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MILITARY SPECIFICATION

HELICOPTER FLYING AND GROUND HANDLING QUALITIES;
GENERAL REQUIREMENTS FOR

This specification has been approved by the Deparitment of Defense and is man-~
datory for use by the Deparimenis of the Army, the Navy, and the Air Force

1. SCOPE

1.1 This specification covers the design re-
quirements for flying and ground handling qual-
ities of U.S. military helicopters.

2. APPLICABLE DOCUMENTS

There are no applicable documents.

3. REQUIREMENTS

3.1 General.

3.1.1 With the exception of 3.6, section 3
contains the requirements for the flying qual-
ities, and for certain relevant ground-handling
characteristics, of all helicopters procured by
the Department of the Army, the Department
of the Navy, and the Department of the Air
Force, that are required to operate under visual
flight conditions. Paragraph 3.6 applies to
helicopters required to operate under instru-
ment flight conditions. The required charac-
teristics are those which are considered, on the
basis of present knowledge, as tending to insure
satisfactory handling qualities and are subject
to modification as indicated by new informa-
tion. Every effort shall be made by designers
to provide additional desirable characteristics
which have been omitted as specific
requirements.

3.1.2 Unless otherwise specified, the require-
ments of section 3 shall apply at all normal
service loadings over the operating rotor speed
range and all operational altitudes and tem-
peratures. For the purposes of section 3,
normal service loadings shall include all com-
binations of gross weight and center of gravity
Jocations that could ordinarily be encountered
in normal service operations.

3.2 Longitudinal characteristics.

3.2.1 It shall be possible to obtain steady,
smooth flight over a speed range from at least

30 knots rearward to maximum forward speed
as limited either by power available or by
roughness due to blade aerodynamic limita-
tions, but not by control power. This speed
range shall be construed to include hovering
and any other steady state flight condition,
including steady climbs and steady descents.
Throughout the specified speed range a suffi-
cient margin of control power, and at least
adequate control to produce 10 percent of the
maximum attainuble pitching moment in hov-
ering shall be available at each end to control
the cffects of longitudinal disturbances. This
requirement shall apply not only to powered
flight, but also to autorotative flight at forward
speeds between zero and the maximum forward
speed for autorotation. Within the limits of
speed specified in 3.2.1 and during the transi-
tions between hovering and the specified ex-
tremes, the controls and the helicopter itself
shall be free from objectionable shake, vibra-
tion, or roughness, as specified in 3.7.1.

3.2.2 The helicopter shall be reasonably
steady while hovering in still air (winds up to
3 knots), requiring a minimum movement of
the cyclic controls to keep the machine over a
given spot on the ground, for all terrain clear-
ances up to the disappearance of ground effect.
In any case, it shall be possible to accomplish
this with less than + 1.0-inch movement of the
cyclic controls.

3.2.3 For all conditions and speeds specified
in 3.2.1, it shall be possible in steady-state
flight to trim steady, longitudinal control forces
to zero. At these trim conditions, the copirols
shall exhibit positive self-centering character-
istics. Stick “jump” when trim is actuated is
undesirable.
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Initial trim and power condition

Hovering.__ ______.___.

Level flight at 35 knots_.. ___

Level flight at 80 percent V..,

Level flight at Vaax. oo ... ...
Climb at best rate of climb_ _________
Partial power descent at 300 to 500 fpm

Tanue I Power and speed conditions

Autorotation with trim as in ““Level flight at 80 percent V.,,” ab;)vrer_ R
Autorotation at speed for minimum rate of descent_ ._ . __ ____

Speed range of interest

0 to 30 knots.

15 to 60 knots.

60 peroent vm‘l"—v-l--
80 percent. V....,——V"...“.

- . Vau R/C 415 knots.

15 to 60 knots.
60 percent V,,..— V.. for autorotation.
15 knots— -(trim speed + 20 knots).

3.24 At all trim conditions and speeds
specified in 3.2.1, the longitudinal force gradient
for the first inch of travel from trim shall be
no less than 0.5 pound per inch and no more
than 2.0 pounds per inch. Inaddition, however,
the force produced for a 1-inch travel from trim
by the gradient chosen shall not be less than
the breakout force (including friction) exhibited
in flight. There shall be no undesirable dis-
continuities in the force gradient, und the slope
of the curve of stick force versus displacement
shall be positive at all times with the slope for
the first inch of travel from trim greater than or
equal to the slope for the remaining stick travel.

3.2.5 With the helicopter trimmed in steady,
level, horizontal flight at maximum forward
speed, it shall be possible readily and safely to
bring the machine to a quick stop and hover.
With the helicopter trimmed in hovering flight,
it shall be possible to accelerate rapidly to maxi-
mum forward speed, maintaining approximately
constant altitude.

3.2.6 Without retrimming, the longitudinal
control forces required to change from any trim
and power condition to any other trim and

power condition as specified in table I, or for
performance of the maneuvers discussed in 3.2.5
and 3.5.4 or any other normal helicopter ma-
neuvers, shall not exceed the values given in
table 11

3.2.7 With the control trimmed for zero
foree, breakout forces, including friction in the
longitudinal control system, shull conform with
the values given in table I when measured in
fhght.

3.2.8 The controls shall be free fromn objec-
tional transient forces in any direction follow-
ing rapid longitudinal stick deflections. During
and following rapid longitudinal displacement
of the control stick from trim, the force acting
in a direction to resist the displacement shall
not at any time fall to zero. Longitudinal con-
trol displacement shall not produce lateral con-
trol forces in excess of 20 percent or pedal forces
in excess of 75 percent of the associated longi-
tudinal force. For helicopters employing power-
boosted or power-operated controls, there shall
be no lateral or directional control forces
developed.

3.2.9 There shall be no objectionable or

TasLE I1. Limit control force values (pounds) (when measured in flight with adjustable friction off)
Limit control forces for
Limit breakout, including friction
Control control forces
force
Minimum Maximum
Longitudinal eyelic.. .. .. .. __. .. . ____ ... ... ... .. - &0 05 1.5
Lateral cyelic_._._ . .. _______ . S . - 7.0 0.5 L5
Collective_____. ... .. ... .. ... R 7.0 1.0 36
Direetdonal . _. .. . .. .. .. - 15. 0 13.0 70

1 May be measured wilh adjustable friction set.
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excessive delay in the development of angular
velocity in response to control displacement.
The angular acceleration shall be in the proper
direction within 0.2 second after longitudinal
control displacement. This requirement shall
apply for the speed range specified in 3.2.1.

3.2.10 The helicopter shall, at all forward
speeds and at all trim and power conditions
specified in table I, except as noted below,
possess positive, static longitudinal control
force, and control position stability with respect
to speed. This stability shall be apparent in
that at constant throttle and collective pitch-
control settings a rearward displacement of and
pull force on the longitudinal-control stick shall
be required to hold a decreased value of steady,
forward speed, and a forward displacement and
push force be required to hold an increased
value of speed. In the speed range between
15 and 50 knots forward, and 10 to 30 knots
rearward, the same characteristics are desired,
but a moderate degree of instability may be
permitted. However, the magnitude of the
change in the unstable direction shall not
exceed 0.5 inch for stick position or 1.0 pound
for stick force.

3.2.10.1 The stability requirements of 3.2.10
are intended to cover all steady flight condi-
tions in which the helicopter might be operated
for more than a short time interval. As a
guide for the conditions to be investigated, the
tabulation of pertinent conditions in table I
may be utilized, all referred to the most critical
center of gravity position.

3.2.10.2 The helicopter shall not exhibit
excessive longitudinal trim changes with varia-
tions of rate of climb or descent at constant
airspeed. Specifically, when starting from
trim, at any combination of power and air-
speed within the flight envelope, it shall be
possible to maintain longitudinal trim with a
longitudinal control displacement of no more
than 3 inches from the initial trim position as
the engine power or collective pitch, or both,
are varied throughout the available range.
Generally, the airspeeds needing the most
specific investigation of the above character-
istics include V., and the speeds between zero
and one-half the speed for minimum power.

3.2.11 The helicopter shall exhibit satis-
factory dynamic stability characteristics fol-
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lowing longitudinal disturbances in forward
flight. Specifically, the stability character-
istics shall be unacceptable if the following are
not met for a single disturbance in amooth air:

(a) Any oscillation having a period of less
than 5 seconds shall damp to one-
half amplitude in not more than 2
cycles, and there shall bo no ten-
dency for undamped small ampli-
tude oacillations to persist.

(b) Any oscillation having a period greater
than 5 seconds but less than 10
seconds shall be at least lightly
damped.

{c) Any oscillation having a period greater
than 10 seconds but less than 20
seconds shall not achieve double
smplitude in less than 10 seconds.

3.2.11.1 The following is intended to insure
acceptable maneuver stability characteristics.
The normal acceleration stipulations are in-
tended to cover all speeds above that for mini-
mum power required; the angular velocity
stipulations shall apply at all forward speeds,
including hovering.

(a) After the longitudinal control stick is
suddenly displaced rearward from
trim a sufficient distance to generate
s 0.2 radian/sec. pitehing rate within
2 seconds, or a sufficient distance to
develop a normal acceleration of
1.5 g within 3 seconds, or 1 inch,
whichever is less, and then held
fixed, the time-history of normal
acceleration shall become concave
downward within 2 seconds follow-
ing the start of the maneuver, and
remain concave downward until the
attainment of maximum accelera-
tion. Preferably, the time-history
of normal acceleration shall be con-
cave downward throughout the pe-
riod between the start of the ma-
nuever and the attainment of maxi-
mum acceleration. Figure 1(a) is
illustrative of the normal accelera-
tion response considered acceptahle.

(b) During this maneuver, the time-history
of angular velocity shall become
concave downward within 2.0 sec-

nds following the start of the

3
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- LIMIT FOR DEMONSTRATION
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1.5

1.25

1.0/

N-n-— - - e am -

TIME - SECONDS

NORMAL ACCELERATION - G's

0.2 LIMIT FOR DEMONSTRATION

NOT TO
EXCEED
0.1

Wi weo-

(a) NORMAL ACCELERATION RESPONSE

POINT OF INFLECTION

2

RATE OF PITCH - RAD/SEC.

TIME - SECONDS

(b) ANGULAR VELOCITY RESPONSE

Pigurz 1. Typical normal acceleration and pitch rale response.
normal acceleration.)

maneuver, and remain concave
downward until the attaininent of
maximum angular velocity; with
the exception that for this purpose,
a faired curve may be drawn through
any oscillations in angular velocity

(In this sample the conirel inpul was limiled by

not in themselves objectionable to

the pilot. Preferably, the time-
history of angular velocity should be
distinctly concave  downward

throughout the period between 0.2
second after the start of the ma-



neuver and the attainment of maxi-
mum angular velocity. Figure 1(b)
is illustrative of the angular velocity
response considered acceptable.
3.2.11.2 To insure that a pilot has reason-
able time for corrective action following mod-
erate deviations from trim attitude (as, for
example, owing to a gust), the effect of an
artificial disturbance shall be determined.
When the longitudinal control stick is suddenly
displaced rearward from the trim, the distance
determined in 3.2.11.1 above, and held for ut
least 0.5 second, and then returned to and held
at the initial trim position, the normal accel-
cration shall not increase by more than 0.25 g
within 10 seconds from the start of the disturb-
ance, except 0.25 g may be exceeded during the
period of control application. Further, during
the subsequent nosedown motion (with the
controls still fixed at trim) any acceleration
drop below the trim value shall not cxceed
0.25 ¢ within 10 seconds after passing through
the initial trim value.

3.2.12 The response of the helicopter to
mouion cf the longitudinal control shall be
such that in the maneuver described in 3.2.11.1,
the resulting normal acceleration always in-
creases with time until the maximum accelera-
tion is approached, except that a decrease not
perceptible to the pilot may be permitted.

3.2.13 Longitudinal control power shall be
such that when the helicopter is hovering in
still air at the maximum overload gross weight
or at the rated power, a rapid 1.0-inch step
displacement from trim of the longitudinal
control shall produce an angular displacement
at the end of 1.0 second which is at least

45
3YyW 1000 degrees. When maximum avail-
able displacement from trim of the longitudinal
control is rapidly applied, the angular displace-
ment at the end of 1.0 second shall be at least

180
3vW+1000 degrees. In both expressions W
represents the maximum overload gross weight
of the helicopter in pounds.

3.2.14 To insure satisfactory initial response
characteristics following a longitudinal control
input and to minimize the effects of external
disturbances, the helicopter in hovering shall
exhibit pitch angular velocity damping (that

T
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is, a moment tending to oppose the angular
motion and proportional in magnitude to the
angular velocity) of at least 8 (1,)*7 ft-lb/rad/
sec, where I, is the moment of inertia about
the pitch axis expressed in slug-ft2.

3.3 Directional and lateral characteristics.

3.3.1 Directional control shall be suffi-
ciently powerful, in order that its use in con-
junction with the other normal controls will
permit easy exccution of all normal taxiing
maneuvers with wheel gear on land and float
gear in water using normal rotor speeds. In
particular, the following ground handling con-
ditions shall be met.:

{n) Tt shall be possible, without the use
of brakes, to maintain a straight
path in any direction in a wind of
35 knots.

(b) Tt shall he possible to make a complete
turn in cither direction by pivoting
on one wheel in a wind of 35 knots.

3.3.2 From the hovering condition, it shall
be possible to obtain steady, level, trunslational
flight at a sidewise veloeity of 35 knots to both
the right and the left. At the specified side-
wise velocity and during the transition from
hovering, the controls and the helicopter itself
shall be free from objectionable shake, vibra-
tion, or roughness as specified in 3.7.1.

3.3.3 The requirements of 3.2.2 shall be
applicable to lateral as well as to longitudinal
control motions. It shall be possible to meet
this requirement with less than + 1-inch move-
ment of the directional control.

3.3.4 In all normal service loading condi-
tions, including those resulting in asymmetrical
lateral center of gravity locations and steady
flight under the conditions specified in 3.2.1
(including autorotatinon) und 3.3.2, a sufficient
margin of control effectiveness, and at least
adequate control to produce 10 percent of the
maximum attainable hovering rolling moment
shall remain at each end.

3.3.5 Directional control power shall be
such that when the helicopter is hovering in
still air at the maximum overload gross weight
or at rated takeofl power, a rapid 1.0-inch step
displacement fromn trim of the dircctional con-
trol shall produce a yaw displacement at the

110

cnd of 1.0 second which is at least TJVV—{— 1000
5
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degrees. When maximum available displace-
ment from trim of the directional control is
rapidly applied at the conditions specified
above, the yaw angular displaceineni at the end
330
of 1.0 second shall be at lcast 3yvW+1000
degrces. In both equations W represents the
maximum overload gross weight of the heli-
copter in pounds.

3.3.6 Tt shall be possible to ¢xecute a com-
plete turn in cach direction while hovering over
a given spot at the maximum overload gross
weight or at takeoff power lin and out of grourd
effiect), in a wind of at least 35 knots. To
insure adequate margin of control daring these
mancuvers, suflicient control ~hall remain at
the most critical azimuth angle relative to the
wind, in order that, when starling at zero
yawing veloeity at this nugle, the rapid applica-
tion of full directionul control in the critical
direction results in a corresponding  vaw

1o
displacemient of at least 3¢'W 1000 degrees in
the first sccond, where W represents: the maxi-
mum overload gross weight of the helicopter
in pounds.

3.3.7 The response of the helicopter to
directional-control deflection, as indicated by
the maximnum rate of yaw per inch of sudden
pedal displacement froin trini while hovering
shall not be so high as to cause a tendency for
the pilot to overcontrol unintentionally. In
any case, the sensitivity shall be considered
excessive if the yaw displieement s greater
than 50 degrees in the first second following a
sudden pedal displacement of 1 inch from trim
while hovering at the lightest normal service
loading.

3.3.8 1t shall be possible to make cuordi-
nated turns in cach direcuon while i auto-
rotation, at all autorotation speeds.

3.3.9 The hielicopter shall possess positive,
control fixed, directional stability, and effective
dihedral in both powered and autorotative
flight at all forward specds above 50 knots,
0.5 Vpa. Or the speed for maximum rate of
climb, whichever is the lowest. At these
flicht conditions with zero vawing and rolling
veloeity, the variations of pedal displacement
and latecal control displacement with steady

¢

sideslip nngle shall be stable (left pedal and
right stick displacement for right sideslip) up
to [ull pedal displacement in both directions,
but not necessarilv bevond a sideslip angle of
15 degrees at Vy,,, 45 degrees at the low speed
determined above, or hevond a sideslip angle
determined by a linear variation with speed
bhetween these two angles. Between sideslip
angles of 4 15 degrees, the curve of pedal dis-
placement and  lateral control  displacement
plotted agninst sideship angle shall be approxi-
mateir hoear.  Tnoall flight conditions specified
above, a 10 pereent margin of both lateral und
lonygitadinal control effectiveness (ne defined in
2.2 0 and 3.3 4) shall remain,

3.3.9.1 At the conditions specificd in 3.3.9,
it <hall be possible to make complere furns in
each direction with pedals fixed, by use of exvelie
control stick alone. At all gpeeds specified in
380 no reversal of rolling velocity (ie., return
throngh zera) shall oceur after a small lateral
step displucement of the control stick s made
with pedals fixed. The stick deflection chosen
shall be such thut the maximum angle of bank
ceached during 6 seconds is approximately 30
degrees. This requirement is intended to
apply to angular velocity type controls.

3.3.9.2 During pedal fixed rolling maneu-
vers, there shall be no objectionable adverse
yaw, :

3.3.10 For all conditions and speeds speci-
fied in 3.2.1 and 3.3.2, it shall be possible in
steady flight to trim steady lateral and direc-
tional control forces to zero. At these trim
conditions, the controls shall exhibit positive
self centering  characteristies.  Stick  “jump”
when trim eontrol is actuated i= undesirable.

3.3.11 AL ull trim conditions and speeds
specified in 3.3.10, the lateral force gradient for
the first inch of travel from trim shall be no
fess han 0.5 pound per inch and no more than
2.0 pounds per inch.  In addition, however, the
foree produced for a 1-inch travel from trim by
the gradient chosen shall not be less than the
breakout force (including friction) exhibited in
flight. The slope of the curve of stick force
versus displacement shall be positive at all
times and the slope for the first inch of travel
from trim shall always be greater than or cqual
to the slope for the remaining stick travel.
The directional control shall have a limit force



of 15 pounds at maximum deflection with a
linear force gradient from trim position. Thero
shall be no undesirable discontinuities in either
the lateral or directional force gradients.

3.3.12 From trimmed initial conditions, the
lateral and directional control forces required
for the performance of the maneuvers discussed
in 3.2.6, 3.3.1, 3.3.2, 3.3.4, 3.3.5, 3.3.6, 3.3.8,
and 3.3.9.1, shall conform with the values given
in table II.

3.3.13 With the controls trimmed for zero
force, the breakout forces including friction in
the lateral and directional control systems shall
conform with the values given in table II when
measured in flight.

3.3.14 The controls shall be free from ob-
jectionable transient forces in any direction
following rapid lateral stick or pedal deflections.
During and following a rapid lateral displace-
ment of the control stick from trim or a rapid
pedal displacement from trim, the force acting
in a direction to resist the displacement shall
not at any time full to zero. Lateral control
disolacement shall not produre longitudinal
control forces in excess of 40 percent or pedal
forces in excess of 100 percent of the associated
lateral force. Pedal displacement shall not
produce longitudinal control forces in excess of
8 percent or lateral control forces in excess of
6 percent of the associated pedal force. For
helicopters employing power-boosted or power-
operated controls, there shall be no longitudinal
control forces developed in conjunction with
lateral or directional control displacement.

3.3.15 The response of the helicopter to
Intecd-control deflection, as indicated by the
iaxunuin rate of roll per inch of sudden con-
trol detlection from the trim setting, shall not.
be 2o high as Lo cause a tendency for the pilot
to overcontrol unintentionally. In any cuse,
st all fevel flight speeds, ineluding hovering,
the control effectiveness shall be considered
exeessive if the maximum rate of roll per inch
oi stick displacement is greater than 20 deprees
per second.

3.3.16 There shall be no objectionable or
exressive delay in the development of angular
veleerty in response to lateral or directional
conitrol Jisplacement. The angular accelera-
tion shall be in the proper direction within 0.2
sceond alter control displacement. This re-
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quirement shall apply for all flight conditions
specified in 3.2.1, including vertical autorotation.

3.3.17 The helicoptor shall not exhibit ex-
cessive lateral trim changes with changes in
power or colloctive piteh, or both.  Specifically,
when starting from trim at any combination of
power and airspeed within the flight envelope
of the helicopter, it shzll be possible to main-
tain lateral trim with a control displacement
amounting to no more than 2 inches from the
initial trim position as the engine power or
collective pitch, or both, are varied either slowly
or rapidly in either direction throughout the
available range.

3.3.18 l.uteral control power shall be such
that when the helicopter is hovering in still air
at the maximum overload gross weight or at the
rated power, a rapid 1-inch step displacement
from trim of the lateral control shall produce
an angular displacement at the end of one-half
seeond of at least, 3\ /wzl:] oo degrees.
maxitmum  available  displacement from trim
of the lateral control is cupidly applied at the
conditions  speeifiecd  above,  the  resulting
angular displacement nt the end of one-half

81
second shall be at least 3YW 1 1600 degrees.

When

In both expressions W represents the maximum
overload gross weight of the helicopter in
pounds.

3.3.19 To insure satisfactory initial response
characteristics following cither a lateral or
directional control input and to minimize
the effect of ¢xternal disturbances, the heli-
copter, in hovering, shail exhibit roll angular
veloeity damping {tiui 15, u moment tending
to oppose the nnpular motion and proportional
in magnitide to the rolling angular velocity)
of at len-t "1 )"%7 ftdufraa/sec, where I, 18
the moment of seervin aboue the 1ol nxis
cxpressed in slug-fi. The yaw angular velocity
damping should! preferably be at least 27(1,)%7
ft-Ibfrad/sec., where {, is the moment of inertia
about the yaw axis expressed in slng-ft2

3.4 Vertical characteristics.

3.4.4 [t shall be possible to maintain posi-
tive conirol of altitude within -4 1.0 foot Ly
use of the collective-piteh eantrol while hovering
at constant rotor rpm under the conditions of

1
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3.2.2. This shall be accomplished with & mini-
mum amount of collective stick motion
required, and in any case it shall be possible to
accomplish this with less than + ¥ inch move-
ment of the collective stick. When a governor
is employed, there shall be no objectional
vertical oscillution resulting froin lag in governor
respouse.

3.4.2 The collective-pitch control shall re-
main fixed at all times unless moved by the
pilot and shall not. tend w0 creep, whether or
not cyelic or dircetional controls are moved.
The maximum effort required for the collective
control shall not exceed the values specilied
in table TL. "T'he breakout foree (inecluding
friction) shall be within the aceeptable linits
as specifind in table 1

3.4.3 Maovement of the collective-piteh con-
trol shall not produce objectionable forees in
the eyclic control; in no case shall these forees
exceed 1 pound.
operatesi o1 nower-boosted  controls are uti-
lized, there siid! be o control oree coupling.

3.5 Aatorotation, rolor characteristics, and
miscellancous reguirements,

3.5.1 1t shall be possible while on the ground
to start and ~top the rotor blades in winds up
to at least 45 knots. For helicopters with a
gross weight of less than 1,000 pounds, this re-
quirement shall be at least 35 kuots.  For all
ship-based helicopters, this requirement chall
be at least 60 knots while headed into the wind.

3.5.2 Tt shall be possible without the use of
whicel clhiocks to maintain a fixed position on a
level paved surfuee with takeoff rotor speed
while power is being isereased (o (nkeofT power
in winds as specitied in 354 1.

3.5.3 It -hall be possible to perform all
required meluding taxiing  and
pivoting, withou! damage 1o rotor coning stops
and without contact between the blades and
any part of the strueture.

3.54 The helicopter shall he capable of
making satisfuctory landings and  takeoffs.
Specificallv. the following conditions shall be
met.

2.5.4.1 T1i shall be possible to make satisfac-
tovy, safe vertical takeoffs and landings in
steady winds up to 45 knots and winds with
et up 1o 45 knots. This stall apply to all
nelicaptirs, exeopt those with o gross weight

8

In helicopters where power-

NBEHVETS,

less than 1,000 pounds, which shall be capable
of the foregoing in winds and gusts up to 35
knots.

3.5.4.2 From a level paved surface, it shall
be possible to make satisfactory, safe running
takeotfs with wheel-type gear, up to ground
speeds of at least 33 knots.

3.5.4.3 For both power-on and autorotative
conditions, it shall be possible to mnake satis-
factory, safe landings ou a level paved surface,
with whedl and skid gear, up to ground speeds

T at foast 35 knots,  This shall be construed to
cover lundings with 3 knots ground speed in any
direetion and un to a side drift. of at least 6
ko when binding with a ground speed of
30 knots.

3.5.44 In watorotation at o touchdown
ground speed of 35 knots on a level paved sur-
face, with wheel and skid gear, it shall be
possible to hring the helicopter to w stop within
200 feet

3.5.4.5 For all helicopters equipped  with
cmergency {loiation gear in both power-on and
autorolative conditions, it shall be possible to
make szlisfactory, safe landings, on smooth
water up lo at least 15 knots surface speed.
This shall be construed to cover landings with
3 knots surfice speed in any direction and up to
1 side drift of at least 5 knots when landing
with a surface-speed of 15 knots.

3.5.5 The helicopter shall be capable of
entering into power-off autorotation at all
speeds from hover to maximum forward speed.
The transition {rom powered flight to autorota-
tive {light shall be established smoothly, with
andequate controllability and with a minimum
loss of altivade. It shall be possible to imake
this tran=tion safely when initintion of the
necessary manunl collective-piteh control mo-
tion hus been delayved for nd Jeast 2 seconds
foHowing loss of power. At no time during
this maneuvei shall the votor speed full below
a safe minimum transient autorotative value
{as distinet [rom power-on or steady-state
autorotative values).  This shall be construed
to cover bhoth single und multiengine helicopters,

3.5.5.1 Sudden power reduction, power ap-
plication. or loss of power with collective con-
trol fixed, ~hall not produce piteh, roll, or yaw
attitude changes in excess of 10 degrees in 2
secondds, except that, at speeds below that for
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best climb, a 20-degree yaw in 2 seconds will
be accepted.

3.5.6 The control forces during the transi-
tion to autorotative flight under the conditions
of 3.5.5 shall never exceed the values specified
in table II.

3.5.7 It shall be possible, in still air at sea
level, at the end of stabilized autorotative
descents, to make repeatedly safe, power-off
autorotative landings at speeds of 15 knots or
less. Reduction of this autorotative lunding
speed to zero is highly desirable. This shall be
construed to cover both single and multisngine
helicopters.

3.5.8 TFor helicopters equipped with power-
boosted or power-operated controls, the follow-
ing conditions shall be met:

() In trimmed level flight at any speed,

‘ out-of-trim conditions resulting from
abrupt power-operated control sys-
tem failure shall be such that:

(1) With controls free for at least
3 seconds, the resulting
rates of yaw, roll, and pitch
shall not exceed 10 degrees
per second, and the change
in normal acceleration shall
not exceed + % g.

(2) It shall be possible to contitue
level flight with zero side-
slip with forces to operate
the controls not cxceeding
80 pounds for the directional
control, 25 pounds for the
collective and longitudinal
controls, and 15 pounds for
the lateral control.

(b) With power-operuted control system
off, it shall be possible to trim steady
longitudinal, lateral, and directional
control forces to zero under ull the
conditions and speeds specified in
3.2.1 and 3.3.2.

(c) With power-operated control system
off, the collective-pitch control shall
not tend to creep, whether or not
cyclic or directional controls are
moved.

(d) With the helicopter trimmed in steady
level flight at 40 knots under power-
operated control system failure con-
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ditions, it shall be pussible without
retrimming ‘o make & normal land-
ing approach and landing with ¢on-
trol forces not excceding the linuts
given in 3.5.8(a)(2).

(¢) Engine failure or -clectrical systemn
failure, or both, shall not result in
primary power-operated control sys-
tem failure.

(f) Poweor-operated control system failure
shall not result in failure of the trimn
systems.

(8 For helicopters having two or more
sompletely independent. power-op-
ernted control systems, the require-
ments of 3.5.8(a) shall be mev upen
fuilure of one of the complete s, s-
tems during the period of transfer
from one system to another. With
the remaining system or sysicins,
3.5.8(b) shall apply and the rutes of
control motion attainable shail be
such that safe operation of the heli-
copter is in no way compromised,
and shall in no case be less than 50
percent of the normal rates. In
such operations, including the ap-
proach and landing specified in
3.5.8(d), the control forces stated in
3.5.8(a)(2) shall be considered an
absolute maximurn, and it is desired
that these forees be considerably
lower.

3.5.9 Automatic stabilization and control ur
stability augmentation equipment, or Loth,
may be emploved to meet ull of the above
requircments of section 3, provided that suita-
ble separate requiresnents for ystem refiability
aro met. If such equipment is employed, the
following conditions shall be mei:

(a) With the automatic stabilization aad
control or stubility augmentation
equipment or both engaged, and
from steady level flight for a period
greater than 30 seconds, out-of-trim
conditions resulting from abrupt
complete disengugement or fram
abrupt complete failure of the equip-
ment shall bo such that with conirois
free for 3 scconds following the dis-
engagement or fature, the resulting

9
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rates of yaw, roll, and pitch shall
not exceed 10 degrees per second
and the change in normal accelera-
tion shall not exceed + % g. When
engaging the automatic stabilization
and control or stability augmenta-
tion equipment, there shall be no
apparent switching transients.

(b) For helicopters employing completely

independent dual automatic stabili-
zation and control or dual stability
augmentation equipment, or a coin-
pletely independent combination of
both, the requirements of 3.5.9(a)
shall be met upon the failure of one
complete system during the period
of transfer from one system to
another, but need not be met for a
simultaneous failure of both.

(¢) It shall be possible on the ground, with

the automatic stabilization and con-
trol or stability augmentation equip-
ment or both operati ig and engaged
L0 Tuove the contross manually o aill
amuts without exceeaing tho iorces
of table ii. ¥or hciicopters with
power-operated controls, this re-
quirement shall apply also with
rotor stopped.

(d) Helicopters employing automatic sta-

bilization and control or stability
augmentation equipment or both
shall possess a sufficient degree of
stability and control with all the
equipment disengaged to allow con-
tinuation of normal level flight and
the manueverinrg necessary to permit
a safe landing under visual fight
conditions.

(e} In cases where automatic stabilization

and control or stabiity augrientu-
tion devices, or both, are used to
compensate for divergent tendcr: s
of the basic airfraime, s cousideriile
margin of control power Dherond
that needed to overcome airfeame
wmstability under ~iinple flight con-
ditions shali be provided. Yor this
purpose, sullicient control margin
over the amount required to perforn;
maneuvers and to uccomplish sta-

bility augmentation shall be pro-
vided. Specifically for pitch, roll,
and yaw control, the augmentation
sysiviun in combination with pilot
conirolled inputs shall not utilize
more than 50 percent of the avail-
able control moment in the unstable
direction from the trim position for
straight level flight at a given spoed
when porforming the following
maneuvers:

(1) Steady level-flight turn at
cruisa #oer-l to maximum
load f: » attainable in
actual uperation, or the
design or placard load
factor, whichever occurs
first.

(2) Steady sideslips in both
powered and autorotative
flight at the combina-
tions of speed and sideslip
angle set forth in 3.3.9.

3.5.10 For all operating conditions, there
shuil be no dead spots in any of the control
systems which permit more than =+0.2-inch
motion of the cockpit control without corre-
spooding motion of the rotor blades, control
surfaces, rle.

3.5.11 For all operating conditions, longi-
tudinal, lateral, directional, or vertical control
motions shall not produce adverse response of
the helicopter due to mechanical coupling in
the control systern.

3.5.11.1 If mechanical intermixing of longi-
tudinal, lateral, directional, or vertical control
motions is required to achieve the uwbove
requirements of section 3, no adverse limitations
in control power shall exist with any possible
combination of control inputs throughout the
entir: range of each of the control motions.

3.6 Instrument flight characteristics.

3.6.1 Y¥or any helicopter required to operate
under instrument flight conditions, the more
stringent supplementary flying qualities require-
ments of 3.6 shall apply, in additon to the
faregoing reouirements of section 3. It shall
he possible, witheut demanding undue pilot
cifort, te fly on instruments at all speeds, from
hover 1o design eraise speed; for this nurpose
nutomutic stabilization und control or stability

—
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augmentation equipment, or both, may be
employed, in addition to any required for com-
pliance with visual flight criteria. The failure
or disengagement of the equipment that pro-
vides the instrument flight characteristics shall
not result in a degeneration of the stability and
control characteristics of the helicopter helow
any of those speecified in this specification for
helicopters required to operate under visual
flight conditions.

3.6.1.1. For any helicopter required to
operate under instrument or all-weather con-
ditions, the following control power and angular
veloeity damping requirements shall apply in
hovering:

| Angular displace- | Angular
ment at end of 1 veloeity
sec. for a rapid 1- | damping
i inch control dis- ft-1bs/
! placement-degrees | rad/sec.
t
73
Long + dowale. oo \’/W+01000 P15 (1,07
11
Dirc. e v/ W+1000 27 (1,)0
Late: . __ ... .. M 25 (1,)0-7
1
v wteral requirement is hased on the angular dis-
place: ¢ ul the end of one-half second following a control
displ:  nent gnd for a I-inch conlrol displacement shall
32 i
be « ist W':‘rozé degrees displacement tn the first
on ' f second. For full available displacement of the
¢+ s from trim, the values of angular displacement

ol above shall be wmultiplied by 4 for longitudinal
; for lateral and for directional values,

.6.1.2 TLongitudinal- and lateral-directional

«illations with controls fixed following a single

Visturbance in smooth air shall exhibit the fol-
‘owing characteristics:

(a) Any oscillation having a period of less
than 5 seconds shall dump Lo one-
half amplitude in not mare than one
cycle. There shall be no tendency
for undamped small amplitude oscil-
lations to persist.

{b) Any oscillation having a period of less
than 10 seconds shall damp to one-
half amplitude in not more than two
cycles. There shall be no tendency
for undamped small oscillations to
persist.

(¢) Any oscillation having a period greater
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than 10 seconds but less than 20
seconds shall be at least lightly
damped.

(d) Any oscillation having a period greater
than 20 seconds shall not achieve
double amplitude in less than 20
seconds.

3.6.2 The requirements specified in 3.3.9
shall be extended Lo include control foree sta-
bility, and the variations of pedal force and
lateral control force with sideslip shall conform
to the requirements specified in 3.3.9 for the
corresponding control displacements,  In addi-
tion, the requirements spectfied in 3.3.9.1 shall
apply with pedals (ree.

3.6.3 Tho helicopuer shadl, at ull forward
speeds and at all trun and power conditions
specified in table I, possess positive, static
longitudinal control force, and control position
stability with respect to speed.

3.7 Vibration characteristics.

3.7.1 In general, throughout the design
flight envelope, the helicopter shall be free of
objectionable shake, vibration, or roughnuess.
Specifically, the following vibration require-
ments shall be met:

{a) Vibration accelerations at all controls
in any direction shall not exceed
0.4 g for frequencies up to 32 cps
and a double amplitude of 0.008
inch for frequencies above 32 cps;
this requirement shall apply to all
steady speeds with the helicopter
design fhght envelope and in slow
abd raptd transitions from one speed
to another and during transitions
from one steady acceleration to
another.

(b) Vibration accelerations at the pilot,
crew, passenger, und litter stations
ut all steady speeds Hetween 30 knots
rearward and V., shall not ex-
ceed 0.15 g for frequencies up to 32
¢ps and a double amplitude of 0.003
inch for frequencies greater than 32
cps. From V_ .. to V. the

maximum vibratory aceeleration
shall not exceed 0.2 g up to 36 cps,
and a double amplitude of 0.003
inch for frequencies greater than 36
cps. At all frequencies above 50

11
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cps a constant velocity vibration of
0.039 fps shall not be exceeded.

(c) Vibration: characteristics at the pilot,
crew, passenger, and litter stations
shall not exceed 0.3 g up to 44 cps
and a double amplitude of 0.003
inch at frequencies greater than 44
cps during slow and rapid linear
acceleration or deceleration from any
speed to any other speed within the
design flight envelope.

3.7.2 The magnitude of the vibratory force
at the controls in any direction during rapid
longitudinal or lateral stick deflections shall
not exceed 2 pounds. Perferably, these vibra-
tory forces shall be zero.

3.7.3 The helicopter shall be free from
mechanical instability, including ground
resonance, and from rotor weaving and flutter
that influence helicopter handling qualities,
during all operating conditions, such as landing,
takeoff, and Hight.

4. QUALITY ASSURANCE PROVISIONS
Not applicable.

5. PREPARATION FOR DELIVERY
Not applicable.

6. NOTES

6.1 Intended use. This specification ostab-
lishes the design requirements for flying and
ground handling qualities of military heli-
copters.

Notice: When Government drawings, specifications,
of other data arc used for any purpose other than in
conncction with a definitely related Government pro-
curement operation, the United States Government
thereby incurs no responsiblity nor any obligation
whatsoever; and the fact that the Government may
have formulated, furnished, or i+ .y way supplied the
said drawings, specifications, or other data is not be be
regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any
way he related thereto.

Custodians:
Army—TC
Navy—Wep
Air Force—AFSC

Preparing activity:
Alr Force— AFSC
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