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I. .

ABSTRACT

Stability and control tests were conducted on a production model
OH-58A helicopter to evaluate its flying qualities in the unarmed
configuration and in an armed configuration with the XM27EI weapon

system. Limited testie.- was also performed to evaluate the hell-
copter .lope landing capabilities and flying qualities with skis
installed. Human factors and maintainability characteristics were
noted throughout the evaluation. Testing was performed by the
US Army Aviation Systems Test Activity, Edwards Air Force Base,
California, between 6 October 1969 and 16 February 1970. The test-
ing consisted of 89 flights which totaled 85.3 hours of productive
flight testing. There were no deficiencies recorded. Eighteen
shortcomings are reported. Difficulty in maintaining precise
directional control during hovering flight is a shortcoming which
warrants improvement on a priority basis. This shortcoming requires
excessive pilot effort and degrades the accuracy in firing of the
XM27El armament subsystem. It is recommended that a caution note
be placed in the operator's manual warning against hovering in a
tail wind in excess of 30 knots. The capability of landing on a
10-degree slope was marginal but is not considered to be a short-
coming. Flying qualities of the aircraft with skis installed were
satisfactory. Maintainability of the helicopter was exnellent
LhruughouL the tesL prograw.
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fOREWORD

Throughout the 01-58A stability and control Lusting, technical

support was provided under contract by the airframe manufacturer,
Bell Helicopter Company, Fort Worth, Texas, and the engine manu-
facturer, Allison Division of General Motors Corporation, Indian-
apolis, Indiana. Instrument calibration, emergency fire fighting,
scientific photography and medical support were provided by the
'US Air Force Flight Test Center, Edwards Air Force Base, California.
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INTRODUCTION

BACKGROUND)

1. A I imited engineering flight test of the Boll lionel 206A

helicopter (JetRanger) was conducted during the US Army
Light Observation llelicopter (LOll) procurement comipetitlun
from September through D)cecmber 1967. The Bell Pcllopter
Company (B1IC) of Fort Worth, Texas, was subsequently awarded
a production contract to build a modified version of the
Model 206A with the military designation 011-58A.

2. During the period from 26 June 1969 through 9 July 1969, the
Army Preliminary Evaluation (APE) of the OH-58A was conducted at
the BIHC facility. This APE consisted of limited quantitative and
qualitative stability and control testing with the OH-58A in

the armed scout configuration, as defined in the detail specifi-
cation (ref 1, app I). Thirteen test flights were performed,
totaling 9.1 productive hours.

3. On 7 August 1-968, the US Army Aviation TesL Activity (USAAVNTA),
now the US Army Aviation Systems Test Activity (USAASTA), was
directed (ref 2, app I) by the US Army Aviation Systems Command
(USAAVSCOM) to conduct Airworthiness and Flight Characteristics
(A&FC) testing on the OH-58A helicopter. The testing was divided
into two phases: Performaiice, and Stability and Control, with I
separate reports required for each phase. Performance testing
was completed in January 1970, and the finol report was published

in 1970 (ref 3). This report contains the final results of the
stability and control testing.

TEST OBJECTIVES

4. The objectives of the 01-58A stability and control tests were
to determine the capability of the helicopter to perform its Intended

mission, and to verify compliance with the requirements of the
military specification (mil spec) MIL-lI-8501A as amended by dcvi.-
ation 1.9 of the detall, specification (ref 4, app I). Special teists
wore conducted to evaluate the aircraft'so handdling qualities
during firing of the XM27,I armament subsystem and under varl.ous

conditions with skis lastened to the skid landing gear. A qua1I.-
tative analysis was performed to determine the slope-lauding
capability of the OH--58A, maintenance characteris tics and humann
factors relating to the helicopter. Specification complLance was
determined both with the XM27EI armament subsystem installed and
removed.
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DESCRIPTION

5. The 011-58A light observation helicopter has a single main
rotor, and an antitorque tail rotor which are two-bladed, semirigid
and teetering. The tail rotor also has a delta three hinge. The
cockpit provides side-by-side seating for a crew of two (pilot
and copilot/observer), and the cargo compartment has seats for two
passengers. Dual flight controls are provided. The cyclic and
collective controls are hydraulically boosted and irreversible, while
the antitorque tailrotor control is unboosted. The main landing
gear consists of fixed, energy-absorbing skids. The helicopter
is powered by an Allison T63-A-700 free gas turbine engine with a
takeoff power rating of 317 shaft horsepower (shp) under sea-level
(SL), standard-day uninstalled conditions. The main transmission
has a rating of 270 shp for continuous operation with a takeoff
power limit of 317 shp (5--minute rating). More detailed aircraft
information may be found in reference 5, appendix I.

6. The X027E3 armament subsystem consists of one XM134 high rate

7.62 millimeter (mm) (GAU-2B/A) with mount, feed system and
ammunition boxes, and one XM70EI weapon sight. The armament sub-
system is mounted on the left side of the holicupter near the
longitudinal center of gravity (cg). The XM134 gun is adjustable
in elevation from 5 degrees above to 20 degrees below waterline (WL)
zero and is operated by either the pilot or copilot/observer. It
will fire at either 2000 or 4000 rounds per minute (rds/min). The
ammunition capacity is 2000 rounds.

SCOPE OF TEST

7. Stability and control tests on the O01-58A were conducted at
forward flight speeds ranging from 30 to 129 knots calibrated
airspeed (KCAS). Hover and sideward and rearward flight testing
was also performed. Approximate gross weights (grwt) ranged
from 2245 to 2990 pounds at density altitudes from sea level to
15,000 feet. The longitudinal center of gravity (cg) was varied
from full forward to full aft.

8. Testing was conducted in the armed configuration and with the

XM27E1 armament subsystem removed. The flying qualities of the
helicopter with the pilot door and the two passenger doors removed
were evaluated and compared with the doors-on configuration.

9. Testing was conducted in California at Bishop (elevation
4112 feet), Coyote Flats (elevation 9500 feet), Shafter (elevation
420 feet), and Edwards Air Force Base (elevation 2302 feet). The
test program was conducted from October 1969 to February 1970 and
consistud of 89 flights totaling 85.3 productive flight hours.

2
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MET•IOD OF TEST

10, The test methods utilized are outlined in the test plan (ref 6,
app I) and are discussed further in the Results and Discussion see-
Lion of this report. All tests were conducted under nonturbulent
atmospheric conditions to preclude uncontrolled disturbances from
influencing the test data.

11. An 01-58A helicopter (S/N 68-16706) was equipped with sensitive
calibrated instruments. A detailed list of the recorded parameters
is presented in appendix I1. The pilot's comments were used to aid
in the analysis of data and to assist in the overall qualitative
assessment of the flying qualities of the OH-58A. The Handling
Qualities Rating Scale (HQRS) is included as appendix III.

CIHRONOLOGY

12. The chronology of this test:

Test directive issued 7 August 1968
Test plan published May 1969
Test helicopter received 7 August 1969
First stability and control test flight 6 October 1969
A&FC testing completed 16 February 1970
Draft 'report submitted June 1970

.............................. .,- ,, i i I I I I I I I I



RESULTS AND DISCUSSION

STATIC LONGITUDINAL STABILITY

13. Static 1 itudinal collective-fixed stability and static
trim charac ýistics tests were performed. The static longitudinal
stability of the helicopter was evaluated in level flight and climb
by varying the airspeed in increments of approximately 7 knots

ri using the longitudinal cyclic control while maintaining the collective
fixed at the trim position. Control positions were recorded
while the helicopter was stabilized at each incremental airspeed
above and below the trim airspeed. Summary plots of the collective-
fixed curves are presented in figure 1, appendix IV, and show the
effects of changes in density altitude (HD), gross weight (grt),
helicopter configuration, flight condition and cg. Detailed data
plots showing the results of the collective-fixed tests are presented
in figures 2 through 9. The level-flight conditions are listed in
table 1. Collective-fixed tests were also conducted in climbs.

Table 1. Static Longitudinal Collective-Fixed
Stability Flight Test Conditions.

Density Gross Center

Configuration Altitude Weight of Gram.ity(ft) (lb) (in.)

Armed 1  880 2,660 105.8 (fwd)

Armed' 6,360 2,660 106.7 (fwd)

Armed1  15,030 2,665 106.7 (Mwd)

Armed' 5,960 2,900 106.1 (fwd)

Armed' 6,290 2,953 L12.1 (aft)

Armed 2  6,090 2,680 106.4 (fwd)

CleanI 5,990 2,620 106.2 (fwd)

Clean1  6,040 2,340 111.0 (mid)

1 Doors on.
2 Doors off.

L "4j
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14. Static longitudinal trim characteristics were investigated by
measuring control displacement at trim conditions in level flight,
autorotatlon and climb. Airspeed was varied in increments of approxi-
mately 10 knots by changing power. These data are summarized in
figure 1.0, appendix IV, and presented in detail in figures 11 through
18. Flight conditions anu helicopter configurations for the tests
were approximateiy the same as those listed in table 1.

Culleet~ve-Fixed Characteristics

15. The longitudinal control position gradient with airspeed was
stable (negative) for all flight conditions during the collective-fixed
testing although the position gradient was weak (shallow slope) for
the 2340-pound grwt, mid cg condition at a level-flight trim speed
of 59 KCAS (fig. 1, app IV). A shallow position gradient results
in a lack of control displacement cue as airspeed changes; however, in
this case, it was not of such a reduced magnitude as to be objectionable
to the pilot (11QRS 3). Since a linear relationship exists between
the longitudinal control force and the control position when the
force trim is turned ON, the control force gradient was also negative
for all force-trim ON flight conditions.

16. No clearly defined trend was exhibited by the effects of density
altitude on the collective-fixed static longitudinal. stability. At
the lowest test altitude (880-ft HD), as shown in figure 1, appendix IV,
there was a more negative position gradient than for the 6360-foot hD.
At airspeeds above 65 KCAS, however, the highest test density altitude
(15,030 ft) also resulted in a gradient which reflected inore static
stability than at the 6360-foot HD condition.

17. The effects of center of gravity on the collective-fixed static
longitudinal stability in level flight were well defined. The stability
was less with aft cg locations. The helicopter exhibited more negative
gradients with Increasing gross weights. Removal of the doors had no
noticeable affect on static longitudinal stability. Removal of the
weapons system, however, resulted in a more negative gradient (fig. 1,
app IV). The combined effects uf changing the individual parameters
discussed above are shown in figure A. In this figure, the least
negative stability gradient (2340-lb grwt and mid eg) is compared with
the most stable configuration tested (2620-ib grwt and fwd cg).

18. For several flight conditions, as shown in figure 1, appendix iV,
the iongitudinal stability gradient for climb was greater than that
for level flight. For all flight conditions, the climb gradient was
at least equal to the level-flight gradient.

5



FIGURE A
COLLECTIVE FIXED LONGITUDINAL STABILITY

CURVE CG GROSS DENSITY CONFIGURATION
NUMBER -IN WEIGHT ALTITUDE

-LB -Ft

1 1062(FWD) 262O 5990 CLEAN (DOORS ON)
2 111.0(MID3 2340 6040 CLEAN (DOORS ON)

-0.06 COMPARISON BETWEEN MOST

STABLE AND LEAST STABLE
LEVEL FLIGHT CONDITION

L. o. .... .__-
:~ Z<

+
UNS TA+! ,0 -o -

t ~CALIBRATED AIRSPEED •KNOTS

S~tatic Longit~udinal Trim Characteristics

19. F'igure 10, appendix IV, is a summary plot which shows the results
of the tests that determined the control positions in forward level
flight, climb and autorotation. A comparison of the weakest control
position gradient with the most negative gradient is shown in figure B.

20. In the static trim characteristics tests, as in the collective-
fixed test, the control position gradients became less negative as
the cg was moved aft or gross weight was decreased (fig. 10, app IV).
The weakest gradient for each configuration was evident in autorota-
tion, The diffe3rence between climb and level flight was negligible.
Varying the helicopter configuration from the clean to the armed
configuration or by removing the doors had a negligible effect upon

! tested, the longitudinal control position gradient approached zero

ewen20 and 30 KCAS. Positive gradient.s were found to exist at
owrforward speeds (see discussion on low-speed forward flight under

heheading: Sideward and Rearward Flight, paragraph 58). All control
mriswere adequate and met the requirement of the mil spec at the

forward cg; however, at two conditions (figs. 15 and 17), a'- a mid
and an aft cg, the~mbl spec forward longitudinal control margin
requirement of 10 petzent remaining was reached at 120 KCAS. The data
indicate that this control margin could not be achieved at light grwt,
full aft eg conditions.

LI
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FIGURE B
LONGITUDINAL CONTROL GRADIENTS

CURVE CG GROSS DENSITY CONFIGURATION
NUMBER -IN WEIGHT ALTITUDE

-LB -FT
1 105.9(FWD) 2695 6u40 CLEAN (DOORS ON)
2 111.1(MID) 2360 6030 CLEAN (DOORS ONJ

-0.08 COMPARISON BETWEEN MOST
• EXTREME LEVEL FLIGHT CONDITIONS

00-00

9•.-o.o2

To ,0 80 100 120 1, 0

CALI8RATED AIRSPEED-- KNOTS

21. At the highest. airspeed tested (approximately 90 KUAS), autoro-
tations required 2 to 3 inches more aft cyclic stick displacement
than did climbs. The longitudinal cyclic deviation between autorota-
tion anid climb exceeded the 3-inch limit (para 3,2.10.2 of the
rail spec for three test conditions at 90 KCAS (figs. 12, 17 and 18,
app IV). Since the helicopter configuration, cg, and gross weight
were different for each of the three instances, no consistent t~rend

could be defined. It was noted that for several other conditions
tested, the longitudinal cyclic deviation between climb and autoro-
tation approached the limit of the rail spec at the highest airspeed

tested. Qualitatively, however, this deviation was not objectionable
to the pilot during flight.

VJ
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22. There was generally less than 1 inch of lateral cyclic vari-
ation between climb and autorotation. Pedal displacement between
climb and autorotation varied from 1 to 2 inches. Variations In
the lateral cyclic movement and pedal travel with changes in air-
speed were insignificant. The mil spec requirements (pare 3.3.17)
for the lateral cyclic travel were satisfied.

23. A few minor problems were encountered during the static longi-
tudinal stability testing. It was difficult to maintain precise
rotor rpm control during autorotation, ie, small variations in pitch
attitude or sideslip angle would cause lacge fluctuations in rotor
speed (±20 rpm). This condition should not pose a problem for normal I
mission accomplishment. CoNtrol of rotor speed in autorotation was
considerably easier at a 15,000-foot HD than at 6000 feet. Also, it
was easier to stabilize on level-flight points at the higher alti-
tude. During the low-speed testing (below 40 knots indicated air-
speed (KIAS)), stabilized flight was relatively difficult to maintain
because of the apparent influence of the aircraft long-period mode
and a slight Dutch-roll oscillation which occurred occasionally
(discussed more fully under the heading: Static Lateral-Directional
Stability).

24. For all flight conditions, cyclic control forces could be
easily reduced to zero by the use of the force trim system. "Stick
jump" (an unwanted control motion resulting from pressing the force
trim button while a force is being held against the cyclic control)
was negligible during the flight testing. There was no evidence of
cross-coupling between the cyclic and the collective controls
during flight with the boost ON'. Notwithstanding the mil spec
noncompliances mentioned in paragraph 21, the static longitudinal
collective-fixed and trim characteristics of the helicopter were
satisfactory for all conditions tested (HQRS 2).

STATIC LATERAL-DIRECTIONAL STABILITY

25. Static lateral-directional stability was tested under the flight
conditions listed in table 2. The tests were conducted by establish-
ing a trim airspeed with zero sideslip and varying the sideslip angles
while maintaining constant airspeed and ground track. The boom-
mounted, pitot-static swivel probe used during the stability and
control testing, eliminated sideslip-induced errors in the indicated
airspeed. Control positions were recorded for each steady-heading
sideslip. The results of the static lateral-directional stability
tests are summarized in figure 19, appendix IV, and presented in detail
in figures 20 through 29. A comparison between the most stable
(2670-lb grwt, fwd cg) and the least stable (2360-lb grwt, mid cg)
lateral and directioual control position gradients is presented In
figure C.

8

i j



0.

FIGURE C
STATIC LATERAL DIRECTIONAL STABILITY GRADIENTS
CURVE CG GROSS DENSITY CALIRRATED
NUMBER ,-IN WI&GHT ALYTUDE AIRSPEED•' -,F T r,- T

1 107.2(FWD) 2670 14920 53
2 11 1.1MI D) 2360 6120 53

+0.10
COMPARISON BETWEEN MOST STABLE
AND LEAST STABLE LEVEL FLIGHT

+0.05 CONDITION

I- lux, UNS TABLE ,

z-0.05

-0.20

l o -0 .1 -, ,

-0.150_
.. U' '_-_•

*.•z9 -0.05-o - .- - -

ANGLE OF SIDESLIP-DEGRrES

26. The directional control pedal position versus sideslip gradient
was stable (negative) for all level flight and climb flight conditions
and aircraft configurations (fig. 19, app IV). The pedal position
gradients decreased with decreasing gross weights and aft cg movement.
Pedal position gradients increased with increasing airspeed fo7 all
flight conditions, Density altitude variations showed no clearly
defined trend. The effect of other test condition variables was negli-
gible (ie, dours and armament subsystem configurations) upon the
level-flight, static lateral-directional stability.

27. Bank-angle gradients were essentially linear which indicates
that there were positive side force characteristics for all level-
flight and climb conditions testnd. Side force increased with
increasing airspeeds and provided strong cues as to tl, d:irectional
stability of the helicopter.

9



Table 2. Static Lateral-Directional Test Conditions.

Altitude Gross Center Flight
Configuration (ft) Weight of Gravity Mode

(lb) (lb)

Armed1  1,660 2,735 105.9 (fwd) Level

Armed' 5,980 2,570 106.9 (fwd) Level

Climb,
Armed' 5,790 2,620 107.0 (fwd) Climbautorotation

Armed' 14,920 2,670 107.2 (fwd) Level

Armed' 6,020 2,840 105.6 (fwd) Level

Armed' 5,930 2,960 112.1 (aft) Level

Armed2  5,990 2,655 106.5 (fwd) Level

Clean1  5,970 2,650 105.7 (fwd) Level

Clean1  6,120 2,360 111.1 (mid) Level

1Doors on.
2 Doors off.

10



28. Lateral cyclic control position gradients approached zero at
53 KCAS in level flight and 49 KCAS in climb at sideslip angles
greater than 30 degrees both right and left (fig. 21, app IV).
Although effective dihedral was weak at the high-sideslip angle flight
conditions, it was not an objectionable characteristic for normal,
operational flying at low-sideslip angles. The effective dihedral
was found to increase with increasing gross weights and increasing
airspeeds. The effect of varying the cg was negligible (fig. 19).

29. In autorotation at 49 KCAS, the pedal-position gradient
(fig. 22, app iV) was essentially neutral at the zero-sideslip
point. For the same flight condition, the lateral stick-position
gradient and the dihedral effect were unstable (negative) for sideslip
angles greater than 25 degrees left, slightly stable (positive)
between 25 degrees left and 30 degrees right, and neutral above a
30-degree right sideslip. In autorotation at 85 KCAS, a reversal
(from positive to negative) in the slope of the lateral control
occurred at sideslip angles of approximately 1.5 degrees both right
and left (fig. 23). Qualitatively, this gradient reversal would
not be objectionable to the pilot during normal mission flying.
Bank-angle gradients found during autorotation indicated the presence
of d linear side force characteristic which increased in magnitude
with airspeed. The operational pilot could fly the helicopter
inadvertently in a small degree of sideslip in either direction, while
performing a low airspeed autorotation, because of the combination
of a weak positive dihedral effect and a weak pedal-position gradient
(1IQRS 3). This condition should not adversely affect mission accoin-
plishment.

30. During the static lateral-directional stability testing, a
significant Dutch-roll oscillation was encountered at left sideslip
angles of approximaLely 5 degrees. Typical time histories of the
oscillation are shown in figure D and also in figure 30, appendix IV.
The oscillation was moderately damped at lower airspeeds, but the
damping effect decreased as airspeed was increased. At the higher
airspeeds the Dutch-roll oscillation was neutrally damped. Damping
increased when the doors were removed and when the armament subsystem
was not installed. The oscillation is not likely to occur during the
normal operations (when the helicopter is in a zero-sideslip or slight
right-sideslip condition) except during very turbulent conditions,
but would be extremely objectionable during firing if the pilot inad-
vertently placed the helicopter in a slight left sideslip (IIQRS 4).
In such a situation the firing accuracy would be significantly degraded.
Coirerl-eion of this shortcoming is desirable.

11



FIGURE D
DUTCH ROLL

CAIRAE G .jMOSS DENSITY CONFIGURATION
AIRSPEED -IN WEIGHNT ALTITUDE

-KTS -.I L -'FT
93 105.7(FWD) 2740 2950 ARMED(DOORS ON)

2

4 N1

6-

t: -

4

w4-

'6 6

TIME - SEC
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31. At right-sideslip angles greater than 15 degrees with airspeed
at 80 KCAS or greater, a high-frequency (21.5 Hertz) vibratLion was
evident in the helicopter. The souTce of the vibration was observed
to be a small amplitude, lateral vibration about the lougitudlnai
axis of the upper vertical stabilizer. A photographic record waa
made of this vibration. The condition would normally not be encun..
tered during an operational situation where sideslip angles seldom
reach this magnii-`-'' and is not considered a problem.

32. In general, overall static lateral-directional flying
qualities of the Un-58A were auceptable (HQRS 4). The requirements
of paragraph 3.3.9 (,f the mil spec were not met in autorotation
at 85 KCAS for the lateral stick and pedal gradients (fig. 23,
app IV), in that the gradients were not approximately linear. Also,
some gradients were slightly unstable (figs. 22, 23, and 29) at
various airspeeds. These characteristics were not objectionable
in flight; however, the previously discussed shortcoming accounted
for the relatively low pilot rating of the O11-58A in static lateral-
directional stability.

DYNAMIC STABILITY

33. Longitudinal., lateral, and directional dynamic stability
characteristics of the helicopter were tested at approximately the
same conditions as listed in table 3. Representative results are
presented as time histories in figures 31 through 36, appendix IV.

34. The longitudinal, long-period dyri-amie stability characteristics
were evaluated by stabilizing the helicopter at tim airspeed and
then increasing and decreasing the airspeed by des'ired Increments
using only the. cyclic control. The controls were then returned to
the trim position, and the helicopter response was observed by the
pilot and recorded on an oscillograph. The long-period oscillatory
mode was conveorgent for all level-f light conditions, the damping
increased with increasing airspeed. In a maxi!mumn-power climb, the
long-period mode was divergent at 35 and 49 KCAS, and damped at
80 KCAS. The period of the oscillation was approximately 20 sec'onds
for all flight conditions. Damping was well within the limits
of paragraph 3.2.11 of the mil spec. There was no control coupling
present, nor was rotor overspeed a problem. The long-period mode
was easily excited at low airspeeds (below 40 KIAS) during level.-F1l'ight
tests (para 23); however, this characteristic should not: be dutrimuntai
to mission accomplishment.

13



35. The longitudinal gust response characteristics of the helicopter

were tesLed by applying cyclic pulse inputs to excite the aircraft

short-period mode. The test results are presented in figures 31 and 32,

appendix IV. For all conditions tested, the short-period mode was

heavily damped, and the requirements of paragraph 3.2.1.1 of the mil spec

were met. The longitudinal dynamic stability of the helicopter was

satisfactory (1IQRS 2).

36. Lateral gust response characteristics were tested by applying
lateralL pulse inputs to the cyclic control (figs. 33 and 34,
app IV). The spiral stability characteristics (ability oE the
helicopter to return to level flight after a disturbance in the
roll axis) indicated a neutral mode. This was most evident during
turbulent flight conditions where constant, small lateral control
corrections were necessary. Neutral spiral stability was accept-
able for the tasks tested (HQRS 3), although it would be objec-
tionable if the helicopter were to be flown under instrument flight
conditions.

37. Pedal pulse inputs resulted in lightly to moderately damped
yaw oscillaLions (figs. 35 and 36, app IV). Yaw damping varied
directly with airspeed and varied inversely with altitude. At
a 3,000-foot 11D, the yaw axis damping ratio, determined by the
transient peak ratio method, was 0.15 at 63 KCAS and iucrew.ed
to 0.30 at 108 KCAS. A directional disturbance usually resulted
in a slight nose-down pitching 6f the helicopter. This character-
istic was acceptable for the tasks being evaluated. A lightly
damped, Dutch-roll oscillation was occasionally generated by the
Pedal pulses. This oscillation was also encountered during the
static, lateral-directional testing as discussed in paragraph 30.
'The dynamic lateral and directional flying qualities were satils-
factory for the tasks tested (UQRS 3).

CONTROL RESPONSE AND SENSIT:VITY

General

38. The longitudinal, lateral and directional control response
(maximum angular rate per inch of control input) and sensitivity

(maximum angular Lcceleration per inch of input) of the helicopter
were tested at the flight conditions listed in table 3. The step
input method was used for these tests. Each control was rapidly
displaced and then held firmly against a rigid fixture until the
maximum rate was reached or until recovery became necessary.
Resultant attitudes, ;'ates and accelerations were recorded on an
oscillograph. The results are presented in figures 37 uhrough 58,
appendix IV. The helicopter responded in the proper diL'ection
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:Ln Lill axes compl-ying with tho requirements of paragraphs 3.3.16
I; and 3.2.9 of the mil spec. The control. power (helicopter angula.Tr

displacement per inch of control input pur second) for all axes
motC the minimium requirements of t~hu mil spec.

Tab.1 e 3. Control Response and Sensitivity Test Conditiorw.

DeL!nsi-.t y Gross Center

Conf iguraLitio Altitude Weight Of Grav Ly CondiLtion

Armed 1  -20 2,655 106.1 (fwd) llover CUE2

Armed 1  3,910 2,685 106.2 (fwd) Hulovr OGE

Armed 1 .10, 530 2,510 109 .1 (mid) [lover CUL

Artmed 1  270 2,960 106.0 (fwd) Hovevr CUE

'IArmed 
1'3  -9:30 2,81.0 111.9 (aft) Hlover CUE

Armed1  5,960 2,700 107.0 (fwd) Li?4  C, A'

Armud1  6,320 2,865 105.6 (fwd) Li?, C, c

Armed1  6,140 2,83U 11-2.0 (aft) LEF, G3  A3

Armed 1  1.4,900 2,660 1.06.9 (fwd) Li?

Armned1' 3,150 2,680 106.1 (fwd) Li?

Clean1' 5,720 2,6)75 105.2 (fwdl) LIT, C, A

Armed 3'7  5,950 2,620 106.4 (fwd) Li?, C, A

1Doors oni. 1Level flight:.
P.0ut of ground effect. 'Climb.
3, his condition was tes ted, 6 Autorotation.
but the data are not (js~ne. 7 Doors off.

39. 'Chio maximlum loungLtud-ina1 cont~rol response could net be
measured Lin hover. Recovery inputs were reqtuired prior to reaching
Oich waximum pitch rate In order to aveoid extreme aircraft attitudes.
TPherefore, .1ongi~tudlnal control, response in hover was measured
1 secood after the step input was Initiiated. The p Itch raL ducceascc
as airspeed 1C.MAC1 1111ec ad rangeJ!d Irom 10 ieg/sec./In. (uip and dtown)
in hover at a 3910-foot il1D to .5delc/i.(up) and 4. 5 do/sec/iLn.
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(down) at a 5960-foot HD and 115 KCAS. The effects of different
gross weights, eg's, density altitudes and flight conditions (climb
and autorotation) were negligible (figs. 37 and 38, app IV). The
pitch-axis rate damping met the requirements of paragraph 3.2.14 of
the mil spec. An Iyy of 1947 slugs/ft 2 , supplied by Bell Helicopter
Company, was used to determine this specification compliance.
40. Airspeed significantly affected the downward pitching sensitiviLy
which ranged I'Yom 15 deg/sec 2 /in. in hover to 10 deg/sec2 /.in. at

115 KCAS. The upward pitching acceleration remained essentially
constant. Moving the location of the cg had no noticeable effect on

the longitudinal sensitivity. The effects of different density
altitudes and flight conditionis were also negligible. Increasing
the gross weight from 2690 to 2980 pounds increased the sensitivity
by approximately 2 deg/sec2 /in. The longitudinal control response
and sensitivity were satisfactory (HQRS 2).

Lateral

41. The maximum lateral control response in hover was 24 deg/sec/in.
at a minus 30-foot HD and exceeded the 20-deg/sec/in. limitation of
paragraph 3.3.15 of the mil spec (figs. 39 and 40, app IV). This
limitation was exceeded at several other flight conditions but was not
considered to be objectionable. At a 3910-foot HD, it was 20 deg/sec/:In.
(both right and left). Lateral control response decreased at 49 KCAS
to approximately 14 deg/sec/in. (both right and left) but increased
with additional increases in airspeed and measured 22 deg/see/in.

(right) at 115 KCAS. In forward flight, the effects of different
helicopter configurations, altitudes, gross weights and cg's were
insignificant. In a hover, however, the lateral response decreased
as density altitude increased. Changing the flight condition at a
constant airspeed resulted in the most significant variation in lateral
control response. At 49 K[AS, the rate varied from 10 deg/sec/in.
(both right and left) in autorotation to 20 deg/sec/in. (both right
and left) in climb. Level-flight response at 49 XCAS was 13 to
14 deg/sec/in. These variations are assumed to have resulted from
the chanles in rotor thrust. The control response increased as thrust
increased. At greater airspeeds, the lateral response also varied
more between right and left step inputs. The differences between
the inputs ranged from zero In hover to 4 deg/sec/in. at 115 KCAS.
Although the lateral rate damping did not meet the minimum requirement
of paragraph 3.3.19 of the mil spec, it did comply with deviation 19
of the detail specification (ref 1, app I).

42. The lateral sensitivity increased slightly with increasing
airspeed and ranged from 30 deg/sec2 /in. (left) in hover to
34 deg/sec 2 /in. (both right and left) at 115 KCAS. At 49 KCAS, the
acceleration varied from 20 deg/sec 2 /in. (both right and left) in
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autorotation to 32 deg/sec2 /in. (r:tght) in climbs. Levcl-fli .ht
sensitivity at 49 KCAS was 26 dcg/suc 2 /i.n. (r[ght) and 24 dCg/sLc2 / n.
(left) . This nonlinear varlatiun with airspeed (which is sin lo•" t-o
the lateral response variation) was not objectionable to the p.lot.
Moving the eg aft increased the lateral sensitLviLy by UpproXtmuiteLy
4 deg/sec 2 /in. Gross weight, densLty altitude, and hellcopter con-
figuration effects were negligible. The 'ltaeral control response
and sensitivity are considered to be satisfact'ory (1IQRS 2).

1)irectional

43. The maximum directional control response In hover could not
be measured since the rate increased steadily with time, indLcilt:.Lng,
a lack of yaw rate damping (figs. 57 and 58, app IV). This char-
acteristic is an undesirable shortcoming (1IQRS 5), and correction
is recommended, Yaw rate should reach a maximum value quickly,
dependent only upon the magnitude of the control displacement and
not upon the duration of the input. As a result of the lack of yaw
rate damping, the time to reach a maxiLmum yaw ratce could not be
'neasured as aircraft rentovery was necessary befuore the maximum rate.
,as attained, Using thc "time constant" munLmod of deteruil ulng fiT j c: tA
order rate damping,

where: Moment of Inertiawhore: Damping Time to 0.62 Max Rate

the I.Ite damping approached zero since time to reach the maxi1tilti
rate was excessive. Therefore, the mininium yaw rate dampin.',
requirement of paragraph 3.3.19 of the rnil spec was not met. An
Izz of 1534 slugs/ft 2 supplied by Bell Helicopter Company was used
to determine this specification noncomplianec. rThe response in
hover was measured I second after the step input. The maxhiml-umI
directional. control response measured occurred in hovering flight"
and reachcd a VwlI.ue of 49 dog/sec/in. for the right pedal. step Input
at a 30-foot 11D (figs. 41 and 42, app IV). The minimum di.rcc.U I n.*l
control response was 11.0 dug/sec/In, to the right and occurred
during forward flight at 66 KCAS and at a 14,900-foot 11D. Airspeed
was the most significant variable which affected directionul. control
response and sensitivity at airspeeds of less than 38 KCAS, BUoth
rates and accelerations increased as airspeed decreased, The miixi.mtm
control sensitiv.ty was 68 djeg/sQe•:2/In,. (both rigL.ht L,ad l.eft) whlLch

also occurred in hover at the same fl£ IghIt condI tL.onsý as the maxIltmum
control response. Thie minlimum sensitl.vity was 33.5 dcg/soc 2 /A.n.
(both right and left) and occurred at the same flight conditions
as the minimum response des cribed above.

44. In level fllight, the raLtes and accu.ert, t I ons decrens ed siguilifl-
cantly as density altitudc increased. The effects of different:
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gross weights, cg's or helicopter configurations were insignificant,
and there was no appreciable variation between level flight, climb
and autorotation.

45. Longitudinal and lateral couplings were evident during directional-

control response testing. A slight downward pitching motion and a roll
in the direction of the yaw resulted from the pedal step inputs. This
coupling would not adversely affect mission aeconplishi-,ent.

MANEUVERING STABI:LITY

46. The maneuvering stability characteristics of the helicopter weretested for the flight conditions listed in table 4. The symmetrical

pull-up was the primary test technique used during the testing. For
this test, the helicopter was trimmed in level flight at. the desired
airspeed after which a cyclic pull-up to a slightly higher altitude
was initiated. A dive was then established, and the helicopter was

I accelerated to near trim airspeed. A symmetrical pull-up was exe-

c'uod so as to pass through the required trim airspeed, altitude,
pitch attitude and the desired load factor, simultaneously. Longi-

,tudinal stick force and normal acceleration were recorded at each
t•est point. The results are summarized in figure 59, appendix IV,
and presented in detail in figures 60 through 62. The maneuvering
stability characteristics were spot-checked during turns at the

pe2700pound grwt and forward cg. The results ore compared with corres-
ponding data obtained in pull-up maneuvers shown in figure 60.

Table 4. Maneuvering Stability Flight Conditions.

Density Gross Center Hydraulic
Configuration Altitude Weight of Gravity Boost

(ft) (lb) (in.) Sys tem

Armed' 5,230 2,705 107.1 (fwd) On

Armed1  10,950 2,675 107.0 (fwd) On

Armned 1  4,950 2,990 106.2 (fwd) On

Arme d 1  5,350 2,970 1.12.2 (aft) On

Armed 1  5,390 2,630 106.9 (fwd) Off

Armed 2  5,080 2,680 106.4 (fwd) On

Clean 1  5,200 2,650 106.0 (fwd) On

IDoors on. 2Doors off.
S~18
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47. The boost-ON stick force gradient relative to t'he acceler-
atlon (Fs/g) was positive for all conditions tested, ie, a greater
aft cyclic force was required for an increased load factor. The
force gradient depends entirely on the spring effect of the force
trlim system. The gradients became more positive with increased
gross weight (increasing from 4.43 lb/g at 2705 pounds to 5.83 lb/g
at 2990 pounds. The gradients also increased as the cg was moved
froward (Fig, E). Changing the airspeed, ultLtude or helicopter
c•onfiguratiul had no significant effect on the stick force gradients.

FIGURE E
MANEUVERING STABILITY

CURVE CG GROSS DENSITY
NUMBER -"IN WEIGHT ALTITUDE,,,LB ,vFT

1 106.2(FWD) 2990 4950
2 112.2(AFT 2970 5350

• ~6;

215.83 B/G

O. U

3. M0 LB/G

Z,,j
i2

121.4 1.6 .
NORMAL ACCELERATION -G'S

48. The maximum normal, acceleration recorded was 1.9 g's at a
2650-pound grwL. It was not possible to reach the limit load factor
of 2.8 g's. Although stLick-force-per-g gradients are light, it is
not likely that the helicopter will be overstressed during normal
operation because of the large pitch attitudes required. The heli-
copter did not tend to woll in ei[ther direction during symmietrical
pull-ups, nor was any rotor overspeed encountered. At the highest
airspeed tested (100 KCAS), blade stall was experienced (as evidenced
tly a severe 2-per-rov vertical vibration during pull-ups from dives).
Tlhis vibration was not transmitted through the control systein, and
ade'quate warning was provided. The effect was not a problem at the
condltionis tested.

19
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49. Typical time history plots of normal acceleration during sym-
metrical pull-ups are shown in figure F and also in fI.gure 61, appen-
dix IV. Although the normal acceleration decoyed slightly after an
initial rise, it then continued to build and became concave downward
within 2 seconds following the start of the maneuver. It then remaii,ed

concave until maximum acceleration was attained. This characteristic
met the requirements of paragraph 3.2.11.1 of the mil spec. The heli-
copter stick-force-per-g characteristics (boost ON) were satisfactory

2 ~(IQRS 3).
FIGURE 

F
SYMMETRICAL PULL UP

CI GROSS DENSITY CALIBRATED

-iN WEKOHT ALTITUDE AIRSPEED
- L FT KTS

107.0(FWD) 2700 5230 80zO
Xtu

Z-4( 1.0

FULL LONGITUDINAL.
CONTROL TRAVEL= 12,00 IN

A 6u _ _ _

___ __O

uZon

1,• 2, 3 "4 5 6

TIME- SEC

50. The maneuvering stability of the helicopter was tested with the
boost OFF at a 2650-pound grwt, a 5390-foot HD and a forward cg con-
figuration (fig. 62, app IV). Control coupling existed between the
longitudinal cyclic stick and the collective pitch, i., raising the
collective transmitted a pull force to the cyclic while lowering
the collective resulted in a cyclic push force. A qualitat:ive eval-
uation of the test results showed that positive aft cyclic forces
were required to obtain positive load factors; however, there was no
consistency in the stick force gradient. Because of the excessive
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collective and cyclic control forces, the boost-OFF maneuvering
characteristics of the helicopter are considered to be satisfactory
for emergency operations only (11QRS 6). The correction of this
shortcoming is recommended.

SIDEWARD AND REARWARD FLIGHT

51. Sideward, rearward and forward flight tests were conducted to
determine. the hovering capability in ground effect; (IGE) of the
helicopter in winds of various speeds and azimuths. AzimuLths wurt.
varied in 30-degree increments measured clockwise from the nose of
the helicopter. The test conditions are listed in table 5. Side-
ward flights were performed at airspeeds up to 35 knots true airspeed
(KTAS), and rearward flights were performed at airspeeds up to
30 KTAS (as limited by ref 1, app i). Gross weight was varied from
2490 to 2980 pounds, and density altitude was varied from n minus 1600
to 10,530 feet. The results of thu tests are presented in fiLgures
63 through 76, appendix IV.

Table 5. Sideward and Rearward [.light Test- Configurations.

Gross Density Center
Configurationi Weight Altitude of Gravity

(1b) (ft) (in.)

Armed' 2,630 3,770 106.9 (Uwd)

Armed 2  2,680 -L0 106.5 (fwd)

Armed 3  2,490 10,530 108.7 (mid)

Armed 2' 8 0 150 107.5 (fwd)

Armed 3  2,9b0 -1,600 -106.2 (fwl)

Clean3  2,675 -970 .1.06.4 (Uwd)

iDoors on.
2'Azimuth sweep (30-degyree. increments).
3S:Ideward, rearward and forward (90-degree Ineremcnts).

52. The capability of hovering in erosswinds of various speed.i and

azimuths was adequate for most of the cond.tions tested. llow,,ver,
in left sideward [light at speeds from 15 to 25 KTAS and wind azimutihs
of 240 and 270 degrees, the helicopter was d.IrectLonally unstL1ble
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necessitating large pedal force inputs to maintain a steady heading
(IIQRS 6). Time histories of left sideward flight at 15 KTAS are shown
in figure G and also in figure 76, appendix IV. At airspeeds greater
than 25 KTAS, the instability was not evident. All control margins
wore adequate for both right and left sideward flight up to 35 KTAS
and complied with the requirements of the mil spec (as amended by
ref 1, app I). The requirement of paragraph 3.3.5 of the mil spec (to
execute a complete turn in each direction in a 35-knot wind) was not
checked because of the unavailability of a 35-knot wind. However, the
sideward and rearvard flight data indicate that the aircraft does comply

with this requ'rement. The directional instability in left sideward
flight at L5 to 25 KTAS is a shortcoming, and correction is desirable.

rIGURE G
LEFT SIDEWARD FLIGHT AT 15 KTAS

CG GROSS DENSITY
- -IN WEIGHT ALTITUDE

107.5(FWD) 2980 150

~~10

-_0_--

OC) FULL PEDAL TRAVEL
Pi - 6.86 IN
0611.- 2

tau

40

0

u'. 20

4 'Oo 2 4 6 810

TIME I SEC
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53. The position of the cyclic control was uncomfortably aft at
the higher rearward flight speeds. At 30 KTAS with the doors on,
the cyclic came In contact with thu aft control stop severnl times
while the pilot was correcting for minor longitudinal disturbances.
The average margin of aft longitudinal control remaining reached
the amended specification limit (ref 1, app 1) of 5 percent at
30 KTAS, forward cg but never exceeded the limit (fig. 75, app IV).
It is doubtful that the helicopter could hover in a forward cg
doors-on configuration with a tail wind that exceeds 30 KTAS and
still have the control margin required to overcome possible nose-down
pitching. Hovering at such conditions is, therefore, not recommended.
It is recommended that a caution note be placed in the operator's
manual (ref 5) warning against hovering in a tail wind in excess of
30 knots.

54. There was no resulta.-t change of any control margin caused by
the removal of the gun. For all conditions tested, the only effect
of moving the lateral cg to the full left location was that the
cyclic control had to be moved 1.7 inches farther to the right than
during the mid lateral cg location testing.

55. The effects of gross weight and density altitude changes were
determined by varying the thrust coefficient (CT). At the greatest
CT tested (0.00343), an additional 0.7 inch of left pedal displacement
was required for all flight conditions as compared with the lowest
CT of 0.00260. At 35 KTAS in right sideward flight at a CT of 0.00343,
the left pedal control margin reached 5 percent (fig. 72, app IV).
At a greater CT (increased g-wt or higher 11D), it would probably be
impossible for the aircraft to comply with mil spec control margin
requirements for right sideward flight at 35 KTAS. The right sideward
flying qualities are satisfactory for normal operation.

56. The wind azimuths at which the control margins reached their
lowest points are listed in table 6. The critical azimuths (headings
of the helicopter relative to the wind which provided the minimum con-
trol margins) were identical for all test configurations listed in
table 5. Typical results are shown for one configuration In figures
63 through 69, appendix IV.

Table 6. Critical Azimuths.

Critical Control Margin True
Control Flight Condition Azimuth Remaining Airspeed

(dug) (%) (kt)

Left pedal Right sideward 90 5 35

Aft cyclic Rearward 180 5 30
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57. Figures H and J show the pedal and longitudinal stick positions
at the critical azimuth conditions where the control margins reached
the amended specification limit of 5 percent (ref 1, app I). These
margins were encountered only during the most critical conditions tested(cg, grwt, HD, and aircraft configuration).

FIGURE H
SIDEWARD FLIGHT

CG GROSS DENSITY
"-IN WEIGHT ALTITUDE

-LB -FT
108.7(MID) 2490 10530

FULL PEDAL TRAVEL 36.86 IN

0"'

;o 4-
-,- 1A 2 '*I'-• 

= ,---' :. -- o1-Aw 2 r R TROL

_____06 26 jj740
S9iULT ')O n

TRUE AIRSPEED-KNOTS

FIGURE J
REARWARD AND FORWARD FLIGHT

CG GROSS DENSITY
-IN WEIGHT ALTITUDE

-LB -FT
106.4(FWD) 2675 -970

14
-AFT CONTROL LIMIT: 12.00 IN

Um I0

0

UA

ozo•

000 ____

0 ORWD 20 FWD4
TRUE AIRSPEED-" KNOTS
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58. A longitudinal stick reversal, which indicates a lack of
static longitudinal trim stability, occurred from 20 to 30 KTAS
in low-speed forward flight. The longitudinal stick position
shifted aft 0.6 to 0.9 inch, depending on the configuration, au
airspeed was increased. The longitudinal stick-posiLlon gradient.
changed sharply from nuarly neutral at airspeuds between 5 KTAS
rearward to highly negative (-0.43 in./kt) at airspeeds between
5 and 10 KTAS rearward. At rearward airspeeds exceeding .10 KIAS,
the gradient was slightly negative (-0.037 in./kt). These discuol.-
tinuities wore not objectionable to the pilot and are not considered
to be shortcomings.

AUTOROTATIONAL ENTRY

59. Simulated engine-failure tests (throttle chops) were conducted
* in level flight and during maximum-power climbs and maximum-power

dives up to the never exceed airspeed (VNE) in the armed, doors-on
configuration. The helicopter was triimmied at a given flight condi-
"tion, and the throttle was abruptly closed to thu flight idle
position to simulate a sudden engine failure. The flight controlo
were held fixed as long as possible (up to a maximum of 2 secuids)
to simulate the normal delay in pilot reaction time following an
actual engine failure. Thu resultant maximum pitch, roll and yaw
rates were recorded and plotted, as were the rotor decay rate
and the time delay. The results of these tests, which include a
time history plot, are presented in figures 77 through 80, appun-
dix IV. The flight conditions tested are listed -In table 7.

Table 7. Autorotational Entry Test Conditions.

Center Gross Density Calibrnted
of Gravity Weight Altitude Airspeed inange

(in.) (lb) (ft.-) (.)

106.3 (fwd) 2720 3150 35 to L2l)

11.2.0 (aft) 2920 2250 35 to 129

112.4 (aft) 2920 9850 35 to 128

60. Generally, the reaction of the he3licopter following a throttLe
chop was characterized by a slight nose-up pi.tch during the flr ru
second followed by a substantial nose-down pitc.hing motion. Thc
initial upward pitching motion was hardly noticuab].e in flight and
did not exist at the highest airspeed (129 KCAS), forward cg conditfotn.
'The secondary downward pitching was more pronounced, particulari.y
at the greater airspeeds.
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61. The reaction of the helicopter following the throttle chops
was also characterized by a left yaw and left roll in all instanc(!s.
The roll rates increased with increasing airspeed, while the yaw
rates decreased as airspeed was increased. Yaw rates at the lower
afrjpeads (during climb and level-flight testing) were high and
exceeded 20 dog/see at the lower altitudes. Control effectiveness
in recovery was adequate in all instances.
62. It was seldom possible to waLt for a full 2-second delay between1
"t rolling off" the throttle and lowering the collective control because

of the rapid rate of rotor decay. In all instances, the collective
was held fixed until it became necessary to lower it in order to
arrest the rotor decay rate at or just above the minimum safe tran-
sient rotor speed of 304 rpm. The time required to fully reduce the
collective averaged 0.5 second during which an additional 10 rpm
were lost. This time is not included in the delay times as presented
in this report. At a 2250-foot LID (the lowest test altitude), the
maximum acceptable time delay before application of control was
1.86 seconds (fig. 78, app IV). The minimum time delay was recorded
at a 2250-foot 11D and was 1.16 seconds (fig. 78) during a maximum-power
climb at 49 KCAS. At the 2250-foot HD and at a 3150-foot I1D, the
2-second time delay requirement of paragraph 3.5.5 of the mil spec
could not be met. At a 9850-foot LID, the mil spec requirement
(para 3.5.5) was met only for level-flight speeds of less than 80 KCAS.

63. At all altitudes, the low-airspeed (approximately 49 KCAS)
maximum-power climbs resulted in the highest rate of rotor decay
after the throttle chop and required rapid corrective action by the
pilot. Maximum delay time at this flight condition was 1.63 seconds
at a 9850-foot 11D (fig. 79, app IV). After the minimum rpm was
reached, the rotor spned recovery rate (rotor speed build-up to
obtain a normal rate after the collective is lowered) was slower
from climb throttle chops than from the level-flight: and/or dive
conditions. In level flight, the rotor speed decay rate increased
as airspeed increased, but the pilot response time was not as
critical as it was during climb,

64. Warning of ongine Failures was adequate for all conditions tested.
There was a distinct decrease in sound level as the throttle was
closed which was accompanied by an Lastantaneous yaw to the left.
The ul:L•ght insitantaneous pitching motion did not p1rovide an adequate
cue. 'There were no side ferce, or normal acCeleration forces (posi-
tive or negative) of sufficient magnitude to be objectionable. Col-
lective coupling was not observed. The average delay time for all
conditions tested was acceptable, but rapid pilot compensation was
required in climb. Rotor speed response to variations in collective
sutting and airspeed was sensitive and required constant monitoring.
Rotor speed fluctuations were not large, however, and an inexperlenlced
pilot In an actual emergency would probably have no difficulty kee, ing
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the rotor speed within limits. Although considerably more aft cyclic
was required in auturotation than in level flight (parn 21), control
margins were ample. The overall. autorotational entry characteristics
of the 01H-58A are satisfactory (11QRS 3).

HOV]RING STABILITY

65. The stability of the 011-58A helicopter in a hover was satis-
factory for the pitch and roll axes but was unsatisfactory in yaw.
Excessive pilot effort was required to maintain precise directional
control and to make heading changes. Control inputs which were
required to compensate for heading disturbances often resulted in
moderate pilot-induced oscillations (PIO). The severity of the PIO"f' was directly related to the heading accuracy required. The lack

of yaw-rate damping (para 43) required the pilot to make control
inputs to compensate for any yaw disturbance. Thu pilot's task
in maintaining a heading was complicated by a hi;1h pedal breakout
force of 10 to 15 pounds (measured in flight) which is significantly
out of proportion to the breakout force in the lateral and longi-
tudinal control systems (0.5 ib). In addition to the large breakout
force, the pilot encountered a transient pedal force gradient which
was present only while the pedals were moving. This transient force
gradient reached values on the order of 100 lb/in. These factors
combine to complicate the pilot's task of holding the helicopter
steady while in a hover and during landing. The net pedal forces
were measured by strain gauges and recorded on the oscillograph
(figs. 76 and 90, app IV).

66. Landing in confined areas, such as revetments and unimproved
landing zones, requires precise directional control. Excessive pilot
effort required to accomplish this basic task detracts from the heli-
copter ability to perform operational missions. The shortcoming in
directional control during hover (11QRS 5) also detracts from the
helicopter accuracy during firing of the armament subsystem and Could
adversuly affect mission accomplishment. Correction is recommeunded
on a priority basis.

Ai[IAMg N'T FIRING

67. The XM27El armament subsystem was fired at representative
conditions of flight to determine its effect on the stability and
*,control of the hell opter, The results are presented in figures 81
Lhrough 84, appendix IV. Reaction to firing the weapon resulted
in attitude changes in pitch, roll and yaw. These attitude excur-
sions and the imprec.ise helicopter response to pilot efforts in cor-
recting the alignment of tme weapon with the target degraded the
cnpabLI.ity of the helicopter to maintain impact in the target area.
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68. Firing was conducted in two phases. During Phase 1, the flight
controls were held fixed while firing 3-second bursts. These data
are presented in figure 81, appendix IV. In Phase IT, corrections
were applied in an attempt to maintain accurate target impact. rime
histories of this firing are presented in figures 82 through 84.
Qualitative evaluations of pilot effort, noise and vibration level.
were made. Time histories of control positions, hel:Lcopter attitudes
and rates were recorded on an oscillograph. The duration of the
firing burst was restricted to 3 seconds by a limiter built into the
firing circuit.

69. Firing runs were made from a low level (approximately 50 feet)
and during dives from 1500 feet above ground level (AOL), Each
firing run was followed by a steep climbing turn to the right. The
right turn was considered to be the most critical condition for
control-margin evaluation. Firing conditions are presented in
table 8.

70. Firing from a hover caused the most problems for the pilot.
Precise aiming was extremely difficult because of a tendency to
overshoot the desired point when attempting to make small heading
corrections. This problem was compounded during firing by the
large reaction in the pitch, roll and yaw axes resulting from weapon
firing. When corrections were not applied to hold the aircraft atti-
tude, the heading changed 47 degrees (to the left), and the nose
pitched down 17 degrees at the end of a 3-second burst at the maxi-
mum rate of fire (4000 rds/min) with the weapon horizontally aligned
(fig. 81, app IV). The helicopter had adequate control power avail-
able to maintain control and to correct the target alignment, but
the high yaw rate (reaching a maximum of 24 deg/sec to the left),
resulting from the firing, and the difficulty encountered in mlin-
taining precise directional control prevented hitting the target
consistently (fig. 84). Correction caused the hits to "walk" across
the target, and the hits could not be held within the target area
consistently.

71. Targets were engaged :in lorward flight at representative air-
speeds at low altitudes and also during dives from 1500 feet AGl.
Each target attack run was followed by a steep climbing turn up to
bank angles of 60 degrees. Despite the roll that resulted from
firing, adequate control margin was available for executing evasive
maneuvers.

28

SI .





PThase, I'_(Controls_41..a! p

Calibrated Flgt Height: Above ofir

Airspeedi Condit-.ion Grud oito)Fr
(kt)................ ( ............

0 flover ICE 10( Horizontal 2000 and 4000

0 Hover IGE 10 Full1 down 2000

0 hover UGH 50 Full down, 20 d40

0 11over OGH 50 ~horizontal200ad40

33 Low level 50 Horizontal 2000 and 4000

49 Low level 50 Horizontal 2000 and 4000

85 Low level 50 HorIzontal 2000 and 4000

:101 Dive 1500 to 500 Horizontal 2000 and 4000

1.25 Dive 1500 to 500 Horizontal 2000 and 4000

.125 Dive 1.500 t:o 500 Full down 4000

10 to 30 Takeof F 5 h1orixontal 2000 and 4000

10 to 30 I'akeoff 5 Full up 2000

30 to 10 Lald IIIg 5 ii1 ~ontn, 2000 and 4000

30 to 10 Land ing 5 Full down 2000

15 Left sideward 10 1horizontal 2000 and 4000

1.5 Right stduivard 10 hlorlzoiital 2000 and 4000

1.5 Renrward 10 iNorI vo ntita.1 2000 and 4000

72. Di ffictilL. y was en 1Ou Žre170d iii us tahif.shisO g procitso aim before
firing because ofT excessive verti~cal vibration of' the sight reticlu
(IiQRS 5) and the d I ficul.ty II n sk log small. directilonal correct ions.
Use of Lhe laturnl cyclic control. al-one to make dlructional correc-
tions was not sal table because ofT the excessive lapsed time before
the turn could be comple !Led (approximately 2 seconds). At tumpts
to coord ionate pedal mnd cyclI.ic cont rol req a tlrod excessive. pilot
o ffm- r I u i rder to imilntanha Ilanced f~T.ight because of t he ciIsta rmony
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of the control forces (disproportionate pedal forces). The use of
the pedals alone resulted in excessive sideslip. The difficulty
in holding precise headings makes the consistency of achieving first
round hits on a target very poor. Sight reticle vibration is a
shortcoming which would adversely affect mission accomplisliment,
and correction is recommended.

73. Attitude excursions which resulted from firing dutring forward
flight were not large but did cause sign if cant dispersion of hits
(figs. 82 and 83, app IV). Control power was adequate for control
of the helicopter and to correct for attitude disturbances, but it
was impossible to maintain impact on a point target.

74. Noise and vibration levels were evaluated qualitatively based
on their effects on the pilot's ability to perform the mission.
During firing, the increase in the vibration level was moderate
and did not seriously affect the flying qualities of the helicopter
(IIQRS 3). The increase in noise level was high during fir ing,
particularly -in the doors-off configuration, Excessive noise in
the intercom made conversation difficult to understand over the

Intercom and would make radio transmission difficult during a combat
situation. Correction of this shortcoming is recommended.

75. Changes in helicopter attitude which resulted from fir hng were

related to airspeed, rate of fire and weapons position (relative
to the horizontal axis) as shown in figure 81, appendix IV. The
magnitude of thae changes decreased with increasing airspeed and was
less at the reduccd rates of fire. Firing of the weapon in the
horizontal or elevated positions resulted .in. a left yaw, left roll,
and a nose-down pitch attitude. Firing of the weapon in the depressed
position resulted in a left yaw, right roll, and nose-down pitch
attitude.

76. Adequate control power was available to correct for the attL-
tude changes observed in all flight: conditions tested, and no change
in the stability characterLtLics was noted; however, excessive pilot
effort was required to correct: the point of impact back to the target.
ln addition, a hMgh level. of p1lot effort was required to make minor
directional, aiming corrections prior to Iintiating firing (IIQ.S 5).
CorrUctlion of the dLfftfulty in mnokipg precise headin g correctlons
is recommended to improve survice suitabil ty.

FtIGiHT CoNtRO1, SYSTEM

77. The fl.ight control sys tenm was ev.aluated to dotermiLnc the con-
irO.L breakuct tiorces (t1otal Force, includ lng rictinon , required to

......................................... '-i



Scontrol forces, and also to det:rm::ne compliance with : t 2e require-
ments of the inil Spec. The System was tested witih and without thec
hydraulic boost system in operation. The breakout forces and force
gradients were measured on the ground with the helicopter rotor

stationary using hydraulic pressure applied from an external source.
Although the mil spec breakout force requirements are specified in
terms of in-flight conditions, common test procedure has been to

consider ground measurements valid. The boost-OFF forces were also
measured during normal flight maneuvers (see time histories of sym-
metrical pull-up, left sideward flight and landing, figs. 62, 76

Vand 90, app lV). The results, are presented In figures 85 through 90.

78. The boost-ON longitudinal breakout forces (fig. 86, app IV) were
"measured with the force trim switch both ON and OFF and with the
cyclic friction OFF. The force-trim-ON, friction-OFF breakout force
was 1.7 pounds (pull force) which slightly exceeded the 1.5-pound
limit imposed by paragraph 3.2.7 of the mil spec. Longitudinal break-
out forces in flight were not objectionable and allowed small, smooth,
precise control displacements from trim. All longitudinal force
gradients (force trim ON) were positive. With cyclic friction applied
during a normal flight adjustment, the force-trim-ON stick force
gradient was smooth, and there were no discontinuities recorded.

79. The lateral breakout forces (boost ON) were measured (fig. 87,
app IV) with the force trim both ON and OFF using n normal flight
application of cyclic friction (force trim ON). The maximum lateral
breakout force (force trim ON, friction OFF) was 0,8 pound and com-
plied with the requirements of paragraph 3.3.1.3 of the mil spec. The
force gradient was positive at all times, and the requirements of
paragraph 3.3.1.1 of the mil spec were met. No undesirable discon-
tinuities in the lateral force gradient were observed during flight.
There was no binding in the system with cyclic friction applied.

80. The maximum pedal breakout force (fig. 85, app IV) measured on
the ground was approximately 9 pounds (right) and exceeded the
7-pound limitation of paragraph 3.3.13 of the nil spec. '|he ldirec-
tional control force gradient was nonlinear over the entire trim
range and was negative to the right of the trim position. These
results do not meet the requirements of paragraph 3.3.11 of the
m1.l spec.

81. Pedal breakout forces varied with the flight condition. They
were approximately the same in level flight as those measured on the
ground, whereas the forces were considerably greater during hovering
flight as can be seen in a time history of a typical landing approach
(fig. 90, app IV). The pedal forces reached a maximum transient value
of 49 pounds during left sldeward flight at 15 KTAS (fig. 76) . Ihi,
force is considered to be excessive and, thereFore, did not meoot the
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qualitative requirements of deviation 1.9 of Lhe detalil specifjc.ation.
The 15-pound directional control force limitation of parograph 3.3.12

of the mii spec was not met.

82. Pedal free play (pedal travel necessary to cause a dcflcCt~ioo
of the tail-rotor control surf•nce) was measured on the ground and
was found to be ±0.1 inch which meets the requirements of para-
graph 3.5.10 of the mil spec. However, the total effect of this
free play in conjunction with the excessive pedal breakout forces
was considercd to be a contributing factor to the directional con-

trol in a hover (discussed in para 65).

83. The maximum collective breakout force (fig. 88, app IV)
(boost ON, frictiou OFF) measured at a typical collective setting
of 5 inches was approximately 4.3 pounds (pull). Although this
exceeded the requirements of paragraph 3.4.2 of the mail spec by
1.3 pounds, the boost-ON collective breakout force was inot con-
sidered to be objectionable in flight.

84. Some control coupling (boost ON) existed between the collective
and the longitudinal, control (fig. 89, app IV). Mien the collec-
tive was mo',ed upward, a 0.5-pound foriard force was transmitted to
the cyclic control. Although this force coupling did not meet the
requirements qf paragraph 3.4.3 of the mil spec, it: was not objec-
tionable to the pilot because the use of a small amount of cyclic
friction eliminated the effect.

85. The longitudinal force gradient was approximately 1.42 ib/in.
as compared with a lateral gradient of 0.88 lb/in. (boost: ON, fric-
tion OFF). The gradients did not chai.ge when cyclic friction was
applied. Control harmony among the lateral, longitudinal and col-
lective controls was satisfactory except in those instances in whicL,
high pedal Forces were encountered.

86. The longitudinal control free play (boost OFF) was measured
and found to be ±0.53 inch, and the lateral free play (hoost OFF)
was found to be ±0.91 inch. These free-play measurements exceeded
the limitations of paragraph 3.5.10 of the mil spec by 0.33 inch
and 0.71 inch, respectively.

87. Excessive coupling between the cyclic and collctive controls
existed with the boost OFF (fig. 89, app IV). Raising the collec-
tive control caused a maximum pull force oi 6 pounds to be trans-
mitted to the cyclic control which exceeded the 1-pound maximum
limitation of paragraphi 3.4.3 of the mail spec. Lowering of the
collective caused a push force of. 4.2 pounds to be transnitted to
the cyclic control.
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88. All of the maximum breakout forces (boost OFF) were found to
be excessive (fig. 85, app TV). The maximum longitudinal force was
measured at 14,5 poun-ds (pull); tile maximum lateral force was
13 pounds (left from neutral); and the maximum collective force was
38 pounds (up from the 5-inch collective setting). These forces
are shown in time history plots of the data which were measured
in flight (figs. 62 and 90), and each exceeded the limits of para-
graphs 3.2.7, 3.3.13 and 3.4.2 of the mril spec. The boost-OFF
lateral, longitudinal and collective breakout forces were considered
acceptable for emergency use only (HQRS 6).

VIBRATION

89. Vibrations in the helicopter were measured at the various
flight conditions listed in table 1. Accelerometers were installed
at the pilot seat and the passeuv,,&.seat to measure lateral and
vertical vibrations. Vibration frequencies were analyzed at mul.-
tiples of one-, two-, four-, six- and eight-per-rotor-revolution.
Single-amplitude vibration and acceleration levels were plotted as
a function of airspeed and are presented in figures 91 through 95,
appendix IV. Maximum recorded vibration levels are listed in table 9.

90. All lateral vibration levels were insignificant (0.11 g or less)
and comp.ieid with the requirements of the mil-spec. The predominant
vertica' vibration was the two-per-revolution which increased sig-
nificantly with increasing airspeed at airspoeds greater than
50 KCAS. The vibration level at this frequency, as well as the
six-per--revolution vibration, exceeded the limilt of paragraph 3.7.1(b)
of the rnil spec for several comrditions listed in table 9. The
two-per-revolution vibration became severe as VNE was approached.
Although this provided an ample cue to warn the pilot of impending
blade stall, the vibration level near VNE was uncomfortable and
degraded the target tracking task (HQRS 4). Correction of this
shortcoming is recommended for improved service use. Increasing
the maximum level-flight speed capability of Uhe O1-58A to speeds
more closely approaching VNE would probably increase the vibrations
to a level which wbuld be unacceptable for sustained level-flight
operatious. At airspeeds of 100 HCAS and less, the vibration levels
were satisfactory (T1QRS 3). Varying the flight conditions or removing
the armament subsystem did not significantly affect the vibration
levels. Vibration levels in climb and autorotation did not vary sig-
nificantly from those recorded during level flight.
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SLOPE LANDING

91. An evaluation was conducted to investigate the slope-landing
characteristics of the OH-58A. It was impossible to land safely
on a 10-degree slope (measured with an inclinometer) with the left
skid uphill. The helicopter could be landed safely with the nose,
tail and right skid uphill on a 10-degree slope, although the latter
orientation required the application of full right cyclic control.
It is doubtful that the maneuver would bh acceptable to the average
pilot who would probably abort the landing when full lateral travul
of the cyclic had been reached. When the left skid was uphill, the
maximum slope capability was approximately 9 degrees.

92. The landing surface at the test site consisted of a dry, well-
graded, firmly compacted, clay/sand desert soil with an approximate
California bearing ratio of IC and a 25-degree angle of repose.
Surface winds during the test were steady at 10 to 15 knots and
provided a head-wind condition when the left side of the helicopter
was "upslope." The method of test was to perform landings on pro-
gressively steeper slopes using cyclic control as required to
hold the aircraft against the slope while the collective pitch wao.
lowered smoothly and gradually. When (;the skids were firmly set on
the ground with no tendency to slip, the collective control was
placed in the full down position, and the cyclic control was centered.
The reverse sequence was used to lift off ai-d return to a hover.
In the left-skid-uphill test, the left skid Lended to slide down the
10-degree slope despite the use of full lefv tateral cyclic and the
lowering of the collective contiol to the poL0;' where the downhill
(right) skid was still 4 to 5 inches from the round.

93. The requirements of paragraph 3.8.1 of the !ctail specification
were not met in that the helicopter could not land safely on a
10-degree slope from all directions. It should be noted, however,
that several possible variables could have affected the slope-landing
capabilities: soil. type and condition, wind, and pilot technique.
Since these variables are not defined in the detail specification,
the results of the test are not conclusive evidence that the require-
ments cannot be met.

SKI INSTALLATION

94. A brief qualitative evaluation was conducted to determine the
OH-58A flying qualities with Airglas Corporation skis (model no.
L2700-206) installed. The ski installation is shown in photo l
The following tests were conducted at the maximum airspeed [or lovcl
flight (V}I) in the armed configuration: static and dynamic longL-
tudinal, lateral and directional stability, manctivering stability
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and autorotational entry. A slight two-per-revolution vibration
was observed in the skis, particularly the left one. This vibration
had no discernible effect on the flying qualities or safety of the
helicopter, and the evaluation confirmed the ability of the OH-58A
to fly safely with skis installed.

HUMAN FACTORS

95. There were no hand holds installed on the helicopter to assist
the crew members in entering and leaving the cockpit. Equipment
Improvement recommendation (EIR) number 619269 was submitted on
5 March 1970 regarding this problem. Ingress and egress were diffi-
cult, particularly for a tall individual, because of the size and
shape of the door. Correction of this shortcoming is recommended
to facilitate crew Ingress and egress.

96. Ingress and egress were further inmpeded by the lack of hooks
inside the cockpit on which to hand the pilot's and copilot's
helmets. The pilot and copilot must place their helmets either
directly in the way on the seat or floor, or depend upon another
individual outside the helicopter for assistance, Correction of
this shortcoming is recommended.

97. All four doors had jettison releases. Tie handles were marked

adequately and could be operated easily. During a firing run,the left front dour came off at the emergency release points, and

the cause was not determined. EIR number 143940 and EIR number
54574 were submitted regarding this problem on 13 January and
17 February 1970, respectively. The emergency door release was
satisfactory for emergency egress.

98. The mechanism designed to hold the doors in place when opened
during ground operation was unsatisfactory. It was usually impos-.
sible to keep the doors open without physically holding them. Cor-
rection of this shortcoming is recommended.

99. The pilot and copilot seats were comfortable when parachut.2s
were not worn. No seat adjustment was provided; therefore, whea
parachutes were worn, it was necessary to remove the back of the
seat. In these cases, the pilot and copilot were still seated

"- I farther forward than the normal position. A tall plilot wearing
:.•:, 'a parachute had difficulty obtaining full right cyclic deflection

because the door post restricted the movement of his right knee
*•i to the extent that his right leg war In the path of the cycl.ic

control. Since parachutes are seldom worn during normal operation,
the crew seats are satisfactory for mission accomplishment.
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100. The antitorque pedals are adjustable by turning a knob located
on the floor just aft of the pedals, The pedal adjustment knob was
easy to turn by the pilot using hio foot and permitted a satisfac-
tory range of pedal travui. for most pilots. The adjustment was ad,'-
quate for mission accompl]-'nment which is an important consideration
because the seat is no,' adjustable.

101. The force trim butto:, Lo located on the top right-hand corner
of the cyclic stick grip (looking forward). Activation of theOI button required placement of the pilot's right thumb in an awkward
position and resulted in a momentary reduction of control authority.
It is recommended that this shortcoming be corrected by relocating
the force trim button in accordance with the position of the standard-
ized cyclic grip, MS87017.

102. The cyclic and collective friction adjustments were satisfac-

tory, The throttle friction was excessive and was not adjustable.
When recovering from practice autorotations, it was posaib]n to
inadvertently fail to apply full power because of the excessive
friction. A throttle friction adjustment device is recommended
to correct this shortcoming.

cockpit. This is unsatisfactory in a warm weather environment wheretile helicopter is flown with the doors removed. Installation of
cockpit map storage compartment is recommended to correct this short-

coming.

104. The ventilation system, consisting of two snap vents in each
of the four doors, was inridequate for warm weather operation with
the doors installed. Based on crew observation, there were no engine
fumes present in the cockpit during ground or air operations; how-
ever, the pilot would probably become fatigued becuuse of the heat.
Correction of this shortcoming is recommended.

MAINTENANCE CHARACTEbRISTICS

Favorable

105. In general, the maintainability of the helicopter was excel-
lent throughout the test. "Down time," because of maintenance
problems, was almost nonexistent. A total of 183 flight hours was
accumulated on the test helicopter without the occurrence of a serious
ma Lnteniance problem.
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Unfavorable

106. Several unfavorable characteristics were noted; these are
as follows:

a. The ground handling wheels were inadequate. EIR Number
619268 was submitted on 5 March 1970 regarding this problem. A
full fuel load would cause the wheels to spread out, and the tires
"would become almost flat despite a 10-psi overpressure. CorrectLion
of this shortcoming is recommended.

b. Ground handling was impeded by the lack of handling points
on the helicopter both on the tail section and on the fuselage inter-
mediate or forward section. Correction of this shortcoming is recom-
mended.

e. During the high-altitude testing (15,000-foot 11D)' oil
leaked through the outboard ends of the main rotor blade grips.
Leakage was not excessive, but correction is recommended in order
to preclude future problems during high-altitude operation. EIR
Number 457831 was submitted on 15 October 1969 regarding this problem.

d, The fuel quantity gauge indicated FULL when the VilF trans-
mittur was keyed or when the force trim button was actutted. Cor-
rection of this shortcoming is recommended.

e. The rubber bumper located next to the static stop on the
tail-rotor assembly was replaced four times during the evaluation.
This was a result of the static lateral-directional testing in
which large sideslip angles were encountered and Is not considered
to be a shortcoming for the normal mission.
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CONCLUSIONS

GENERAL

107. The following conclusions were reached as a result of the
stability and control tasting on the OIL-58A htulicopter:

a. The overall flying qualities of the helicopter are sat-
isfactory.

b. There are 19 Items of specification noncompliance. These
are listed in appendix V.

DEFICIENCIES AND SHORTCOMINGS AFF'ECTINC MISSLON ACCOMPLISHMENT

108. There were no dufiuiencies noted during the testing.

109. Correction of the following shortcomings is desirable fur
improved operation and missioii c~apabilitics:

a. Dutch-roll tendency when thu helicopter Is in a slight
left sideslip (para 30).

be Lack of yaw rate damping when the hel:copter 1i in a
j; hover (pare 43).

c. High boost-OFF collect:[w, and cyclix conitrol forces (paras 50
and 88).

d. DLrectional instabi'lity Iln left JLOduw.Ard fll.gIt lt LII.spedI
between 15 and 25 KlAS (pLara 52).

e. Difficulty in maintaining p-cvcuisu directional control in
hover (pare 66).

f. Excessive vertical vibVIat Lo ul the Sight retLcAle i thu

armament subsystem (pa'a 72).

g. Excessive noise in the -Intercom duarI ag flr I ng (parm 74).

h. Difficulty in making precise directlonal control corlrect LIons
in forward flight whil.e aiming and firing the Lmeapo systurn (pare 76).

I. Severe two-per-revolution vertical vlbratlon8 at spueds near
VNE (para 90).K4



j. Lack of hand holds on door frames (pars 95).

k. Lack of hooks in the cockpit on which to hang helmets
(para 96).

a . Difficulty in keeping doors open during ground operations
,,j (pars 98).

Ill. Awkward location of [orce trim button (pars 101).

n. Excessive friction of the throttle and no adjus3trment
(para 102).

o. Lack of a cockpit map storage compartment (para 103).

, p. Inadequate cockpit ventilation (pars 104).

q. Inadequate ground handling wheels (para 106a).

r, Lack of ground handling points (para 106b).

,. Oil leakage through main rotor blade grips at high
altitude (para 106c).

t. Fuel quantity gauge indicated FULL when the UHIF transmitter
was keyed or the focce trim button was actuated (para 106d).
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RECOMMENDATIONS

110, The shortcomings, correction of which is desirable for the
improvement of the helicopter mission capabilities, should be
corrected as soon as possible.

.11. The directional instability in hover should be improved on
a priority basis.

112. A caution note should be placed in the operator's manual
warning against hovering in tail winds in excess of 30 knots.

'4
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APPENDIX II. TEST INSTRUMENTATION

Sensitive instruments were installed in the test helicopter and
were maintained by the Instrumentation Branch of USAASTA. The
following parameters were recorded:

Pilot and neer Panels

*Airspeed (boom system)
Altitude (boom system)
Angle of sideslip
Rotor speed
CC normal acceleration
Free air temperature
Longitudinal cyclic stick position
Lateral cyclic stick position
Collective stick positiun
Rudder pedal position
Total fuel used
Oscillograph coordination counter

Oscill2ora2h

Longitudinal cyclic stick force
Lateral cyclic stick force
Collective stick force
Rudder pedal force
Longitudinal cyclic stick position
Lateral cyclic stick position
Collective stick position
Rudder pedal position
Pitch attitude
Roll attitude
Yaw attitude
Pitch rate
Roll rate
Yaw rate
Pitch angular acceleration
Roll angular acceleration
Yaw angular acceleration
CC normal acceleration
Angle of attack
Angle of sideslip
Linear rotor speed
Rotor blip
Torque pressure
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Throttle position
Engine~r event
PiloL uvent
Pilot vertical vibration

(FS - 73 in., WL - 29 in., butt line (BL) - 15 in.)
Pilot lateral vibration

(FS = 73 in., WL 29 in., BL 15 in.)
SPassenger vertical vibration

(FS - 108 in., WL = 32 in., 13L 0 in.)
4' ]Passenger lateral vibration

(FS - 108 in,, WL - 32 in., BL - 0 in.)
Gun position
Rate of fire
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APPENDIX IlIIHANDLING QUALITIES
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APPENDIX IV. TEST DATA
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APPENDIX V.
SPECIFICATION NONCOMPLIANCE TABLE

* ype PpectflcotLi.o Spocification Test
o F MM-1,-ll50iA MII,-11-850A Reft I LBa Report

L ort Itoqu I rornrnt Paoragraph argrp

SI[IO Lc ln1on0 itudinni. 3-inch tii0lax1mum lovJi- 3.*2,10,2 Lonn~i tudiml cyclic tr im 21
s tability tud innI t rim vhnnge chiont wall 3 ,5 1incleio

qiii Ic l1odi I id Inornl 3.3.9 I-dal cmll 111tv1-nl 32
lauLral -dilCL 1011111mo dislopIacumnumi iirtid louts FIia I oil .9 'wm-~L lurcs
vtab LI iy approximately 1.ittuor noni I I 'ar

IeLtWe(1 B idoslip
atngles of ±15 ulvgreen

SLtati i'ositivo podal and 3.3.9 Some neglat ive practdolen 32
lateral-directi~onal lateral control
vLailIlity displacemcont gruin..t!

Autj.r,,ttiotlan l 2-mucond Ininlmum delay 3.5.5 tinny t itm- flB low all 62
entry beforo lowo-imp 1.16 iouconds; InI clinmb

Cont~rol snystem 1.5--pound tuinxImum 3. 2.*7 1. 7-potind lupton!tdillat 78
unValuat ion lougi tud lool bmreamkout lbrcakuut Icrurc

___________-forcem-_____ ___ -

Control Uyuittum 7-pound maximum ucmcln 3,.13 9-pound pnolu luonkout. 80

kovg1uationi breankout fotmo force

Coutirol HyNtutm Lineari pudal fore 3.3.11 Eon] 1nuor pradlent 80
d iivti~~mluainniii gra~dient ____

'e"ro 4ytitnhidl forcvm no: tDovluttlon 19 Pedal forces conaidered 81
.!Viluaiioti Qxce3iu.vu;t III steady (dutall Bpeo) uxceBBIvI3 (149 pIounsI)

H idpward fligIpht_____

Control fuyutom 15-pound maxi mum lcottl 3.3.12 49- pound right podal 81
eva~l~uationm force in sidewlird force, 386-pound left

ft i~glt pedal force

nuorol wymitotli 3--pound maximunm col- 3.4, 2 , 3-poundt colloct. iv 83
evaluation ~ lectlyc llrea~kollt force tmrinkuui forco

Control myotem Nu control force 3.4.3 OS-poundl rorro trotns- 84
evaluat ion eoupliIIR witýUd to Cycl ic by

colit.ctive o llvoluiit

Control, Y~tcalU (1.2liichmlifiIIIumI 3.5.10 0. 53-uilich blongitudinal 8(1
o!llIval ct it'll aontrol tfcmo p1 1y control frve play,

11.91.-1Inch Ii l rlt int I to
tO 1B5'I tomptlay (110011t 01iT)

Contro myte -pound nui x cimu con - 3.4 .3 61mpund lu-cu trans-li 87
euvaluation troi force Lraicotn tod coi~ttd (boost. 01lT)

to cyclic by moving
coltoct lvi

Cont~rit SYStoM Maxllimum breaultoLi 3.2.7, llruaitmut forces (boost 68
Lvollattio'l fuirceu I (1.*5-1b ling.. 3.3.13, O1FF) 1 (14 .5-lb) loop.)

0 and lot) (3-lb coil) 3.4.2 (13-lb) lat) (38-lb) coil)

tLioin loin below

Vcriil He
1wimt rol rINJIU11H 0u talmp Ing a t loast 3. 3.19 Dalmtp ing approtirmlimit am ro 43

ijiuld iinuiiiitytt 4575 Et-Jb/riid/ioc

Cont rot rvnmipmnue 20-doIg/oomc iii 3.3.15I 24-cdov/Hoc/lin. Icuttrol 41
andticci clsi tiIy imauxiimumi lateoralt tOut ml rosptlonso runcurtot

control ruiplpumvu

141



APPENDIX VI. DISTRIBUTION

Test Interim Final

A_&net Planes ERets Report•s

Commanding General
US Army Aviation Systems Command
ATTN: AMSAV-R-F 5 5 6

AMSAV-C-A - 2

AMSAV-D-ZDOR - - 2
AMSAV-D-W - 2
AMSAV-R-R - 1PO Box 209

St. Louis, Missouri 63166

Commanding General
US Army Materiel Command
ATTN: AMCPM-LH 5 1 25
PO Box 209
St. Louis, Missouri 63166

Commanding General
US Army Materiel Command
ATTN,, AMCRD 2 1 2

AMCAD-S - - 1
AMCPP - - 1
AMCMR 2 - 2

AMCQA - - 1
Washington, D. C. 20315

Commanding General
US Army Combat Developments

Command
ATTN: USACDC LnO l1 11 11
PO Box 209
St. Louis, Missouri 63166

Commanding General
US Continental Army Command
ATTN: DCSIT-SCI--PD -

Fort Monroe, Virginia 23351

S~148
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Test Interim Final

Plans RPorts -Or -t-

Commanding General
US Army Test and Evaluation

Command 2
ATTNZ :AMSTE-BGUSMC LnO 1 1 i

Aberdeen Proving Ground,
Maryland 21005

Commanding Officer
US Army Aviation Materiel

Laboratories 1
ATTNt SAVFE-SO, M. Lee - 2

SAVFE-TD 1
SAVFE-AM - 1

SAVFE-AV 
I

SAVFE-HP - 1

Fort Eustis, Virginia 23604

Commanding General 1

US Army Aviation Center

Fort Rucker) Alabama 36362

Commandant
US Army Primary Helicopter School

Fort Wolters, Texas 76067

President
US Army Aviation Test Board

Fort Rucker, Alabama 36362

Director
US Army Board for Aviation

Accident Research

Fort Rucker, Alabama 36362

President

US Army Maintenance Board
Fort Knox, Kentucky 40121

Commanding General
US Army Electronics Command

ATTN: AMSEL-VL-D
Fort Monmouth, New Jersey 07703
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ii

Test Interim Final
Agency Plans Reports Reports

Commanding GOaieral
US Army Weapons Command
ATTN: AMSWE-RDT - - 2

AMSWE-REW - - 2
(Airborne Armament Flying)
Rock Island Arsenal
Rock Island, Illinois 61202

Commandant - 1
US Marine Corps
Washington, D.-C. 20315

Director 1 1 2
US Marine Corps Landing Force

Development Center
Quantico, Virginia 22133

US Air Force
Aeronautical Systems Division
ATTN: ASNFD-10 1
Wright Patterson Air Force Base,

Ohio 45433

Air Force Flight Test Center
ATTN: PSD - 5

SYSE - 2
Edwards Air Force Base,

California 93523

Naval Air System Command - 1
Headquarters (A530122)
Department of the Navy
Washington, D. C. 20350

Commander - 1
Naval Air Test Center (FT23)
Patuxent River, Maryland 20670

Federal Aviation Administration
ATTN: Administrative Standards

Division (MS-IIO) - 2
800 Independence Avenue S.W.
Washington, D. C. 20590

150
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Test Interim Final
Agency Plans Repor_ s Reports

Department of the Army
Office of the Chief,

Research and Development

ATTN: CRD 7 7
Washington, D. C. 20310

Department of the Army
Deputy Chief of Staff for Logistics
ATTN: LOG/MED - 1

LOG/SAA-ASLSB - 1
Washington, D. C. 2031.0

Director
US Army Aeromedical Research Unit
Fort Rucker, Alabama 36360

Bell Helicopter Company 5
Military Marke~ing Sales Engineering
PO Box 682
Fort Worth, Texas 79901

Allison Division of 5
General Motors Corporation

PO Box 894
Indianapolis, Indiana 46206

Defense Documentation Center 20
Cameron Station
Alexandria, Virginia 22314
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NNCLASSIFILED

(Security caalolstilton of fiflit, boudy at tabatroct tirid indexlnti ,innofatlo ,ii. . t... lie ,,ttoen'c ,vtir flip overall report ix r'Iassitlod)
I. ORIGINATING AC71ITV Tr(Corpoirate t~i~thot) .10. Rlt'Ofl 3[CU~i TY CL.A35It~IiA ION

US ARMY AVIATION SYSTEMS TEST ACTIVITY UNCLASSIFIED
EDWARDS AIR FORCE BASE, CALIFORNIA 93523 ab. GROUP

3. MtKpbOM 17ITlI

AIRWORTHINESS AND) FLIGHT CHARACTERISTICS TEST, PRODUCTION OH-58A HELICOPTER
UNARMED AND ARMED WITH XM27El ARMAMENT SUBSYSTEM STABILITY AND CONTROL

A. OESCMIPTIVIC NOTIS (7ypf of Popjoff and Inclusive date.
* ~FINAL REPORT, August 1968 through June 1970

5. Au MHORI$) (F rhf smi. middle initila, tlast nacme)

* I EMMETT J. LAiNG, Project Engineer
WILLIAM A. GRAHAM, JR., LTC TC, US Army, Project Officer/Pilot
PAUL 0. SThINCER, MAJ CE, US Army, Project Pilot

0. REPORT OATV Id, TOTAL NO. Or 11ACKI 7b. No. OF REFS

j.OCTOBER 1970 162 16
80. CONTRACT ORl GRANT NO. go, ORIOINATORNI REPORT NUMBKER1111

b, P P4JEC T NO.

USAAVSCOM PPOJECT NO. 68-30 USAASTA PROJECT No. 68-30
gh, OTHKR RrPORT NOINI (Any other ntumbers thot may he ass~igned

*USAASTA PROJECT NO. 68-30 this Popoff)

0T tATEIAFN_____ 
_ /

N IS" I "doC i~eft may e t urti d is tr ibulhd by. holder ot' sper' -c rior

631p6oval0 the C~SAAVSC TRL AV-, 1 9Sur__-,

It. SU~ L M NTA V N TLSUS ARM Y A VIA T ION SY ST E MS CO INM AND

ATTN: AMSAV-R-F

I isAnsrAZ-f P0 Box 209, St. Louis, Missouri 63166

Stability and control tests were conducted on a production model
OI--58A helicopter to evaluate its flying qualities in the unarmed
configuration and in an armed configuration with the XM27E1 weapon
system. Limited testing was also performed to evaluate the heli-
copter slope landing capabilities and flying qualities with skis
installed. Humtan factors and maintainability characteristics were
noted throiighout the evaluation. Testing was performed by the
US Army Aviation Systems Test Activity, Edwards Air Force Base,
California, between 6 October 1969 and 1.6 February 1970. The test-
ing consisted of 89 flights which totaled 85.1 hours of productive
flight testing. There were no deficiencies recorded. Eighteen

41 shortcomings are reported. Difficulty in maintaining precise
directional control during hovering flight is a shortcoming which
warrants impri-vement on a priority basis, This shortcoming reqtuircs
excessive pilot effort and degrades the accuracy in firing of the
XM27EI armament subsystem. It is recommended that a caution note
be placed ii' the operator's mianuAl warning against hovouring in a
tail wind in excess of 30 knots. rhe capability of landing on a[ ~10-degree Slope was marginni but Is not consid~ired to be a'short-
coming. Flying qualities of the aircraft WLth skIs installed were
satisfactory. Maintainability of the helicopter was exceilent
throughout the test program.

DD I woe1473 Ow SLSA FOR ARNMY USEJN 4 HIH UNCLASSIFIFI)
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