itself may inter-
fere with the smooth flow of air. This inter-
fovence is transmitted to upper air levels as
larger but less intenso disturbances. Therefore,
the greatest turbulonce usually is found at low
altitudes. Gusts are sudden variation in wind
velocity. Normally, gusts are dangerous coly
in slow flight at very low altitudes. The aviator
faay b unaware of the gust, and its cessation
may reduce airspeed below that required to
sustain flight, Gusts cannot be planned for or
anticipated. Turbulonce, howaver, can goneral-
1y be predicted, Turbulence will be found in the
following places when wind veloeity exceeds 9
knots:

(1) Near the ground on the downwind
side of treos, buildings, or hills. The
purbulent area is always relative in
size to that of the obstaclo, and rela-
tive in intensity to the velocity of the
wind (fig. 8.1).

GO sTI0A

(2) On the ground on the immediate up-
wind side of any salid bavrier such as.
leafy trees, buildings, ete. This condi-
tion is not generally dangerous unless:
the wind velocity is approximately 17
knots or higher.

(3) In the air, over and slightly down-
wind of any sizable barrier, such as &
hill.the size of the baryier and the
wind velocity determine the height Lo
which the turbulence extonds.

(4) At low altitudes on bright sunny days
near the barder of two dissimilar
types of ground, such as the edge of &
vamp or runway bordered by sod (figs.
6.2). This type of turbulence is causedt
by the upward and downward passage
of heated or cooled air.

6.2, Reconnaissance

A high and low reconnaissance should be con-
ducted prior to landing in an unfamiliar avea.

« High Reconnaissance. The purpose of &
high reconnaissance is to dotermine suitabilits
of the landing aves, locate bariers
‘mate their wind effect, select a point for touch~
down, aud plan the flightpath for approach andl
takeoff. Altitude and flight pattern for the high.
reconnaissance is governed by wind and terrain.
features, including availbility of forced-land-
ing areas. The reconnaissance should be low
enough to permit study of the general area, yet
ot 50 low that attention must be divided be-
fween studying the area and avoiding obstruc-
tions to fiight. 1t should be high cnough o af-—
ford a reasonable chance of making a successfuil
forced landing in an emergency, yet not so high,
that the proposed area cannot be studied ade-
quately.

6.
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b. Low Reconnaissance.

(1) Except when a running landing is

necessary, the low reconnaissance and
approach can often be conducted to-
gether. To accomplish this, the avia-
tor studics his approach path and the
immediate vicinity of his sclected
touchdown point as he approaches;
however, before loss of effective trans-
Tational lift, he must decide whether
the landing can be completed success-
fully, Never land in an area from
which a successful takeoff cannot be
‘made.
When & running landing is contem-
Dlated because of load or high density
altitude conditions, & “fy-by” type of
low reconnaissance is made. Airspeed
is adequate to maintain cffective
translational lift at an altitude suff-
cient to clear all obstacles and allow
the aviator to concentrate on tersain
features. The intended landing area
should be checked for obstacles and/or
obstructions in the approach path or
on the landing site; and the point of
intended touchdown must be selected.
Upon completion of the low veconnais-
sance, altitude is regained and the ap-
proach and landing executed accord-
ing to plan

6.3. Pinnacle and Ridgeline Operations

A pinnacle is an area from which the ground
drops away steeply on all sides. A ridgeline is &
long avea from which the ground drops away
steeply on one or two sides, such as  bluff or
‘precipice. The absence of pinnacle barriers does
Dot necessarily lessen the diffculty of pinnacke
cperations (fig. 6.8). Updrafts, downdrafts,
and turbulence may still present extreme haz-
avds, together with the lack of suitable area in
which to make a forced landing.

a. The climb to a pinnacle or ridgeline is cx-
ecuted on the windward side of the ares, when
Dracticable, to take advantage of any updrafts
(A, fig. 6.8).

b. Load, altitude, wind conditions, and ter-
rain featuvos dotermine the angle to use in the

GO 810A.
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:’!nnl part of an aproach to a pinnacle or vidge-
line.

¢. Approach flightpath is usually parallel to
a ridgeline and as nearly into the wind as
possible.

Caution: Remain clear of downdrafts on the
leeward or downwind side (B, fig. 6.3). If wind
veloclty makes crosswind landing hazardous,
‘make a low coordinated turn into the wind just
prior to landing.

d. Tn approaching a pinnacle, avoid leeward
turbulence and keep the helicopter within reach
of a foreed landing avea as long as practicable.

¢. Since a pinnacle is higher than immediate
surrounding terrain, gaining airspeed on take-
off is more important than gaining altitude. The
airspeed gained will cause a more vapid depar-
ture from the slopes of the pinnacle. In addi-
tion to covering unsafe ground quickly, a high-
er airspeed affords a more favorable glide angle
and thus contributes to the chances of reaching:
& safe area in the event of forced landing. If no.
suitable avea is available, a higher airspeed will
permit the aviator to execute a flare and de-
crease forward speed prior fo autorotative
landing.

64, Operation Over Barrors

« In entering an area where obstructions
interrupt smooth windflow, turbulence and ad-
jacent regions of calm air near the ground must
e considered. In determining the suitability of
the area, allowance must be made for abrupt
variations of lift often encountered under these
conditions.

. Proper planning of the approach over &
barrier should include evaluation of existing
wind conditions, availability of forced landing
areas near the approach youte, and relative
height of the obstacle to be cleared. It may
often be advantageous to ‘make o crosswind ap-
proach and/or landing.

¢. Point-of-touchdown should be as far be-
yond the barrier as practicable to insure
against the approach hecoming too steep. The
final stages of the approach, ‘Thowever, should be
conducted short of downdrafts and turbulence
which may be encountered at the far end of the
area.
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st bo kept as shallow as bavrier clearance
1 permit. Clearing o bavrier by a narraw
gin with. veserve power is better than clear-
£t by & wide margin using maximum power.

i, Slope Operations

1. When & helicopter Is resting on a slope,

2 votor mast is perpendicular o the inclined

eface. However, assuming zero wind condi-

ns, the plane of the main rotor parallels the

12 horizontal for vertical takeoft or landing,

d thus is tilted with respect to the mast.

rclic control available for this kit is limited

tho OH-13, for example, by the swash plate
justment. Maximam travel of the swash

ate (OH~18) is approximately 8° forward, 7

t, and 614° laterally. The rotor hits its static
ops at about a 7° flap, but dynamic stop cables
srmally prevent static-stop engagement by de-

casing effective cyclic control at approximate-

5° of flup. A slope of 5° (about 8 fect of vise

100 feet of run) is considered maximum for
smal operation of most helicopters.

b. The approach to a slope is not materially
{fforent from the approach o any other land-
\r area. Allowance must be made for wind,
arriors, and forced-landing sites. Since the
ope may constitute an obstruction o wind
nssage, turbulence and downdrafts must be
nticipated.

o. 1f a helicopter is equipped with wheel-type
nding gear, brakes must be set prior to mak-
ag & landing. The landing is then usually made
eading wpslope (par. 6.87). With skid-type
“ear, slope landings should be made cross-slope.
“his type landing requires a delicate and posi-
ive control touch. The helicopter must be Jows
wed from the brue vertical by placing the uphill
id on the ground first, The dowmhill skid is
hen lowened gently to the ground. Corvective
yelic contral is applied simultancously to keep
e helicopter on the landing point. Normal
Spevating rpm is maintained unti the Janding
o omplated. If the aviator runs out of evelic
Somtrol befor the downhill skid i frmly on the
avound, the slope is too steep and the landing
attempt should be discontinued.

4. Landing downhill (g, 6.4) is not reccin

monded awith single main votor type helicopters

AGO sTI0A
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because of the possibility of striking the tail
rotar on the ground.

¢. 1f an uphill landing (fig. 6.1) is necessary,
landing too near the bottom of the slope may
cause the tail rotor to strike the ground.

7. o takeoff from & slope, move cyclic con-
trol toward the slope and slowly add collective
piteh. The downhill skid must first be raised to
place the helicopter in a level attitude before
Tifting it vertically to & hover.

6.6, General Precautions

Certain general vules apply to operations in
any type of confined avea (inclosed, slope, or
pinnacle). Some of the more importaut of these
rules are—

« Know wind direction and approximate
velocity at all times. Plan landings and takeoffs
with this knowledge in mind.

b. Plan the fightpath, both for approach and
falceoff, 50 s to take maximum advantage of
forced-landing avess.

¢. Operate the helicopter as near to its nor-
mal capabilities as the situation allows. The
angle of descent should be 1o steeper than that
Recessary to dlear existing barriers and to land
on a presclected spot. Angle of climb in takeoff
e no steeper than that necessary to
clear all barriers in the takeoff path.

0. 1f low hovering I not made hazardous by
the terrain, to minimize the effect of turbulence
and to conserve power, the helicopter should be
hovered at a lower alti norm
in & confined area, High grass or weeds will
deerease efficieney of the ground effect; but
hovering low or taking off from the ground will
partilly compensate for this loss of ground
effect.

+. Make every landing to a specific point, not
mevely into a general avea, The more confinc
the avea, the more cssential that the helicopter
be Janded preciscly upon a defiuite point. The
Tending point must be kept in sight during the
fnal approsch, puticularly during the wore
critical final phase.

. Cansidenation should be given to increnses
iniervain clevation betwaen the point of orig-
inal takeoff and subsequent avens of operation,
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CHAPTER 7
NIGHT FLYING

7.1, Preflight Inspection

Since defects easily detected in daylight will
often escape attention at night, a night pre-
fight inspection must be especially precise and
complete. A flashlight is used for the inspection
if no better illumination is available. Night
inspection is identical to daylight inspection
except that special cmphasis is given to the in-
spection of position lights, landing lights, cock-
pit lights, and instrument lights, When avail-
able, an auxiliary power unit (APU) is used fo
start the engine. The preflight is carried out as
Tollows:

4. Turn on position lights before starting en-
gine. Keep these lights on while the engine is
operating, until the rotor has stopped and been
secured at the end of the flight, If the helicopter
must be parked in the landing avea, leave the
position lights ON as a warning to other air-
cuaft operating in the avea. Check position
lghts,  frquently . durng - hliespr night
operati

b Ad,m the landing light to obtain the best
results for the maneuver to be performed. The
landing light is used for most helicopter opera-
tions at altitudes below approximately 200 feet.
A temporary reduction in night vision will be
noticeable when the landing light is turned off.
Use the light with discrimination in haze or
fog; its effect is considerably reduced by re-
flection,

Warning: Use care when operating the land-
ing light in areas where other helicopters are
operating. The light may temporarily blind
another aviator If pointed directly at him.

7.2. Hovering Techniquo

The landing light beam provides an adequate-
ly lighted area in front of the helicopter for
drift reference and for observing obstructions
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during hovering. During the initial portion of
night checkout, a temiency for the helicopter to
drift, and difficulty in maintaining divectional
control amd. hovering ltitude, will be notieed.
These cireumstances vequire additional atten-
tion, as follows:

a. Nommally conduct hovering with the land-
ing light ON. However, a more cxperienced
helicopter aviator can hover the OT-13 in the
illumination provided by the position lights.
The lighting, though not bright, is sufficient if
the hover is kept below 5 feet. Determination of
groundspeed and drift is difficult in the dimmex
light, but experience and practice will add to
visual skill. Avoid staring at any fixed point to
prevent vertigo. (See chapter 8, TM 1-215, for
& detailed discussion of vertigo.)

b, Cross-check frequently with two or more
outside reference points, Night landings from
a hover are like their companion daylight land-
ings, except that greater caution is required to
prevent the helicopter from drifting.

7.3. Takeoff Technique

Before executing a night takeoff, select dis
tant reference points to aid in maintaining th
proposed flightpath duxing the climb. Use nor
‘mal takeoff procedures whenever possible. U
“the landing light except for “light failure” dex
onstrations. Anticipate temporary loss of nign
vision when the light is turned off. Pay special
attention to airspeed and altimeter readings
during all night operations.

7.4. Approach Technique

@. Use the normal approach at night, eon-
ducting the last 100 feet of the approach at a
slightly reduced airspeed and rate of descent to
obtain a time safety margin in which actual al-
titude above the ground can be determined if

7.1
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¢. An aviator may experience difficulty in
properly executing the approach, for the fol-
lowing reasons:

(1) Overshooting the landing point be-
cause of failure to reduce the rate of
descent and forward airspeed.
Undershooting the landing point be-
cause of reduction in airspeed too
quickly and failure to compensate
with collective piteh to check the rate
of descent. As a result, the helicopter
settles almost vertically.

Staring at the approach light too long,
causing loss of perspective, and conse-
quently, becoming disoriented.

7.5. Autorotations

Night autorotations are performed in exact-
ly the same manner as those in daylight (ch.5),
but greater concentration is required of t
aviator. The landing light should he turned on
about 200 feet above the ground. Eyes must be
Kept in motion. Drifi corrections must not be
neglected by concentrating teo intently on ap-
plying piteh. Proper perspective must be re-
tained at all times.

7.6. Poor Visibility

Discretion must be used in deciding whethor
or not to make flights under poor visibility con-
ditions. 7 during a flight the horizon becomes
invisiblo, flight will probably be hazardous but
may be continued if necessary and if sufficient
ground lights are available as reference points.
I the hovizon is not visible before takeoff, the
flight should not be attempted. Helicopters that
lack instrument flying equipment require coni-
stant outside visual reference to maintain prop-
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cr fuselage attitude. Low altitude and contour
flights may be flown with the landing light ON
and adjusted to the best possible angle.

7.7. Forced Landings

Every attempt should be made to become fa-
miliar with the terrain over which night flights
e made. If an emergency autorotative landing
is necessary, normal daylight procedure is fol
Towed, using the kanding light during the latter
phase of the descent to observe obstructions and
seleet a landing area. In night antorotation,
prescribed airspeed is maintained until terrain
detail becomes discernible, to afford some choice
of landing point. Excessive nose-high attitude,
as in a fare, with the landing light set at or
near 6° will result in temporary loss of ground
vefevence

7.8. Crosswind Considerations

Wheu possible, takeoffs and approaches are
made generally into the wind; however, they
must occasionally be made crosswind. Proce-
dures for crosswind takeoffs and approaches
are as follows:

«. During the initin) portion of the takeoff,
Keep the fuselage aligned with the ground
track, Once the climb has been established, crab
the helicopter into the wind.

b, Use cral and/or slip during early stages
of the crosswind approach. During the final
singe of anproach, use slip oy Lo align the
fuselage with the ground track. This places the
helicopter in a more advantageous position in
the event of a forced landing, and affords better
view of the landing area. Ciabbing at low alti-
tude and aivspeed may render a successful
forced landing difficult or even impossible.
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CHAPTER 8
PRECAUTIONARY MEASURES AND CRITICAL CONDITIONS

. General Precautionary Rules

Because of its unique flight characteristics, a
helicopter is capable of many mi other
aireraft can perform. A helicopter aviator
must, however, realize the hazards involved in
helicopter flight and know how to apply p
cavtions which might snve the helicopter or
even his life. He should—

«. Always check ballast prior to fiying.

b, Assure that any object placed in the cock-
Dit of a helicopter is well seeured to prevent
fouling of the controls.

c. Caution approaching or departing passen-
gors of main rotor/tail rotor dangers at all
times during ground operations, especially on
slopes or uneven terrain. Personnel carrying
long objects such as pipe, wood, tripods, ete.,
should not be allowed to approach a helicopter
whse rotor blades are turning, hecause of the
danger of these objects striking the rotor
blades.

d. Always taxi slowly.

c. Maintain proper xpm when taxiing.

£, Always hover for a moment before begin-
ning a new flight.

g. Avoid hovering above 10 feet (see height
velocity diagram in operator’s handbook) .

. Be especially caveful to maintain proper
¥pm when practicing hovering turns, sideward
fight, and similar low airspeed maneuvers.

4. Use caution when hovering on the lee side
of buildings or obatructions.

5. Never check magnetos in flight.

k. Use cantion when adjusting mixture in
1l ght‘

L. Develop and use a constant cross-check for
curbindon “béat, presiares, temparstare, and
fuol quantity.

AGO #rT0A

m. Never perform acrobatic maneuvers.

. When-flying in vough, gusty air, use spe-
cial care to maintain proper rpm.

0. Always clear the area overhead, ahead, to
cach side, and below before enteving practice
autorotations.

. Avoid engine overspeeding beyond the
manufacturer” mendations. This limit
is usually several hundred rpm over the red
line. 1f excoeded, an engine inspection is re-
quired to determine damage and, in some cases,
the engine must be replaced.

4. Avoid low level flight and contour flying,
excapt to meet mission requirements.

8.2, Rotor Rpm Operating Limits

Limits of rotor rpm vary with each type of
helicopter. In general, the lower limit is deter-
mined primarily by the control characteristics
of the helicopter during autorotation. Since the
tail rotor is driven by the main rotor, a mini-
mum rotor rpm exists at which tail rotor thrust.
is insufficient for proper control. For example,
flight tests in the OH-13 disclose this minimum
to be at 260 rpm, so that a safety factor of 110
percent of 260 (286 rpm) is set as minimum
pm. The upper limit of 360 rpm (OH-13) is
based upon both autorotative characteristics
and strength of the rotor system, and is the re-
sult of structural failure tests plus an adequate
margin required by FAA safety standards. .

8.3. Engine Rpm Operating Limits

a. Engine rpm limits are based on the power-
on operation of the helicopter. Maximum engine
pm is established by the engine manufacturer
and substantiated by FAA-type tests which re-
veal the ypm at which engine performance is
considered most efficient while driving a rotor
system at its design rpm. Minimum engine rpm
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. A helicopter should ot be loaded so as to
causo an extreme tail-low attitude when taking
Off to a hover. Aft center of gravity is dan-
gevous while hovering and even more danger-
ous while in flight because of limited forward
travel of the cyclic stick.

¢. Heavy londing forward of the centor of
gravity should be avoided. Limited aft travel
of the cyclic stick results, endangering con-
trollability.

d. Extreme nose-low attitude should be
avoided when executing & normal takeoff. Such
an attitude may require more power than the
engine can deliver and will allow the helicopter
to settle to the ground in an unsafe landing at-
titude. In the event of a foreed landing, only
2 compmuvely lovel attitude can assure a safe
touchdown.

e. Rearward cyclic control should never be
abruptly applied. The violent backward-pitch-
ing action of the rotor disc may cause the main
votor blades to flex downward into the tail
boom.

f. Large or unnecessary movements of the
cyelic control should be avoided while at a
hover. Such movements of the cyclic control
can cause sufficient loss of lift, under certain
conditions, to make the helicopter inadvertently
settle to the ground.

. When executing 300° hovering turns in
winds of 13 knots or more, the tail of the heli-
copter will rise when the downwind portion of
the turn is veached. When this happens, if the
rear cyclic control limit is exceeded, the holi-
copter will accelerate forward, and a landing
must be made immediately.

8.7. High Speed Autorotations
‘When entering autorotations at high air-
speeds, the nose pitches upward after collective
piteh is lowered. With an aft center of gravity,
this condition can become critical by having
insufficient forward cyclic control to effect a

eyelic_control, a
ecuted with & Simultaneous veduction of col-
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lectlve piteh, The pitch should be in the FULL
JWN position as the flare is completed at
best glide airspeed.

8.8. Opemhons With Rgducsd VmbMy
d Low Ceiling Conditi

By reduumg speed to the hmns of visibility,
and remaining in ofective translational lift so
that a rapid deceleration may be exceuted if
an obstacle appears in the flightpath, flight can
be continued until ceiling and visibility ap-
proach zero. The aviator must, howover, be
aware of the hazards of downwind flight at low
altitudes under these conditions. Whenever
further flight appears hazardous, an aviator
can oxecute a landing (vertical if necessary)
and remain on the ground until further flight is
possibla

Not. strument qualified_aviator in a properly
couingud hliactee was voceive 8 Seranes . con.
tinue the fight under actual instrument conditions.

8.9. Operations in Precipitation

a. Rain and Snow. Light rain and snow
have comparatively little effect on the helicop-
ter and flight can usually be continued. How-
ever, heavy rain and snow have an abrasive
effect on the rotor blades and flight should be
discontinued during heavy rain or snow.

b, Hail. Hail, the most serious type of pro-
cipitation from an abrasive standpoint, should
be avoided by skirting weather areas whero
hail is likely. If hail is encountered during
flight, a landing should be made as s00n as pos-
sible and the helicopter inspected for damage.

¢. Freesing Rain.

(1) Froezing rain is the most dangerous
typo of precipitation encountercd. Ice
quickly forms on the bubble, and com-
plete loss of vision through the bubble
can be expocted as the ico thickens.
By looking to the side or jottisoning
the door, the aviator may vetain
enaugh visibility to effcet a safe lnd-
ing.

Warning: _ An aviator should never
stare through a bubble on which ice
is forming; a loss of sence of direction
and movement may result.

83
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(2) Density altitude. Density altitude is
pressure altitude corvected for tem-
perature (app. IV). Increased density
altitude_indicates less dense air and
results in reduced lift, Density alti-
tude increases with increased tempar-
ature; and temperature changes may
vary density altitude at a particular
geographic elevation by several thou-
sand feet during a day. For example,
high altitude tests at an airfield with
an elevation of 6,820 feet showed that
density altitude varied during the day
£rom 8,600 to 7,000 feet,

Load. When operating under high
density altitude conditions, the heli-
copter performs less eficiently and
loads must be reduced.

b. Effect of Altitude on Instrument Read-
ings, The thinner air of higher altitudes causes
the airspeed indicator to read low. True air-
speed may be roughly computed by adding 2

e indicated airspeed for each 1,000
feet of altitude above sea level, For example,
an indicated airspeed of 100 miles per hour at
10,000 Zeet will be a true airspeed of 120 miles
per hour. A more accurate computation may
be made by using the EGB computer. Manifold
pressure is reduced approximately 1 inch for
each 1,000 feet of increase in altitude, It an
engine can maintain 29 inches of manifold
pressure at sea level, only 19 inches would be
available at 10,000 feet,

c. High Altitude Flight Technique. Of the
three major factors limiting helicopter per-
formance at high altitude (o Abﬂve), only load
may be controlled by the aviator. At the ex-
pease of range, smaller amounts ot el may be
carried to improve performance or increase
useful load. The weight and balance aireraft
records should be consulted to insure eficient
loading. Where practical, running landings

A0 s1n
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and takeoffs could be used. Favorable wind
conditions are helpful, with landings and take-
offs directly into the wind if possible. In moun-
tainous tevrain, fight should be on the upwind
side of slopes to take advantage of updrafts.
When landing on ridges, the safest approach is
usually made lengthwise of the ridge, fying
near the upwind edge to avoid possible down-
drats and to be in position to autorotate down
the upwind side of the slope in case of foreed
lending. Using the updraft in this mauner re-
sults in lower rate of descent, improved glide
ratio, and greater chaice of a landing aren.

d. Operations Over Tall Grass. Tall grass
disrupts airflow and disturbs normal down-
wash angle with two results : the induced rotor
drag is increased and the rotor airflow pattern
s changed. More power will be required to
hover, and takeoff may be very difficult. Be-
fore attempting to hover over tall grass, make
sure that at least 2 or 3 inches more manifold
pressure are availble than are required to
hover over normal terrain.

e. Operations Over Water. Altitude is difi-
cult to determine when operating over water
with a smooth or glassy surface. Thus, cau-
tion must be exercised to prevent the helicapter
from inadvertently striking the water or rom
“landing” several feet above the surface. This
problem does not exist over rough water but &
wery rough water surface may disperse the
“ground” effcct and thereby require more
power to hover. Movements of the water sur-
tace, wind ripples, waves, current flow, or even
agitation by the helicopter’s own rotor wash
fend o give the aviator a false feeling of heli-
copter movement. The aviator should avoid
staving at the water; he can remain oriented
by frequent reference to objects in the water
such as ships, buays, floating debris, or objects
ona distant shoveline.
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CHAPTER 9
FORMATION FLYING

Section I

9.1. Introduction

a. Formation fiying is the grouping of air-
craft in a flight pattern arvanged for a specific
purpose. The aircraft involved must be able
to take off and rendezvous quickly, and must
follow preseribed procedures to enter the land-
ing paitern, execute the breakup, and land
quickly.

b. Aviators undergoing training in forma-
tion flying must be fully aware of the respon:
Dility and vigilance required. Though forma-
tion flying generally is not dangerous, any
aspect of this training can be dangerous if
principles ave violated.

©. Normal terminology derived from airplane
formation fiying is applied to helicopter forma-
tion flying to the extent practicable.

9.2. Formation Factors

Two ox more helicopters, holding positions
relative to cach other and under the command
of a designated aviator, constitute a formation.
Tmportant factovs in determining the best for-
‘mation are—

«. Objectives of the mission.

b, Simplicity to permit easy control, facili-
tate fight discipline, and afford reconnaissance
efficiency.

c. Flexibility to meet different situations,
and ability to quickly close up to fill vacancies.

. Mutual support and maxinum protection.

. Maneuverability for evasive tactics.

#. Provisions for rapid development of com-
bined offensive and defensive power.

AGO s7I0A
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9.3, Free Cruise (Day)

4. When aviators are required to fiy & fixed
position in a formation that cannot be frecy
vavied in turns, excessive power changres are
required fo maintain position, Such ~power
changes result in greatly increased fuel con-
sumption, pilot fatigue, ete. In a 3-plane se-
tion V-formation and a G-plane column Of Vees
Formation, the established position of the wing-
men and second section leader remains fixed,
even in step vight or left turns, The only way
the wingmen can maintain their rigidly defined
positions is to increase power if they are on the
outside of a turn, and to deerease power if they
are on the inside of a turn.

b. In a 2-plane section the position of the
\wingman is not as rigidly established sus in a
8-plane section. The wingman has the pr-exoga-
tive in & steep turn to freely move from a po-
sition 45° astern on one side of the seetion
leader to 2 position 45° astern on the  other
side. Such a prerogative is called “free exuise”
It allows the wingman to maintain ‘“pPosition”
with an established power setting by matching
his rlative speed with that of the leadea~. The
wingman’s relative speed is less than that of
the section leader when the wingman i on.the
outside of a turn, and greater than that of the
section leader when the wingman in omn the
iuside of a turn. To equalize the relative speed
differential without power change, the ving-
man slides to the outside of a turn when his
relative speed is greater than that of the sec-
tion leader, and to the inside of a turn when his
relative speed is less than that of the section
leader.

9.1
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B-plane saqtioy V-tormation, ggq g
ure 9,2,

. Flights,
@) Tactioar 4.z, Hight, The g,
fight, compogeq gy

W0 2-plang gey
tons, is the pegs tactical formayigy
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X

Pigure 0.8, Phrec-plana acetion V-formation.
1t is 0 compuet, {luid, meneuverable A-TACTICAL HEAVY RigHT X

formution able to doploy as the situn-
tion demmnds, In this formation, the
lender of the seeond soction fies 5°
astern of the flight lendor, 1 o & feot
above the (light leader, and opposite
the side of the wingman of the flight
leader,  Spacing bebw e on sections
should ho suflcient to permit the
wingman of Uho fight leader to move
from or to cither cchelon position
without danger. Figure A, 9.3 shows

the flight with the second section on
igure B,

the right (heavy right). I
0.3 uhows the second section on the
left (honvy left).

Sizplane flight. This Bight is com-

posed of two S-plune sections. The

bagie formatlon of tho 6-plane flight is

u columu of Yeos (fig. 9.4). The sec-

ond B-plane section s behind and >Y<

E

above th first soction, ‘Tho distanco £ TACTICAL HEAVY LEFT
botwean sectlons should bo suflcient

to allow a wingman of the flxst scetion Fipers 85, Four sl fight formatis
t move from V-formation to cchelon e 0. Pourplne Jight jornatin.
formation without danger. The 6- . Responsibilities of Section and Flight

plane fight is seldom used for tnetienl  Leuders. Seotion and/or fight leaders are re-
employment but may bo used for ad-  sponsible for—

ministrative vesupply, It should not. (1) Maintaining smooth flight.

bo used when operating from helicop- (2) Mlntaining corvect formation posi-

for carviors excopt undor e concl D e sastion o ne fight
e s ot 5

tions, such as whon the cavrier Jeader must be prepared to assume the

nchor and flight oporations have be- [
Pt “Send” pasiton when requve.
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Fiwre 5.4, Sieping O Of Vees formagigy,

(3) Specia)
ties, CoOmMunication,
Dlicable c xu:

nstructiong concerning gqo.

'S and plang g,
mwsmn Pmlhght
I be proge

ri
complete, covering gy, Aviator's gp.
ific dutje mspuna!bmhes, and
f action, Hueﬁng will in.
ot be I

(@) Migsion Numbey,
mems call sign,

Telicoptey assign.
BN, and flighy Dos;

©) Tyve o migiey,
Tuel voseryeg gy

(€) Tlight chyjyy o COmmANg (alterygty
fight leader),

(@) Time to geapq neine, taeof, .
up, and time oy n target,

(€) Routes,

desmmimx, ang
Maintaineg,

ten'mu, Seographic gy,
settings (.

oy ower

bound angq uuth ind).

) Anticipf td
tomz

endezyo,
) Dmenguncy procedures, iugygiyy
downed aviagey pron tocedize, egey,
and alternate feigs ¢,

And evasion,

(i) szgﬂtlalw] #ids, vescue faciie,
.'mdmdmptoced wres,

(9) Briefing DS being trangpey,

cnncemmg emergency pwr&

€5, life vests, Jify 1q, fts,

egulations, Sberation of survy

€quipment,

9.5. Tww-Plane

ction
section Jende.
the tanawm hm

9.5).
utmn by th
fmm side to side. Oy
the nurnhu two

1 8ives the compmyng
!y rockmg lm hellunplel
© command of g, execution,
\unznum execut £ X085 over” ig hig g
ton iy sectmn left, ech lon formation, 1y
move fyoy, right echelon is per.
formed in 4 gipgijon may nnm, except that the
section ]e«dm"s copilot gives the hanq a!gn'
and Glides,

the in, g-mnn- | Teavired por
changog meheldeun minimy;

Ago stk



a2
Figura 0.5, Signal for saction sclelon formation.

¢. Column Formation. Tn a column forma-
tion (fig. 9.6) the wingman, directly hehind
the section leader, is separated by two to four
helicopter lengths and stepped up 1 to 8 feet
above the lead helicopter, To signal a column
formation, the section leader swishes the tail
of his helicopter £rom side to side. The wing-

|
H
]
|
|
|
!
1
!
{p—
!
H
i
|
i
\
i
i

ooy 2 ko e —
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‘man remains at the same altitude and heading,

but reduces airspeed slightly to increase the

distance between helicopters. When this dis-

tance is from two to four helicopter lengths,

the wingman moves to a column position di-

rectly behind the section leader. When the sec-

tion Jeader desires his wingman to join up, he

rodis s Dellopter wp and down (neseup,

nose-down positions). This rocking act

‘pears as small climbs and descents to the wi

‘man, who reverses the process used in fmmmg

the column position, and thus returns to his

‘previous echelon position.
d. Formation Breakup.

[¢}] \‘v’hen the sechol\ leader desires fto

ation breakup, he

s hia wingman m cchelon form-

tion on the side opposite from which

he will break. After rocking his heli-

copter from side to side to indicate he

inends to break away, he executes

90° to 180° turn away from the wing-

man. When fiying a light helicopter,

the wingman waits 5 to 10 seconds

and turms to follow the section leader.

“The time interval of 5 to 10 scconds
separates the helicopters by 300 t

500 feet and provides proper apncing

for carrier landings or for practice of

the rendezvous and joinup (e below).

h
i
|
1
1
'
h
i
|
i
i
i
h
|
|
i
1
1
i

Pigure 9.6, Two-plane section cobunun formation
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(2) Normally, longitudinal scparation be-
the section lcader and thé wing-

man, after they have exccuted a
Tormation breakup, is ot more than
5 to 16 seconds. The procedure for
endezvous and joinup of helicopters
described above uses a 10-secon
Jongitudinal sepination between heli-
copters. (fig. 9.7). The same pro-
cedures can’ be used when the
longitudinal sepavations between heli-
copters ave 1 minute ov more (fig.
9 The wingman, upon veceiving
instructions to exceute a left vendez-
vous and joinup, continues on_his
original course until the section
leader, in the process of his standard

Figure 0.6, Two-plane ection rendezoes and Joinp

procedure with eparation of 1 minite or wore betweer
helicopters.

AGo w0
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vate left turn, bears 45° to the left.
(Since the separation between heli-
copters is 1 minute or more, the see-
tion leader will nearly complete ov will
complete a 180° left turn hefore he
venches a position that bears 15° from
the wingman.) At this position, the
wingman exeentes the procedure to
vendezvous the joinup.

7. Chunge of Leader, When the seetion leader
Jesives to pass the leadership responsibilitics of
{he section to the wingman, he places the wing-
man in either left or vight cchelon formation,

< his head, and points to the wingman. This
significs that he is passing the “lead” to the
\vingman. The seetion leader then moves sev-
eval helicopter lengths away from his wingman.
A4 this point, keeping his eyes on the wingni,
he reduces speed slightly, moves to the echelon
pesition, and hecomes the wingman.

4. Radio «nd Hand Signal Communiention.

Tither radio or hand signal communications
may he used dming section tacties. However,
hand signals cannot be used effectively in

Fective;
CH-37 type helicopters due to (e lucation
amd size of the engine nacelles. Other visual
igmals such ag swishing the tail assembly of
the helicopter are sometimes difficult to inter-
prot while using the CH-37. Well-planned
opetions and detailed briefings by the fight
Jouders tend to minimize radio transmissions.

9.6. Three-Plane [Section) Tactics
Section tact'cs should be practiced until the
seetion tender and the bwo winganen are profi-
cient in the following maneuvers

. Right and Left Echelon. To forn
echelon formation from a V-formatiol
Yo Jeader signals the number b
Geatribed in paragraph 950, On the command
of esecution, the number two wingman reduces.
speed slightly until the scetion leader and num-
Ser thres wingman have moverl ahead by
Jetst onie helicopter length. Then the number
o wingman crosses over to his position in
Section vight cchelon formtion (fie. 9.9). To
return to 2 y-formation from & cht echelon
Tormation, the section Tealer signals the muni-
b three tingman, who passes the signal on to

LX)



two wingman. (The hand slgn;\:
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echelon formation from tactical heay

left formation, the fight !enderhg!iv‘g
the proper hand signal (fig. 9.10) to
the second section leader, The fight
leader then gives the command of exe-
cution (rocks his helicopter from side
o side). The leader of the second sec-
ti6n then moves his section into fight
vight echelon formation (fig. 9.11).

LIGHT LEADER HOLDS UP ARM. AND HAND AND
VES ARM UP AND BOWN TO INDICATE HEIS
SNALING TO SECOND SECTION LEADER.
Pigure 0.10. Signal for flight echelon.
right formation to left
xecute this formation,
reverse the procedure in (1) above
Tactical heavy right formation to
right echelon. To pluce the flight into
the flight

(2) Tactical heavy
echelon. To e

z

echelon position. The second section
then moves into position and eom-
pletes the formation.

Tactical heavy left formation to left
echelon. To execute this formation,
veverse the procedure in (8) above.
rms, Climbs, and Glides. The flight

During turns of
0° or more, the second scetion is ot restricted

0 w770k
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X
X

P—————— RO

AU AFPRORBTEY 5 R T LEKAR TIEDSTCE ETEEN

EACH ELGOPTER 1314 ROTOR DAFETERS

Figure 041, Four-plane fight right ccelon forniation.
o fiying a fixed position of heavy right or heavy
Joft position on the flight lender. If the second
section is in & heavy right position at tite start
o 5 90° or mote right tum, the reltive

of this section to the fight leader

E However, as the tum progresses, the
e ative speed of the second section will in-
trense because the second section is on he in-

n

$ide of the turn, Therefore, the second seetion
ill, as the increase in relative specd becormes
apparent, move from the heavy vight position
D asition with adequate spacing (g 912)
Ihind the flight leader. This is known 1s “free
ebiae." T this position, the relative speed of
the second section leader will be the same B8
ot of the fight leader. Comversels, i
socond section were flying in the hea
Sition at the start of n 90° or mure 1ig]
5t would also move to a position behind the
flight leader. At the complation of the s, the
O d section cun return o its original posi-
Hon T steep turns, the second section leader
nay, i consideration for his winkman, Mot
Trom heavy vight to heay left position every

95
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Flowre .15, Poxr-plane fight formatip, s of 90° 1o 1500,

 Chinge of Leader, The change of leager
¥ vither section within  4.plane flight may be.
 as set forth jn Paragraph 9,57,
Hight leader is changeg fy- fha fivst.

ol TTmation Breakyy, breakup fop 5
Pight can bo oxpeypeq g

the 1,
evhielon Tormation ang iy performeg fy

“ die e same.
et a8 section Lreakap (et 9.5d). The
only difference g oy o are four helieopgarg
iz two,

7o Rendezvous gng 0D f Heligopggy,,
€1 When the figh; g desires tg yep,
Seavous and jopy gy 00 flight (fig,
1), He rocky i, helieopter up gng

210

down(nose-up, noso-down Dositions)
o signal the aviators in the afhor e
copters of the impongi;

The flight lendor then

0° sta e turn in the

desived divection (1o the lofk o to the
Hght). Thus, to exeeute Toft rendez-
pous and foinup, the flight leader will
turn to the Jogy, The number two helj.
CoPter continues o its oviginnl course
[ntil the fight oqy (numbar ong

Ao srm0n



of his helicopter is approximately 45°
ahead of the flight leader. This places
the flight leader to the right. The num-
ber two wingman maintains this rela-
tive bearing until the result of the
relative motion of his helicopter places
him within 200 fect laterally to the
Jeft of his intended position in the for-
mation. The wingman then stops his
rate of closure for a moment and
“erosses over” to his position in the
formation (number three position or
right echelon of the flight leader).
(2) When the socond section leader (num-
ber three helicopter) roceives instruc-

™ 1-260

tions from the flight leader to exccute
a left rendezvous and joinup, he con-
tinues on his original course until the
flight leador has veached a position
45° to the left of him. (If the vendez-
vous and joinup procedure is properly
executed, the number two wingman
will also be approximately on a 457
bearing from the number three heli-
copter.) The second section leader
then starts a turn toward the flight
leader and continues the turn until the
nose of his helicopter is approximately
45° ahead of the fiight leader, This
places the flight leader to the right.

Ey

30 SECOND POSITION
OF 10,1 HELICOPTER

45 SECOND FOSTION

OF NO.LNO.2AND
15 SECOND POSITION

OF NO.1 HELICOPTER

¢ 15 SECOND POSITION
0F NO.2 HELICOSTER

> 20 SECOND POSITION
OF NO.3HELICOPTER

POSITION OF NO.1HELICOPTER

(I e s o eoezious

JOINUP OF ALL HELICORTERS NOTE: NO.3 HELICOSTER % 30 SECOND POSITION

1S COMPLETED N 60 SECONS,

SHOULD COMPLETE JONUP OF NO.4 HELICOPTER
N 45 SECONDS AND NO.4

HELICOPTER SHOULD POSITION OF NO.2
COMPLETE JOINUP 1N 60 HELICOPTER AT THE
SECONDS OR AT THE. START OF KENDEZYOUS

COMPLETION OF THE (10 SECONDS BEHIND NOJH

Figure 0.5, Pour-plane flight formation rendesoous and joip procedure with
"separation of 10 seconds between helicopters.
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the flight elements remain in visual contact
with each other if possible. The flight leader
makes no radical turns or speed changes and
performs a 180° formation turn out of the IFR
condition. However, if the helicapters in for-
mation (fig. 9.15) cannot maintain visual con-
tact with ore s another, the procedure given be-

Tow s folloy
. vnm apeations should ot be eonducted
below 800 feet and visibility is below 2

(1) The flight leader continues straight
ahead and reports his magnetic head-
ing and altitude.

(2) The number two wingman executes a
30° turn away from the flight leader,
and climbs 100 feet.

(3) The second section leader (the num-
ber three man) executes a 30° twrn
away from the first section or flight
leader, and climbs 200 feet. This turn

SECOND SECTION LEADER
'30° AND GLIMBS 200 FEET

PHUCEDURES TO FOLLOW WHEN A FLIGHT OF HELICOPTERS

turn of the number two wi

™ 1-260

is always in opposite direction to the

ngman.

The number four wingman of the sec-
ond section executes a 60° turn away

number two

WITH ONE ANOTHER.

and climbs

After all helicopters have completed
the initial breakaway
climbed to the assigned altitude, they
fly a straight course for 80 s

The flight leader then announces over
the radio, “Number two and four heli-
copters, complete the 180° turn.” The

and four helicopters ac-

knowledge the communication, and
continue their turn until they have

completed a_180°

turn

from  the

original heading of the formation.
After ordering the aviators of the
number tuo and number four helicop-
texs to “complete the 180° tum,” the

FUGHT LEADER

!
|
|
i

Figuro 0.16. Four-plane fight formation wnder instranent conditions.

AGo sroA
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30
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ENTERS 1FR AND CANNOT MAINTAIN VISUAL CONTACT
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Tx o Tx
® ®

3d STEP
2d SECTION FORMS RIGHT
ECHELON FORMATION

4th STEP

2d SECTION CLOSES UP THE
INTERVAL PROPERLY AND
COMPLETES THE FLIGHT

®
* RIGHT ECHELON FORMATION
®

X ? X
® Z( ® >Y<
X o X sl ©

® ® 2d SECTION MOVES TO THE
RIGHT AND REAR OF THE
15t S NO.2 WINGMAN

NO.2 W\NGMAN MOVES TO
RIGHT ECHELON FORMATION

®
@ *
AND 2d SECTION
INCREASES INTERVAL >t< ®

COLUMN OF VEES FORMATION
Figure 0,16, Siz-plane flight right echelon formation.
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FLIGHT LEAOER GIVES
JOINUP SIGNAL HERE
NO.3HELICOPTER STOPS RATE OF
CLOSURE AND SLIDES INTO .
NO.3 POSITION ® NO.3 WINGMAN STARTS TURN

WHEN LEADER IS 45¢ FROM HIM

CLOSURE AND SLIDES INTO
NO.2 POSITION

NO.2 HELICOPTER STOPS RATE OF >k

i
X NO.2 WINGMAN STARTS TURN
® WHEN LEADER IS 45° FROM HIM

I}
O~ <—e>€ 0 %

NO.4 HELICOPTER STOPS RATE OF
CLOSURE AND SLIDES INTO
NO.4POSITION NO.4 WINGMAN STARTS TURN

WHEN LEADER IS 45° FROM HIM

1

- o)X OO O

NO.6 HELICOPTER STOPS RATE OF
CLOSURE AND SLIDES INTO

NO.6 POSITION NO.6 WINGMAN STARTS TURN

WHEN LEADER (S 45° FROM HIM

NO.5 HELICOPTER STOPS RATE OF
CLOSURE AND SLIDES INTO

NO.5 POSITION

! NO.5 WINGMAN STARTS TURN

WHEN LEADER 1S 459 FROM HIM

G- B -k OX

o
Figure 9.17. Sia-plane flight rondesvous and joinup procedure.
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SHALLOW SIGHT PICTURE ( ANGLE}
AND MORE SLOWLY THAN
DURING DAYLIGHT OPERATIONS
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w75

Figure 015, Night vendezoous and joinup of helicopters.
of 80° or more should be announced by
the leader prior to effecting the turn.

.11, Breakup
‘When approaching the field for a night for-
‘mation breakup preparatory to landing, the

AGO s11A

flight leader places the flight in a column. ‘This
is the easiest and safest formation for exceut-
ing a breakup at night. A breakup executed
from an-echelon formation involving more than
two helicopters should not be attempted unless
the flight is exceptionally well trained. Prior t0

9.19
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APPENDIX I
CURRENT ARMY HELICOPTERS

I. General

This appendix discusses Army helicopters
which are presently used in accomplishing the
yole of Army aviation. Helicopters now in the
experimental or developmental stage are not
included.

2. OH-13H {Observation)

The OH-13H (fig. 11.1), manufactured by
Bell Helicopter Company, is a standard obser-
vation helicopter. Designed for operations in
confined areas of the combat zone, it can carry
one passenger, two litter patients, or 400
pounds of cargo. It has a speed from 0 to 87
nautical miles per hour. The OH-13H is 2
multipurpose helicopter designed for training,
command and control, wire laying, aeromedical
evacuation, observation, radiological survey,
armed reconnaissance and security, topograph-
ic smvey, and light resupply missions. It is

owered by a 250 shp Lycoming engine which
is devated to 200 hp. The OH-13S curvently
being purchased is very similar to the OH-13H

ajor difference is the addition of a turbo-
supercharger o the engine. The derated horse-
power of the OH-138 engine is 220. It can be
transported by rail, water, military aiveraft, o
fruck. For additional chavacteristics of this
helicopter, see table 1.

3. OH-23D (Observation)

The OH-23D (fig. 11.2), manufactured by
Hiller Aircraft Corporation, is a three-place
helicoptor with & single main rotor and anti-
torquo tail rotor. Designed for operations in
confined areas of the combat zone, it can carry
two litter patients, or 400
pounds of cargo. The OH-23D is a multipur-
bose helicopter designed for training, command

Ao s7708
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tion, observation, radiologica survey, armed
yecomnaissance and security, topographic sux=
Vey, and light resupply issions. 1t is powered
by & 250-horsepower engine and can be trans-
ported by rail, water, militavy aireraft, ov
truck. For additional characteristics of this
helicopter, see table 1.

4. UH-1 (Utility)

The UH-14, B, or D, manufactured by Bell
Helicopter Corporation, is a utility-type, com-
pact design heliconter which features a low sil-
houette. This helicopter is powered by a single
gas turbine Lycoming engine. The UH-1A can
carty one crewman and SiX passengeis; one
crevman, two litters, and  medical attendant ;
or one crewman and a payload of 2,000 pounds.
The UH-1B can carry one crewman and eights
passengers; one crewman, three litters, and a
Inedical attendant; or one crewman and a DAY=
load of 2,578 pounds. The UH-1D (fig. T1.3)
can carry 1 crewman and 12 passengers; 1
crewman, 6 litters, and a medical attendant; ox
1 crewman and a payload of 2,289 pounds.
These helicopters are capable of operating from
unprepared landing are: and under all-weath-
er conditions. Cargo and equipment not feasible
to load inside can be transported externally,
The UH-1 can be equipped with various arma.
ment systems to perform the mission of aexrial
suppressive fire. For additional characteristics
of these helicopters, see table 1.

5. UH-19 (Utilty)

The UH-10 (fig. 1l4), manufactured Y
Sikorsky Aircraft, Division of United Airerag
Corporation, is a limited standard utility hey
copter capable of carrying six troops, six litte
patients, or a normal cargo load of up to 1,5¢

. With a cruising speed of approximag
Iy 70 knots, the UH-19D is. powered by a aing
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Figure IL1. OH-13H (observation),

700-horsepower Pratt and Whitney engine and
has  service ceiling of 15,400 fect, This holi.
conter usually s used in the movement of
tro0ps and supplies. Other capabilities include
resubply, troop transport, air-sea roscus, ob.
Sjervation, and neromedical evacuation, For ad.
'l characteristics of this helicopter, seo
L

tablo
6. CH-2IC (Light Cargo)

4 SH-210 (fig. 115), manutactuved by
o ettol Division of Bocing Alverat Gompan, 4
4 ngle-engine, tandem-totor helicopter enpe
Die of currying 2 pilis and 15 troops, g
Dilots and 12 liter patienta, This helicoptes poc
& normal eargo lond of 8,000 pounds and g

n2

cruising speed of approximately 80 knots. It is
equipped with single 1,425-horsepower
Wright engine. Some mission capabilitics of
this helicopter include airlift of
equipment, aerial command Dpost, salvage opera-
tions, five support, and wire laying, For addi-
tional characteristics of this helicopter, sce
table I,

7. CH-34C (Light Corgo)

The CH-34C (fig. IL6), manufactured by
Sikorsky Aircraft, Division of United Aireraft
Corporation, i Powered by a single Wright en.
gine, with & four-bladed main rotor and a four-
bladed antitorque tail yotor, With space for 18

00D or 8 litters, this helicopter can. earry a

AGo 57708
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Figure 11,2, OH-83D (obsorvation).

normal cargo load of 4,000 pounds. Designed
for a pilot and copilot, it hos a eru

of approximately 85 knots. Some mission cape-
bilities include ailift of troops and equipment,
aerinl command post, salvage operations, fire
support, and wire laying. Tor additional char-
acteristics of this helicopter, sce table I,

8. CH-37B (Medium Cargo)

The CH-87B (fig. I17), manufactured by
Sikorsky Aircrait, Division of United Airevaft
Corporation, is & twin-engine helicopter de-
signed for the transport of cargo and troops
and for the evacuation of casualties. Tt is pow-
ered by Pratt and Whitney twin engines
mounted in pods on each side of the fusclage,
and is capable of carrying a load of 5,000
pounds. The CH-37B has clamshel doors in &
loading ramp in the nose, and can 1ift approxi-
mately 23 troops or 24 litter patients. Some ad-

Aq0 stton

ditional mission capabilities of this helicopter
include salvage operations and ship-to-shore
operations. For additional characteristics of
this helicopter, see table 1.

9. CH-47A (Medium Cargo)

The CH-4TA (fig. 1L8), manufactured by
Vertol Division of Boeing Adreraft Company,
s a tandem-rotor, medium transport helicopter,
powered by two Lycoming T-565-L-6 free-tur-
bine engines. A rear ramp permits rapid
straight-in loading and unloading of troops,
vehicies, and cargo. Items which ave too bulky
to fit within the payload compartment can be
mmspnmd on the 8-ton capacity external car-

hook. Load release noxmally is accomplished
\\ydrnuhcllly In the event of utility hydraulic
system failure, velease may be effected elec-
trically or mechanically. For additional char-
acteristics of this helicopter, see table 1.

3
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Figure 113, UH=D (utility).

aavn 378
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Figure 1L, UH-19 (atility).
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Figure IL. CH-21C (light cargo).
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Iigure 116, CH-24C (light cargo).

A0 oA nr



™ I-260

Figure IL7, CH~$7B (medium cargo).
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Figure IL8. CH-ATA (medium curgo).
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Table 1. Helicopter Characteristics
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APPENDIX Il
PRACTICAL METHODS FOR PREDICTING HELICOPTER PERFORMANCE

1. General

The practical methods for predicting helicop-
ter performance under particular conditions of
payload and flight given in this appendix apply
to the OH-13 type helicopter or to similar heli-
copter configurations using the 200-horsepower
air-cooled engine. (The techniques described
result from engineering tests on the OFH-13 as
published by Jack Fairchild and Hans Weich-
sel, Jr., of Bell Aireraft Corporation.) These
practical methods allow better utilization of the
helicopter, a clearer understanding of faciors
influencing helicopter performance, and sound
principles on which to base flight decisions;
however, they are nat intended as substitutes
for experience and good judgment.

2. Manifold Pressure and Payload

Power-curve tests on the 200-horsepower
air-cooled engine show that 1 inch of manifold
pressure is equivalent to 6 horsepower. Speed-
Jower polar of the helicopter demonstrates that
T horsepower will lift 1.5 pounds of weight
while hovering. Combined, these two facts
give—

RULE NO, 1. One inch of manifold pres-

sure will lift 80 pounds of payload.

b. With this knowledge, the aviator can ob-
{ain a rough estimate of the additional weight
he can safely carty to be able to hover, then en-
ter flight. This rule should be applied before
landing at destination, in this manner:

(1) Momentarily apply full throttle at 100
Sect altitude or less and determine the
maximum manifold _pressure. This
manifold pressure is approximately
equal to the maximum manifold pres-
sure available for takeoff.

(2) While hovering, check manifold pres-
sure required for the hover.

AG0 8o

(8) Find the difference between maximum
available manifold pressure and mani-
fold pressure required to hover.

(4) Change the difference in manifold
pressure into weight (1 inch of meni-
fold pressure equals 80 pounds) to get
the approximate additional payload
which can be carried to lift to a hover
for safe takeoff.

Note. Temperature, winds, altitude, fuel load, flight

welght, empty weight, ete., are inclnded in the above
method and need ot be considered separately.

3. Manifold Pressure and Hovering Ceiling

« By using available manifold pressure to

determine hovering ceiling, an aviator can pre-

dict whether or not he can hover at a destina~
tion.

RULE NO. 2. If wind velocity at point of
intended landing is approximately the
same as at point of takeoff, and the flight
is made within the same airmass (no
radical temperature change), 1,000 feet
is added to the point-of-takeoft altitude
for each inch.of manifold pressure in
excess of that required to hover.

. This method should be applied as follows:

(1) Check manifold pressure at & ‘normal
hover prior to tekeoff.

(2) While hovering, momentarily apply
full throttle and note maximum mani-
fold pressure available.

(8) The difference in these two ‘manifold
pressure ‘readings is equivalent to
1,000 feet altitude per 1 inch of excess
manifold pressure. Apply this addi-
tional altitude to the point-of-takeoff
altitude to get the maximum altitude
(above sea level) at which the ‘eli-
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copter may be hovered with ground
effect,

4. Payload and Wind

In winds from 0 to about 15 knots, the hov-
ering ceiling of the helicopter will increase
from 100 feet for each knot of wind. In winds
from about 15 kuots to 26 knots, the hovering
ceiling will increase about 350 feet for each
knot of wind,

RULE NO. 8. The payload may be in-
creased 8 pounds for each kuot of wind
from 0 to 15 knots, or may be increased
28 pounds for each knot of wind from 15
knots to 26 knots,

These load changes apply to a decreas
in wind velocity (and load reduction) as well
a5 to an increase.

5. Hovering end Skid Height

Hovering altitude over level terrain is ideal
with skid clearance of approximately 4 feet.
Variable hovering altitudes, due to obstacles or
rough terrain, have a decided effect on ‘helicop-
ter performance in determining hovering cei
ing and payload. These effects are best esti-
mated as follows:

RULE NO. 4,
(1) To hover under 4 feet, 300 feet is

added to the hovering ceiling or 24
pounds to the payload for each 6
inches of decrease in skid height
from the 4-foot: hover,
To hover between 4 feet and 10 feet,
800 feet is subtracted from the hov.
ering ceiling or 24 pounds from the
Ppayload for each foot of increase in
skid height.

Note. Ground effect decreases rapldly

above 10 fect, and hovering should not bo,
attempted,

6. Hovering Ceiling and Gross Weight
The hovering ceiling will vary in proportion
to the gross weight of the helicopter. To de-
termine hovering ceiling for a known gross
weight, the following rule should be applied:
RULE NO. 5.
(1) A 100-pound reduction in_gross
weight increases hovering ceiling in
or out of ground effect about 1,300
Teet,
(2) A 100-pound increase in gross weight
decreases hovering ceiling about
1,300 feet.
Note. Theso factors avo true up to tho
8s weight of tho helicopter
(2,600 pounds for the OH-13).

7. Service Ceiling and Gross Weight

The service ceiling of the halicopter varies
with gross weight. To determine the effacts of
gross weight on service ceiling, the following
rule should be applicd:

RULE NO, 6. A 100-pound decrease in
ross weight adds 800 feet to the service
coiling, and, conversely, a 100-pound -
crease in gross weight; reduces the sorv-
ice ceiling 800 feet.

8. Rate of Climb and Gross Weight
To determine the effects of gross weight on
rate of climb, the following rule should bo
applied:
RULE NO. 7.

(1) Using mawimum rate of climb, a
change in gross woight of 100
pounds alters the rate of climb
about 80 feet per minute in forward
flight (45 mph).

(2) On vertical rate of climb, a change
in gross weight of 100 pounds alters
the rate of climb about 180 fect per

U
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APPENDIX IV
AIR DENSITY AND COMPUTATION OF DENSITY ALTITUDE

1. Air Density

a. Air, like liquids and other gases, is a fluid.
Because it is a fluid, it flows and changes shape
under pressure. Air is said to be “thin” at
high altitudes; that is, there are fewer mole-
cules per cubic foot of air at 10,000 feet than
at sea level. The air at sea level is thin when
compared to air compressed in a truck tire. A
cubic inch of air compressed in a truck tire is
denser than a cubic inch of “frec” air at sea
level. For example, in a stacl of blankets, the
Dottom bianket is under pressure of all blankets
above it. As a result of this pressure, the bot-
tom blanket may be squeczed down until it is
only one-tenth as bulky as the fluffy blanket on
top. There is still just as much wool in the
bottom blanket as there is in the one on top,
but the wool in the bottom blanket is ten times
more dense. If the second blanket from the
bottom of the stack were removed, a force of
15 pounds might be required to pull it out. The
second blanket from the top may vequire only
1 pound of force. In the same way, air layers
near the surface have much greater density
than air layers at higher altitudes.

b, The above principle may be applied in
fiying aireraft. At lower lovels, the propeller
or rotor blade is cutting through more and
donsor air, which also offers more support
(lift) and increases air resistance. The same
amount of power, applied at higher altitudes
where the air s thinmer and less dense, propels
the aireraft faster.

2. Factors Influonce Air Density

4. Temporature. Even when pressure re-
mains constant, great changes in air density
will be eaused by temperature changes. The
same amount of air that oceapies 1 eubic inch
at & low temperature will expand and oceupy

A0 WA

2,3, or 4 cubic inches as the temperature goes
higher and higher. It is easier for an airplane
o helicopter to take off in cold weather when
the air is dense than in hot weather when the
air is thin, becanse the wings ov blades must
splace a certain amount of air in taking off.
In taking off from a high altitude field on a hot
day, an aivplane will require a longer than
ordinary rom and a_helicopter may require &
ground run rather than rising vertically. The
air at the higher altitude would be thin not
only because of the decrease in density caused
by higher temperature, but also because of the
lower pressure found at the higher elevation.
When temperatuve and pres-
sure are constant, changes in the moisture con-
tent of the air will change air density. Aiv
always contains some moisture in the form of
water vapor, but the amount varies from al-
‘most none to 100 pereent humidity. The den-
sity of the air decreases as the moisture con-
tent increases. Therefore, aircraft taking off
from  high altitude field on a hot, humid day
will require additional ground roll to get off
the ground, due to the further reduced density
vesulting from high humidity.

3. Standard Atmosphere

Due to the fluctuations of atmospheric con-
ditions, a criteria of standard atmospheric con-
ditions has been established, These standard
conditions assume a certain pressure (29.92"
Hg or 10182 mb.) and temperature (69° F. or
15° C.) at sea level, with a given temperature
lapse vate of 3.66° F. pexr 1,000 feet of eleva-
tion, Aireraft performance is evaluated using
these standard atmospheric conditions.

4, Helicoptor Performance
Helicopter operation in hot weather is gen-
erally less eficient than in cold weather, Verti-

\2]
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cal ascent, hovering, and vertical descent may
be impossible when the temperature is high.
Nocessity for yunning takeoffs and landings
arises with decrease in air density. Engine
rpm loss is likely, and will require extra con-
centration by the aviator to keep rpm above
minimum limit. An overrev is permissible
during takeoff and landing, provided it does
not exceed the maximum allowable (red line).
Although civil and military tests have proven
the helicopter capable of performing success-
fully at high altitudes, they have also proven
that high altitude operations are usually mar-
ginal and demand a high degree of aviator pro-
ficioncy.

5. Density Altitude

Army helicopter aviators must be familiar
with the high-altitude factors affecting helicop-

The three major factors to
understand are—
«. Air Density.

(1) An increase in altitude causes a de-
crease in air density.

(2) An increase in temperature causes a
decrease in air density.

(8) An increase in humidity causes a de-
crease in air density.

b, Wind.

(1) If there is suficient wind veloeity to
afford translational lift while hover.
ing, hchcupwr pm'fnx-mance is im-
‘proved consider:

(2) Translational m, Dresent with any
forward speed or headwind, has an
insignificant effect until speods of ap-
proximately 15 to 20 knots are ob-
tained.

e Load.

(1) Load is a variable factor and must be
considered caretully by the aviator.
Smaller amounts of fuel may be car-
vied to improve performance or in-
croase useful load; however, this
necossitates a sacvifice in range.
Undex conditions of high density alti-
tude, additional engine power is re-

8

v.2

quired to compensate for the thin air,
If the maximum gross weight of the
helicopter exceeds the limits of avail.
ablo engine power, a reduction in load
may be necessary.
(3) Due to changes to density altitude and
wind velocity during the day, the
weight-caxrying capability of a par.
ticular helicopter may vary many
times during a singlo day.
Established service ceilings for each
‘helicopter must be considered in com-
puting maximum load for safo opera-
tions.

g

6. Maasuring Density Altitude

No_instrument is available for measuring
density altitude divectly. It must be computed
from the temperature and prassure at the par-
tieular altitude undor consideration. The chart
shown in figure IV.1 may be used as a field
expedient in computing donsity altitudo; hov-
ever, the answers derived are based on vari
ables and must be considered as close approxi-
mations,

7. Steps in Computing Density Altitudo
Using the chart shown in figure IV.1 as a
guide, density altitude is computed as follows:
Sty Beauple
«. Determine barometric pressure
for point of takeoff/landing.
3 i field elevation at
wmt of takeoff/landing. 2,000
. Apply  altitude  addition/sub- 1,245
(N\chon to field elevation obtained
above. Use amount correspond-
mg to appropriate barometric read-
ing found in a above. (Readings
shown in two columns on right of
hart.)

28.60" Hg

d. Find resulting pressure alti- 3,245
tude.

e. Obtain outside air tomperature 95° F.
at field elewhon of point of intended (85° C.)
talceoft/lan

f. Move a pointer hovizontally 8,245
along tempan\tme scalo at the bot-
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Step Ezanple
tom of chart to degree reading ob-
tained (e above), then vertically
along temperature line until pointer
intersects the diagonal pressure alti-
tude line (d above). (Interpolate as
necessary.)

9. Move pointer horizontally to 6,400°
the left and read resultant density
altitude in feet.

8 Svmphred Computation of Density
e (Approximate]

« Denbny altitude should be determined be-
fore computing aircraft weight and balance
data. The length of runway necessary for air-
planes and the power requirements for heli-
copters are contained in the operator’s manual
for the appropriate aircrait.

b. The following formula may be wd 50 2
fleld expedient determine  approximate
density altitude:

DA = PA + (120 X V1), where—

DA is deusity altitude,

PA is pressure altitude,

120 is & temperature correction constant,
Vi is the variation of the actual air tem-
perature from standard temperature at the
pressure altitude.

¢. The steps in computing density altitude
by this formula are—

(1) Set 20.92 in the Kollsman window of
the aireraft altimeter and read the
pressure altitude directly from the al-
timeter face,

(2) Determine the standard temperature
for the pressure altitude, Standard
temperaturo of the air at sea level is
16° G, and the standard decrease of
temperuture with altitude above sea
lovel fs 2° C. per 1,000 feet. There-
fore, for each 1,000 feet of prossre
altitude above sea level, 2° C.
tracted from 16° C. Tor each 1000
foot of pressure altitude below sea
level, 2° C. is added to 1

® Su\mm the standard temperature

vom the actual temperature to find
the “ariution in the bwo temperatures.

Ao #r0A
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(4) Substitute the determined values into
e forn

d. The following sample problems illustrate
the use of the formula method of density alti-
tude computation for.
(1) Air temperatures above standard:
Pressure altitude -

tual temperature

(2) Air temperatures below standard:
i - 1,070 feet.

temperature  (of
the free air) - -6
Standard temperature ___ 18° C.
‘Temperature variation _

DA = PA + (120 X V)
1,070 4 (120 X 1)
1,070 — 840

= 230 feet,
(3) A proposed landing site at ultltude
igher than point of departure:

partur
Actual nlumde ﬂf depar-

ture site _ - 1,020 feet.
Air temperature at de-

parture site .
Actual altitude of lnnrnled

landing site
Standard temperature at

‘Droposed landing site.
Pressure altitude at pro-

1,200 feet.

_ 15 C.

at the departure site

plus the difference be-

tween the actual alti-

tudes of the two sites) .. 4,280 feet.
Computed free-air, temper-

ature at the proposed

landing site (this is the

temperature at the de-

parture site minus 2° C.
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for each 1,000 feet of
difference between the
actual altitudes of the
two sites) -9
Temperature variation
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A + (120 X V)

1280 + (120 X 2)

= 4,280 4240

520 fect at the proposed land-
ing site.
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Temperature variation

G0 o

for each 1,000 feet of
differsnce between the
actual altitudes of the
two. sites)
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DA = PA + (120 X V)

4,280 + (120 X 2)

= 4,280 4 240

20 feet at the proposed land-
ing site.
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APPENDIX V
EXTERNAL LOAD OPERATIONS

1. Proflight Procedures

An aviator planning an external load opera-
tion must be familiar with the operator's man-
ual for the helicopter to be flown. The apera-
tor's manual contains information on_sling
capability, gross load limitation, airspeed limi-
tation, performance data, systems operation,
and hand signals for the ground crew.

a. Sling Capability. To plan his flight, the
aviator must know the type and capability of
the sling with which the helicopter is equipped.
Some slings are of the nonrotating type and
require a swivel hook; some helicopters use a
nylon strap between the hook and the load as
a vibration damper. In any helicopter, the
weight capability of the sling must not be cx-
ceeded.

0. Gross Weight Limitation. Sling loads do
Dot require the computation of weight and bal-
ance; however, for planning purposes the avi-
ator must use the gross weight chart found in
the operator’s manual, This chart provides
the flight crew with a xapid means of deter-
mining the lond-carrying capabilities of the
halicopter within safe operating limits. In ex-
tremely cold climates, structaral limiis can be
excecded without exceeding the performance
limitations. Any flight exceeding gross weight
Yimits should be written up on DA Form 2408-
13 (Afveraft Inspection and Maintenance Rec-
ord).
¢, Airopeed Limitation. When computing
the desived airspocd for the proposed mission,
the aviator must refex to the oporator's manual
whero there are aivspeed corrcction tables for
nstrument ervor; charts for hovering, takeoff,
dimb, best range, maximum endurance, and
Janding distance; and opevating limits charts
which indicate maximum aivspeed for a given
load and density altitude, These charts give

A00 oA

the best performance airspeed for various loads
and pressure altitudes.

d. Performance Data. The operator’s manual
also contains charts which compute various
loads and pressure altitudes for hovering, take-
off, climbs, range, maximum endurance, and
landing distances, and show the expected per-
formance of the helicopter equipped with a 2
cific engine of a given rated hovsepower. En-
gine operating limitation charts are svannble
for cach type and model engine, giving power
limitations based on operating rpm, type and
grade fuel used, and temperatur

e. Systems Operation. The operator’s manual
gives a complete operational explanation of the
sling and its release systems. On the preflight,
the aviator must check the condition of the
sling and male an operational test of each
mode of cargo release.

f. Hand Signals for Ground Crewmen. Hand
signals to be used by the ground crew for day
or night operation are published in the opera-
tor's manua). The preflight is not complete nn-
m the aviator has briefed his ground erew an
their duties and the mission to be performed.

2. Pickup Procedures

@ To pick up an external cargo, the aviator
positions the helicopter approximately 100
yards short of the pickup point into the wind-
line at an altitude of approximately 100 to 125
feet. Speed should be commensurate with the
type helicopter, terrain, and wind. He then
establishes a rate of descent and reduces speed
to arvive at a point 6 to 8 feet short of the
pickup point at an altitude of 6 to 8 feet. At
{his point, the rate of descent has stopped and
the helicopter is in & level attitude with for-
ward movement limited to that indicated by the
signalman.

v
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b. The signalman directs the aviator to a po-
sition over the load, and the load is attached to
the hook by the hookup crew. As soon as the
Jond is securely attached, the hookup crew
clears the area directly beneath the helicopter
and signals the signalman that the load is veady
tolift.

e. On direction from the signalman, the avia-
tor takes up the slack in the sling until he
“fegls” the load. Ho then increases power
slowly until the helicopter is centered directly
over the load. The aviator then hovers the
helicapter momentarily to determine i sufici-
ont power is available for transition to forward
flight.

d. The signalman indicates to the aviator by
‘giving the takeoff signal that the load is elear
of the ground and properly suspended. The
takeoff should he accomplished with as little
nosedown attitude as possible, so that most of
the available power can be transmitted into lift
rather than forward thrust in the initial take-
Off phase. This procedure decreases the pos-
sibility of the helicopter sinking and the load
striking the ground before gaining sufficient
translational lift to hegin a climb. When the
helicopter has attained a safe altitude, power
is reduced to that necessary for a climb to the
desired cruising altitude.

3. InFlight Procedure
. Power Check. Before attempting for-
ward flight with external cargo, the helicopter
should be hovered momentarily to determine
how much power is required to maintain hov-
ering flight. If this requirement is very near
the maximum allowable power, forward flight
should not be attempted because of the poss}
bility of the load striking the ground. This is
due to a sinking tendency as the helicopter
moves into forward flight and the nonavail-
nbillity of additional power to counteract this
7.

b. Aireraft Performance, High-stacked,
light loads generally tend to shift farther aft
as aispeed is incroased, When the load is
heavier, move compact, and balanced, the vide
is stendier and the airspoed may be safely in-
creased. With any type of external cargo load,

va

airspeeds of ovex 90 knots are not recommend-
ed in the CH-84. Any unbalanced load may
jump, oscillate, or- rotate, resulting in loss of
control and undue stress on the helicopter.
‘This requires reducing forward airspeed in-
mediately, regaining control, and “steadying
up” the cargo load. The weight and balance
of the load determine air worthiness (steadi-
ness in flight) and the maximum airspeed at
which the helicopter may be safely flown, At
the fivst indication of buildup in oscillation, it
is mandatory to slow airspeed immediately be-
cause the oscillation may endanger the helicop-
tor and personnel, and may necessitate jetli-
soning the load. For a complete explanation
of the release systems for the helicopter to be
flown, see the operator’s manual.

e. Operation of Release. Generally, the three
pasitions (or mode selections) for external
cargo release ave on, sufe, and auto. The de-
sived position should be decided upon prior to
reaching a hover over the intended relcase
point.  When the helicopter is in a hover over
the desired velease point and the relative mo-
tion of the helicopter over the ground is zero,
the pilot instructs the copilot to place the mas.
tor cargo switch in the desired release-mode
position.Upon signal from the signalman, the
crow chict, or at the aviator's own discretion
(as the situation may dictate), the release but-
ton is actuated.  If the auto mode has been se-
locted, the cargo load should release automati-
cally when the load tonsion is reduced (as the
load touches the ground).

4. Release Procedure

@ The transporting helicopter approaches
the cargo release area and is guided into posi-
tion for cargo release by the signalman who
has positioned himself in the same manner as
for hookup (par. 6b). The cargo release men
stand by, but are not actively employed unless
the helicapter crew cannot release the cargo,
either electrically or mechanically, from within
the helicopter,

b. The signalman directs the lowering of the
load onto the ground, then dirccts the helicop-
ter crew to release the load.

G0 smo



o. After the signalman insures that the cargo
sling is completely released from the eargo
hook, he gives the aviator the signal to take off
and then moves quickly aside out of the takeoff
path.

5. Emergency Procedure

‘When the cargo cannot be released by either
the helicopter crew or ground personnel and no
applicable instructions are contained in the unit.
SOP or other directives, the cargo release crew
may—

a. Cut the cargo free with any sharp object,
such as a pocket knife, bayonet, or sheath
knife.

b. If the cargo net is metallic, use a_cable
cutter; Le., diagonal cuttexs, pliers, or a similar
cutting device.

c. Release cargo snap fasteners and cut draw
cable.

6. Duties of Ground Crew

4. General. The ground crew normally con-
sists of three men—the signalman and two
hookup men. However, if the situation de-
mands, one man may serve as the hookup erew.
The transported unit is responsible for provid-
ing the ground crew personnel for helicopter
external load operations. These crews should
be properly trained and kept abreast of de-
velopments on new equipment and operationul
techniques and procedures, Ground crews
should be bicfed by the aviator or an aviation
Yeprosentative who is familiar with the mission
to be peviormed. The ground crew must
(1) Be familiar with the iype of cargo to
be transported.
(2) Direct the pluming of the cargo lond
I

(3) Tnspect the lond to insure that the
siings ave not fouled nnd the lond is
secured and rendy for hookup.

(4) Tnsure that the area to be used is cloar:
of obatructions that could snag the

(5) Insure that cargo weight does not ox-
ceed the capability of the heticopter.
load, sling, or cargo net.

Ado smon.
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(6) Be familiar with helicopter hand sig-
mals for both day and night oper
tions,

b. Dutics of Signalman.
(1) As the helicopter approaches the

position about 50 feet beyond and up-
wind from the load, facing the load
with his arms raised above his head.
His position must be such that the
aviator can plan his approach on him;
the signalman must remain in view of
the aviator during the entire hookup
and departure process.

(2) As the helicopter approaches the load,
the signalman positions himself ap-
proximately 45° off the aviator’s side
of the helicopter, remaining approxi-
‘mately 50 feot away from the load.

(8) After the helicopter has come fo a
hover, the signalman guides the avia-

tor directly over the load for hookup.
(Al signals must be precise, with no
unnecessary movements.)

(4) Atter the hookup is completed, the
signalman signals the aviator that the
load is securely attached, He then
gives the hookup men sufficient time
to clear from beneath the helicopter
before giving the aviator the signal to
move upward.

(5) As the helicopter moves upwad, the
signalman insures that the load i
properly secured and that the cargo is
properly suspended,

(6) The signalman then gives the avintor
the fakeof? signal and moves quickly
asido to be clear of the takeoft path.

¢. Duties of Hoolup Men.

(1) As the helicopter hovers over the sling
load, the hookup men will position
themselves next to the cargo to pro-
pare for hookup. Their position
should be one from which the hookup
cun bo accomplished quickly and casily
and in plain view of tho signalman at
all times,

V3
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(2) After the hookup, the hookup men
must insure that the cargo hook is
properly secured and then move quick-
Iy from heneath the helicopter and out
of the takeoff path.

Caution: Tn case of an emergency,
the hookup men will exit from
beneath the helicopter to the right;
the aviator will move the helicopter to
the left.

260 #mman
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