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ABSTRACT

Engineering flight tests were conducted on the UH-1H helicopter to evaluate the
performance and handling qualities during hover, translational flight, and forward
flight. Tests were conducted in California at Edwards Air Force Base and at test
sites near Bishop during the period 13 July to 9 August 1971. The UH-1H
helicopter is being purchased by the US Air Force to perform search and rescue
missions. Selected performance parameters and handling qualities were
quantitatively and qualitatively evaluated. For the conditions tested, the UH-1H
does not comply with paragraphs 3.2.1, 3.3.2, and 3.3.6 of the military
specification, MIL-H-8501A. There were three deficiencies, the correction of which
appears essential for adequate mission accomplishment: (1) insufficient longitudinal
control within the approved gross-weight/center-of-gravity envelope, (2) insufficient
directional control, and (3) directional instability between 10 and 18 knots at
relative azimuths between 210 and 320 degrees.
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INTRODUCTION

BACKGROUND

1. The UH-1H helicopter (Air Force model designation: HH-1H) is being
purchased by the US Air Force to perform search and rescue missions. Previous
tests of the UH-1D/H helicopters have indicated that hover performance and
in-ground-effect (IGE) translatior.. flight capabilities of this helicopter are limited
by directional control (refs 1 and 2,app A). On 12 April 1971, the US Air Force
Aeronautical Systems Command (ASD) requested (ref 3) the US Army Aviatini
Systems Command (AVSCOM) to conduct a qualitative and limited quantitative
evaluation to detcrmine tail roto1 performance and directional control margins while
hovering in winds. This request was expanded on 22 June 1971 (ref 4) to include
determination of: (1) main rotor hovering performance, (2) IGE handling qualities
with a right lateral center-of-gravity (cg), and (3) handling qualities of the
helicopter with a fire suppression kit (FSK) attached to the cargo hook. The
US Army Aviation Systems Test Activity (USAASTA) was directed by AVSCOM
to conduct tests to satisfy these requests (refs 5 and 6). Funding for the pro.ram
was provided by ASD through a military interdepartmental purchase request (MiPR)
(refs 7 and 8).

TEST OBJECTIVES

2. Specific objectives of this test were as follows:

a. Determine main rotor and tail rotor hovering performance at 4,200 and
9,500 feet mean sea level (MSL).

b. Determine control margins at 4,200 and 9,500 feet MSL while hovering
IGE in simulated wind conditions.

c. Evaluate IGE handling qualities and control margins up to 30 knots in
sideward and rearward flight at 4,200 and 9,500 feet MSL with the aircraft loaded
to a right lateral cg configuration.

d. Evaluate handling qualities at 4,200 feet MSL in rearward flight with
the FSK installed.

e. Evaluate handling qualities and vibration characteristics during climbing,
level flight, and partial power descent with the FSK installed.

- -




DESCRIPTION

3. The test helicopter, S/N 67-17145, is a standard production UH-1H aircraft
manufactured by thc Bell Helicopter Company. The main rotor is a single,
two-bladed, tectering type with a stabilizer bar. A two-bladed teetering antitorque P
rotor is locatcd at the top of the vertical stabilizer. The helicopter is powered
r by a Lycoming T53-L-13 turboshaft engine rated at 1,400 shaft horsepower (shp)
at sea level (SL) under standard day, uninstalled conditions. The engine is derated
to 1,100 shp due to the maximum torque limit of the helicopter's main *
transmission. The design gross weight of the UH-1H is 6,600 pounds, and the
maximum gross weight is 9,500 pounds. A more detailed description of the UH-1H
helicopter is contained in appendix B and in the operator's manual (ref 9, app A).

SCOPE OF TEST

4. The "‘!I-1H helicopter was evaluated to determine the hoverirg performance
and low-spced IGE handling qualities. Handling qualities with the FSK installed
were also evaluated in rearward flight IGE and forward flight at altitude. During
this program, 24 flights were conducted for a total of 35.4 hours, 20.4 of which
were productive test hours. All flights were performed and supported by USAASTA
personnel. The testing was conducted in California from 13 July through
9 August 1971 at Edwards Air Force Base (AFB) (2,302-foot elevation) and at )
high-altitude test sites near Bisnop (4,112- and 9,500-foot elevations). The total .
flight hours include ferry time between Edwards AFB and Bishop, and return,
and flight time between test sites. The conditions for each test are presented in
the Results and Discussion section of this report.

5. The test program was conducted within the limitations established by the
AVSCOM test directives (refs S and 6, app A).

P 6. Prior to testing, the aircraft flight and engine controls were rigged in

compliance with appropriate US Army publications. The swashplate was rigged to
2.0 degrees, down, l:ft, to comply with TM 55-1520-210-20 (ref 10, app A). This
swashplate rigging was chosen to compensate for the right lateral cg expected when
using the rescue hoist during rescue operations. Tracking of the main rotor and
tail rotor was performed prior to the start of the test program.

7. The empty weight of the test aircraft with test instrumentation installed was
5,420 pounds with the longitudinal cg at fuselage station (FS) 143.97 (aircraft
hattery located at FS 5.0) or FS 147.13 (aircraft battery located at FS 233.0).
The lateral cg for these two conditions was buttline (BL) 0.38 left, or BL 0.36
left, respectively. The estimated weight of the test instrumentation was 63 pounds
with a longitudinal fusclage station (moment arm) of 190.21.

8. The UH-1H was evaluated as a utility helicopter. Military specification
MIL-H-8501A (rcf 11, app A) was used to determine specification conformance.
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Handling qualitics ratings were assigned in accordance with the Handling Qualities
Rating Scale (HQRS) presented in appendix C. Qualitative pilot comments were
used to dctermine deficiencies and shortcomings. The applicable portion of the
terms "Deficiency” and "Shortcoming," as defined in Army regulation AR 310-25
(ref 12). arc presented below:

a. Deficiency ~ A defect or malfunction discovered during the
life cycle of an equipment that constitutes a safety hazard to
personnel; will result in serious damage to the equipment if
operation is continued; indicates improper design or other cause
of an item or part, which seriously impairs the equipment's
operational capability. A deficiency normally disables or
immobilizes the equipment; and if occurring during test phases,
will serve as a bar to type classification action.

b. Shortcoming — An imperfection or malfunction occurring
during the life cycle of equipment, which should be reported
and which must be corrected to increase efficiency and to
render the equipment completely serviceable. It will not cause
an immediate breakdown, jeopardize sofe operation, or
materially reduce the usability of the materiel or end product.
If occurring during test phases, the shortcoming should be
corrected if it can be done without unduly complicating the
item or inducing another undesirable characteristic such as
increased cost, weight.

METHODS OF TEST

9. Test methods and data reduction procedures used in these tests are proven
engineering flight test techniques and are described in appendix D. Tests werc
conducted in nonturbulent atmospheric conditions, unless otherwise stated, so the
data would not be influenced by uncontrolled disturbances. The flight test data
were manually recorded from test instrumentaticn located in the copilot panel
and engineer auxiliary test panel. A list of the test instrumentation is included
as appendix E.

CHRONOLOGY

10. The chronology of this test program is as follows:

Test directive received 11  June 1971
Safety-of-flight release received 11 June 1971
Test instrumentation installation begun 21  June 1971
Flight tcst started - 13 July 1971

Flight test completed 9 August 1971




RESULTS AND DISCUSSION

GENERAL

11. Engincering flight tests were conducted on the UH-1H helicopter to cvaluate
the performance and handling qualities during hover, translational flight, and
forward flight. Selected performance parameters and handling qualities were
quantitatively and qualitatively evaluated. For the conditicns tested, the UH-1H
did not comply with paragraphs 3.2.1, 3.3.2, and 3.3.6 of MIL-H-8501A (ref 11,
app A). There were three deficiencies, the correction of which appears essential
for adequate mission accomplishment: (1) insufficient longitudinal control within
the approved gross-weight/cg envelope, (2) insufficient directional control, and
(3) directional instability between 10 and 18 knots at relative azimuths between
210 and 320 degrees.

PERFORMANCE

Antitorque System

12. Antitorque system performance tests were conducted to determine the
limitations of aircraft performance which were attributable to the antitorque
system. An instrumented 90-degree tail rotor gearbox was utilized to measure tail
rotor torque. All antitorque system performance test data were acquired in
conjunction with other tests. Results of these tests arc presented in figures |
through 15, appendix F.

13. A directional control margin of 10 percent of the full displacement was
qualitatively determined to be the minimum acceptable to provide adequate control
of the helicopter. No controllability data are available on the UH-1H helicopter
to determine the magnitude of yaw response associated with this control margin.
Additional testing would be required to determine the controllability characteristics
of the UH-1H helicopter.

14. Figure 1, appendix F, presents th2 variation in directional control margin as
a function of skid height and main rotor thrust coefficient (CT). The skid height
at which minimum CT (hence minimum gross weight) occurred varied between
out of ground effect (OGE) and 10 feet, depeiiding on the magnitude of the
directional control margin. The CT associated with a directional control margin
of 30 percent increased steadily with decreasing skid height. Nonlinear relationships
between skid height and CT were noted for directional control margins less than
25 percent.

15. The tail rotor blades were rigged to yield an average blade pitch angle of
18 degrees with full left pedal. A plot of average tail rotor blade angle versus
directional control position is presented in figure 15, appendix F. The average tail
rotor blade pitch angle is essentially linear as a function of pedal position.

l
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16. The power required at the output shaft of the 90-degree tail rotor gearbox
for various directional control margins at different skid heights is shown in figures 9
through 11, appendix F. The tail rotor power required did not vary significantly
as a function of skid height for directional control margins of 10 percent or more.

The maximum difference in tail rotor power was less than 20 horsepower between H
a 2foot hover and OGE with a 10-percent directional control margin at SL,
standard-day conditions. However, at directional control margins of less than l

10 percent, the tail rotor power required varied nonlinearly. It was calculated that
tail rotor powers in excess of 170 horsepower should be anticipated during hover
at directional control margins of 5 percent or less while operating at or near SL.
The tail rotor powe~ for a given blade pitch angle varies as a function of density
altitude, and decreased as density altitude increased. The structural design criteria
report (ref 13, app A) for the UH-1H states that the antitorque drive system design
limit is 386 foot-pounds (ft-1b) of torque (122 shp at 1,654 rpm).

17. The percentage of total engine power that was required by the tail rotor as
a function of directional control position during a hover is presented in figure A.
This percentage varied as a function of skid height and directional control position.
The skid heights requiring the largest and smallest percentages were 10 feet and
A OGE, respectively. Increasing directional control between 35 and 10 percent
caused the antitorque drive system power percentage to increase almost linearly.
The percentage of total engine power absorbed by the tail rotor varied nonlinearly
when the directional control rargin was less than 10 percent. This nonlinear
increase in power distribution t . the tail rotor indicated the presence of tail rotor
blade stall. An increase in aircraft high-frequency vibration was noted when a left
directional control margin of less than 10 percent was encountered. This increase
in aircraft high-frequency vibration also indicated that some form of tail rotor
blade stall was being encountered. The severity of the high-frequency vibration
increased as the directional control approached the left control limit.

i

’ Hovering

18. The objective of these tests was to determine hovering performance as a
function of skid height by using the tethered hover method. During these tests,
the longitudinal cg varied from FS 136.2 to FS 138.0. The test results are
presented in figures 16 through 23, appendix F. The faired lines on these figures
were derived from the YUH-1D performance report (ref 2, app A). The hovering
test conditions are presented in table |.

19. The skid height for each test was determined by mcasuring the distance from
the bottom of the left landing gear skid tube to the ground. The reference point
for all skid height measurements was BL 48.0 left, water line (WL) -7.0, and
FS 134.5, which is opposite the cargo hook (photo 1). All hovering tests were
conducted ‘with the engine inlet screens and particle separator installed. This inlet
configuration was necessary to prevent foreign object damage to the engine which
could have occurrcd at the Bishop, California, test sites.
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NOTES: 1. Dashed portion of cufves indicates

extrapolated data.
2. Density altitude = 10,000 feet.
3.  Rotor speed = 324 rpm.

-

Percent of Engine Power Required by Tail Rotor ~ percent

]
\
\
=\
\
Skid Height:
10 feet
2 feet
& 60 feet
? 10 20 30 40 50
Left Right

Directional Control Position ~ percent from full left

Figure A. Tail Rotor Power Fraction.

Table 1. Hovering Performance Test Conditions.

Terrain
Skid Height Altitude Above Rotor Speed
(ft) Mean Sea Level (rpm)
(fe)
5, 10, 15, 20, and 30 4,220 324
and and
9,550 ‘ 314

U NPT,




Photo 1.

Determination of Hovering Skid Height.




20. The percentage of total engine power available to the main rotor decreased
duc to the nonlincar increase in tail rotor power caused by tail rotor stall. Figure B
presents a nondimensional comparison of IGE hovering performance with the power
cocfficicnts (Cp's) based on both measured engine power required and derived main
rotor power. The difference between the two curves presented in figure B is
approximately 13 percent up to a CT of 0.0048 and increases thereafter. A
directional control margin of approximately 10 percent was encountered at this
CT value. The hovering performance capability of the UH-1H was adversely affected
by apparent tail rotor stall when the directional control margin was less than

10 percent.
NOTES: 1. Solid line denotes power coefficient
based on measured engine power.
2. Dashed line denotes power coefficient
based on derived main rotor power.
A4
Engine
f Power Regquired
v
o 36
Ed
=¥
v
I
£ /
? '_::: A—Main Rotor
é / Power Required
- .
3
S 20 |/ A
!_(/

1
%6 34 42 30 S8

Thrust Coefficient — CT x 104

Figure B. Hovering Performance at a 2-Foot Skid Height.
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21. The IGE hovering performance is limited by directional control in many areas
depending on skid height, gross weight, density altitude, and rotor speed. The most
critical skid height for a directional control margin of 10 percent is 10 feet.
Figure C presents the IGE, standard-day hovering capability of the UH-1H
helicopter at a skid height of 10 feet and a rotor speed of 324 rpm. The hovering
capability is reduced at altitudes above 9,000 feet when observing the
recommended 10-percent directional control margin.

NOTES: 1 Standard day.
2.  Wind less than 2 knots.
3. Skid height = 10 feet.
4. Rotor speed = 324 rpm.
S. Engine particle separator installed.
Maximum Engine
- Power Available
k |
o 13 1
2 /
® 10-Percent
! Directional Control Margin
(%]
-g lﬂr e
<
2
2 s ——
o
&
Maximum Gross Weight
Limit
o

7 8 9
Gross Weight ~ x 1073 pounds

Figure C. IGE Hovering Performance.

22. The IGE hovering performance is further degraded when hovering in adverse
crosswind conditions. The limitations and handling qualities during translational
flight are discussed in paragraphs 27 through 32,

Level Flight Performance With Fire Suppression Kit

23. The objective of this test was 1o define the approximate increase in equivalent
flat plate area with the FSK installed (photo 2). The results of this test are

1
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presented in figure 24, appendix F. It should be noted that the atmospheric
conditions during this test were unacceptable, and additional testing would have
to be conducted to verify the calculated increase in equivalent flat plate area. It
was calculated from the frontal area and a drag coefficient of 1.0 that the
equivalent flat plate area increased approximately 6 square feet with the FSK
installed. The level-flight performance data, presented in reference 1, appendix A,
were used as the baseline against which to determine this increase in equivalent
flat plate area.

HANDLING QUALITIES

Cyclic Pitch Control Pattern

24. The cyclic pitch control pattern was determined during ground tests with the
rotor in a static position. Hydraulic and electrical power were provided by external
sources. The test was conducted with the collective control in the full-down
position. The center of the cyclic control grip was used as a reference in determining
the magnitude of the cyclic control displacement. A plot of the cyclic pitch control
pattern is presented in figure 25, appendix F. The cyclic pitch control pattemn
shows that the available longitudinal and lateral control are mutually dependent.
This mutual dependence usually occurs when either the longitudinal or lateral
control is within 15 to 25 percent of the control limit. This plot should be used
when determining longitudinal and lateral cyclic control margins.

Translational Flight Evaluation

25. Translational flight is defined as flight in any direction with relative wind
at any azimuth from zero through 360 degrees (measured clockwise from nose
of aircraft) at airspeeds between zero and 35 knots. The primary objectives of
this test were to evaluate the handling qualities and to determine control margins
in translational flight. The applicable subparagraphs of paragraphs 3.2 and 3.3 of
MIL-H-8501A (ref 11, app A) were used as a basis for evaluation. A secondary
purpose of this test was to determine the tail rotor power required to stabilize
the aircraft at various combinations of wind azimuth and wind speed. The test
method used to meet these objectives was to conduct translational flights at various
combinations of relative azimuth and speed by using a calibrated ground pace
vehicle as a reference. When the aircraft was stabilized in translational flight,
parameters necessary to determine gross weight, ambient air conditions, azimuth,
ground speed, and control margins were recorded. The wind velocity, measured
approximately 10 feet above the ground, was less than 4 knots during all of the
tests. Ambient wind speed and direction were incorporated into the analysis when
determining the vectorial airspeed summation and relative azimuth to the nose of
the aircraft. A nearly constant main rotor thrust coefficient was maintained for
each test condition by adding ballast as fuel was consumed. The test conditions
evaluated are listed in table 2. Results of the translational flight handling qualities
are graphically presented in figures 26 through 66, appendix F.




Photo 2. UH-1H with Fire Suppression Kit (FSK) Attached to Cargo Hook.
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Table 2. Translat .onal Flight Handling Qualities Test Conditioms.

Longitudinal| Lateral

Taut Gross |Density Center of |Center of Rotor [Outside Air
Weight |Altitude Speed |Temperature

Condition (1b) (£t) Gravity Gravity (rpm) (°C)

(in.) (in.) =

1 7,400 5,200 | 130.5 (fwd)|0.05 left| 323 17

2 8,600 5,100 | 130.2 (fwd)|0.04 left| 322 17

3 7,600 11,300 | 130.3 (fwd)|0.05 left| 324 12

4 9,400 5,600 | 134.0 (fwd)|0.04 left| 323 20

5 8,600 11,500 | 130.5 (fwd)|0.04 left| 324 13

i . B ofieshe

26. Translational flight tests were not conducted in actual winds since the test
aircraft was not instrumented to record either the frequency or the magnitude
of control inputs required in unsteady air flow. However, previous UH-1H test
results (ref 1, app A) indicate that the translational handling qualities in winds
are significantly degraded when compared to paced translational flight in
undisturbed air.

rd

Longitudinal Cyclic Control Margin:

27. Insufficient aft longitudinal control was experienced during all of the test
conditions shown in table 2. All tests were conducted with the aircraft at or near
the forward longitudinal cg limit. The aft longitudinal control limit was encountered
at various combinations of airspeed and azimuth. The most critical azimuth for
insufficient aft longitudinal control was 190 to 210 degrees clockwise from the
nose of the aircraft. The critical azimuth is defined as the azimuth at which the
10-percent longitudinal control margin is encountered. the airspeed at which this
critical azimuth occurs decreases with increasing density altitude, increasing gross
weight, and/or decreasing rotor speed. Since controllability data were not available
from previous UH-1H helicopter testing, a control margin of 10 percent was
qualitatively established as the minimum to effectively coi:trol the aircraft in wind
gusts of +2 knots at any azimuth for airspeeds less than 12 knots. At airspeeds
less than 12 knots, the pilot could adequately control the aircraft with moderate
compensation with a 10-percent longitudinal control margin (HQRS 4). The aft
longitudinal control inputs required to control aircraft pitching motions within the
12 to 18-knot speed range exceeded 10 percent when trying to stabilize downwind
at the conditions shown in table 2. The longitudinal control inputs required in
this area were 8 to 15 percent, depending on gross weight, density altitude, and/or
rotor speed (main rotor thrust coefficients). Pilot effort in this airspeed range was
excessive when trying to achieve adequate performance (HQRS 6). Prolonged

12




ri

exposurc (5 to 10 minutes) at these flight conditions induced pilot fatigue and
decreased pilot efficiency. The pilot effort associated with prolonged exposure was
intense, and adequate performance is unattainable (HQRS 7). As the speed of the
aircraft increased trom 18 to 30 knots, the 10-percent aft longitudinal control
margin was sufficient to control the helicopter in translational flight. Minimal pilot
compensation was required to obtain desired performance at these higher speeds
(HQRS 3).

28. The aft longitudinal control capability was significantly less than that required
to meet the intent of paragraph 3.2.1 of MIL-H-8501A. This insufficient aft
longitudinal control problem is only encountered when the aircraft is operating
at or ncar the forward longitudinal cg limit. It was recommended in reference 1,
appendix A, that a precautionary loading envelope (fig. D) be incorporated in the
operator's manual. That proposed envelope was not investigated during this test
program. However, based on the results of this test program, a change in the cg
envelope is needed. Without an appropriate cg envelope change, the lack of
sufficient aft longitudinal control within the present gross-weight/cg envelope is
a safety-of-flight hazard, and improvement is mandatory to meet the intended
mission.

Directional Control Margin:

29. The directional control capability was signficantly less than that required to
meet the intent of paragraphs 3.3.2 and 3.3.6 of MIL-H-8501A. The critical area
of insufficient directional control (less than |0-percent control margin) for test
condition number 1, table 2, was bounded by azimuths from approximately 30 to
45 degrees at an airspeed of 23 knots with a skid height of approximately 15 feet.
The area of inadequate directional control bounded by azimuth and speed increased
with combinations of increasing altitude, increasing gross weight, and/or decreasing
rotor speed. At the most critical condition (number §, table 2), the left directional
control margin was less than 10 percent at a wind speed of less than 10 knots
for azimuths between 75 and 265 degrees. For this same condition, the directional
control margin to the right was less than 10 percent at wind speeds greater than
25 knots from the left. A directional control margin of at least 10 percent allowed
the pilot, with considerable compensation, to stabilize or maneuver the aircraft
in translational flight (HQRS $5). Increased directional control is mandatory if
mission accomplishment is to be achieved within the currently approved flight
envelope of the aircraft.

30. The UH-IH was difficult to stabilize directionally at speeds between
10 and 18 knots at relative azimuths between 210 and 320 degrees. Figure E
illustrates a reprecentative area of this directional instability. Rapid, and sometimes
large, directional cuntrol excursions were necessary to maintain a heading for these
conditions. Pilot recognition and reaction times following small excursions in yaw
determined the frequency and magnitude of the directional control inputs. During
test condition number 3, table 2, directional control of the aircraft was lost
{uncontrolled right yaw) when trying to stabilize at a speed of 13 knots at a relative
azimuth of 270 degrees (left crosswind) (HQRS 10). Available directional control

3




was insufficient to arrest the yawing motion until the helicopter had yawed
uncontrollably 300 degrees to the right. Insufficient directional control precludes
safc operation within the currently approved flight envelope, and improvement in
dircctional control capability is mandatory.

Present Envelope
|

S

Recommended Envelope

)

'?o
»
4 L
)
2] e
ﬁ z 7
2
2
O | S
6__
N\
NN
s \\\\\ |
13¢ 132 134 136 138 140 142 144 ‘

Longitudinal CG l.ocation ~ inches

Figure D. Recommended Gross-Weight/CG Fnvelope.




P
Speed Density Altitude Gross Weight Coefficient
Legend (kt) (ft) (Ib) of Thrust
—_— 11.0 5,180 1,430 0.003057
———- 19.5 5,150 7,220 0.002970 F
NOTES: 1. Aircraft could not be stabilized between
120 and 210 degrees due to insufficient
longitudinal control at 19.5 knots. ‘
. 2. Longitudinal center of gravity = FS 130.6 (fwd). -
3. Lateral center of gravity = 0.05 left. ]
4. Rotor speed = 324 rpm.
- 5. Skid height range = 5 to 15 feet. r
G -
& 80 .
E L]
E .
(o] N
= i
J ] Area of Directional Instability
o
a,
;
! ﬁ S a0 .
Z %
=¥ —\
— ~Jd
£ N
g 20 U
o
<
=
kS
.
5 3% 90 180 270 360
‘ Azimuth ~ degrees clockwise from nose of aircraft
Figure E. Directional Control Position IGE at Various Wind Azimuths.

31. The lack of sufficient directional control can be further complicated by the
large changes in longitudinal cyclic control required to arrest the pitching motions
of the aircraft. Following the loss of directional control discussed in paragraph 30,
the helicopter started to pitch nose down as it rotated through a heading of
240 degrees. Full aft cyclic control was required to check the pitching motions
as the aircraft continued to turn to the right. Insufficient directional control, when
combined with insufficient longitudinal control, is a safety-of-flight hazard, and
correction or imposition of appropriate limitation (fig. F) is mandatory for safe
operation,

.‘t’).s‘ -
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Density Altitude ~ x 102 feet

NOTES: 1. Rotor speed = 324 rpm.
2. Envelope based on a 10-percent control margin at
all wind azimuths.
3. Longitudinal center of gravity at or near forward limit.
4. Curves derived from figure 26, appendix E.
12
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Wind Speed = zero

Wind Speed = 10 kts

Wind Speed = 5 his

|__ Maximum Gross Weight Limit-y

E

o

70 75 80 83 90 95

Gross Weight ~ x 162 pounds

Figure F. Recommended IGE Translational Flight Envelope for the Present
Gross-Weight/CG Flight Envelope.

32. The IGE transiational flight envelope for 10-percent longitudinal and
directional control margins is presented in figure F for the present gross-weight/cg
envelope. When the aircraft is loaded to provide a 10-percent longitudinal control
margin in translational fligh!. the helicopter is still limited by a 10-percent
directional control margin, as shown in figure G. It is required that the directional
control system for the UH-1H be improved to provide increased translational flight
capabilities.

Lateral-Directional Characteristics:

33. No undesirable lateral control characteristics were encountered during the
translational flight handling qualities evaluation. There was adequate lateral control
margin to control the aircraft in roll with a mid lateral cg loading. However, an
undamped lateral-directional oscillation with a period of about 1.5 to 2.0 seconds
was encountered at airspeeds greater than 25 knots in right translational flight
IGE at thrust coefficients greater than 0.0035. This lateral-directional oscillation
was only encountered in those translational flight regimes where full left pedal

v




was rcquired. The helicopter oscillated approximately +10 degrees in yaw and
approximately t2 degrees in roll. The oscillations were unpleasant, since a desired
heading could not be precisely maintained (HQRS 3). An attempt was made to
excite this motion OGE, but all attempts failed to induce any lateral-directional

oscillation at this condition. ! Jr‘

Aircraft Height Control:

34. Control of skid height by use of collective control was easilv accomplished
(HQRS 2).

)

NOTES: 1. Rotor speed = 324 rpm.
2. Envelope based on 10-percent directional control

margin at all azimuths. r

3. Curves derived from figure 26, appendix E. ' I

-

F

Wind Speed = 20 kts

Density Altitude ~ x 167 feet

3
Wind Speed = 25 kts
i’ I

70 73 BO s 90 93

Gross Weight ~ x 10-2 pounds

—
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Figure G. Recommended IGE Translational Flight Envelope for
Reduced Forward CG Flight Envelope.

Tail Rotor Power:

: 35. The tail rotor power required to stabilize the aircraft increased nonlinearly
| as the directional control approached the left limit. The maximum tail rotor power
encountered during translational flight was 140 horsepower for test condition
number 2 and number 4, table 3. The rapid, and sometimes large, directional |
control excursions discussed in paragraph 30 caused large tail rotor power !
) oscillations. Oscillating tail rotor power levels were not measured exactly during
this program but are estimated to vary from 40 to 140 horsepower for some test

n




conditions. At no time during the test program was any of the tail rotor drive
train (gecarboxcs, shafting, etc.) replaced. It has been noted on previous test
programs that higher tail rotor horsepower was recorded during translational flight
or controllability tests at sea level with the aircraft loaded at maximum gross weight
(ref 14, app A). Therefore, additional testing is required to determine tail rotor
drive system power required at or near sea level.

Right Lateral Center-of-Gravity Evaluation

36. The primary objectives of this test were to evaluate the handling qualities
and to determine control margin with a right lateral cg loading. A secondary
objective of this test was to determine the tail rotor power required to stabilize
the aircraft in sideward flight when loaded asymmetrically. Various lateral
asymmetric loadings were used to simulate rescue missions with the hoist located
on the right side at longitudinal FS 80.0. All tests were conducted in sideward
and rearward flight within a 5- to 15-foot skid height range. A calibrated ground
pace vehicle was used as a speed reference. Conditions tested are listed in table 3.
Results of thesc tests arc presented in figures 67 through 76, appendix F.

Table 3. Lateral Center-of-Gravity Test Conditions.

Gross | Density Rotor Longitudinal Lateral
Weight | Altitude | Speed | Center of Gravity | Center of Gravity
(1b) (ft) (rpm) (in.) (in.)
0.05 left to
7,600 6,000 323.5 130.5 (fwd) 4.38 right
0.04 left to
8,400 5,300 323.0 130.5 (fwd) 4.01 right
0.05 left to
7,600 11,600 324.0 130.3 (fwd) 2.89 right

Lateral Cyclic Control Margin:

37. Lateral cyclic control variation with speed in sideward flight was stable
(increasing right lateral cyclic control was required with increasing sped in right
sideward flight) for all conditions tested. Approximately 4.5 percent (0.6 inch)
of lateral cyclic control displacement was required for each 20-knot change in lateral
speed. It was determined from figure 67, appendix F, that approximately
8 percent (1 inch) of lateral cyclic control displacement was required to balance
a 14,000 in.-1b change in lateral moment. There was sufficient lateral cyclic control
available to maneuver the aircraft during sideward flight fi.r the conditions tested.
Pilot compensation to control rolling motions was not a factor to achieve desired
performance.
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38. A lcft latcral control margin of 18.5 percent was encountered when hovering
(zcro wind speed) the aircraft with a right lateral moment of 35,000 in.ib.
Approximatcly 6.9 percent of additional left lateral cyclic displacement was
required in left sideward flight when the speed was increased from zero to 20 knots.
Therefore, a left lateral cyclic control margin of approximately 11.6 percent
(18.5 percent minus 6.9 percent) is available in left sideward flight at 30 knots
with a right asymmetric moment of 35,000 in.-lb. This calculated lateral control
margin is slightly greater than the intent of paragraph 3.3.4 of MIL-H-85C1A and
should allow for variations in rigging between aircraft. The UH-1H should be limited
to a right lateral moment of 35,000 in.-1b to provide at least a 10-percent lateral
control margin. Additional tests would be required to determine the maximum
allowable right lateral moment when the rigging of the main rotor swashpla‘ is
different than 2.0 degrees down, left.

39. No definite trend of lateral cyclic control requirements in rearward flight could
be determined from the qualitative test results. In rearward flight, the lateral cyclic
control sometimes moved to the right nonlinearly as speed was increased, while
in some instances no change in lateral cyclic control was observed. Lateral control
characteristics and lateral control margins in rearward flight were acceptable at
all conditions tested.

Longitudinal Cyclic Control Margin:

40. Increasing aft longitudinal control displacement was required to stabilize in
left sideward flight as speed was increased from zero to the maximum tested. The
gradient of aft longitudinal control displacement was apprcximately 0.7 percent
per knot (0.08 in./kt) in left sideward flight. A longitudinal control margin of
less than 10 percent was encountered several times during the text program at
speeds in excess of 20 knots in left sideward flight. However, if \he proposed
gross-weight/longitudinal cg envelope discussed in paragraph 29 is observed,
sufficient longitudinal control should be available to control the helicopte: and
provide a 10-percent aft longitudinal control margin in ift sideward flight. No
appreciable change in longitudinal cyclic was required 0 naintain the trim pitch
attitude when translating to the right from 4 nover to a speed of 10 to 15 knots.
As speed exceeded 10 to 15 knots in right sideward fligh.. an increase in aft
longitudinal cyclic was necessary to control pitch attitude for most conditions
tested. The longitudinal control margin during right sideward flight was generally
15 t. 7 percent at the limit speed. Variations in lateral cg, density altitude, and
gross weight did not significantly affect the longitudinal control gradient in either
left or right sideward flight. The longitudinal cyclic control characteristics were
not objectionable during sideward flight and control of the aircraft could be
maintained with minimal pilot compensation (HQRS 3).

41. A nonlinear increase in aft longitudinal control displacement was required to
stabilize the helicopter as speed was increased in rearward flight. Variations in right
lateral cg had negligible effects on the longitudinal control displacement
characteristics in rearward flight. The maximum groun! speed attainable in rearward
flight at a 10-percent longitudinal control margin varied from 9 to 18 knots,
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depending on density altitude, gross weight, and longitudinal cg. The pilot
corapensation required to control the aircraft ranged from moderate to intense,
depending on the speed in rearward flight and time exposed to a specific flight
specd. DParagraph 27 discusses in detail the longitudinal control problems
encountcred  during rearward flight. Adoption of the recommended
gross-weight/longitudinal-cg envelope (para 28) will increase the aft longitudinal
control margin and the downwind hovering capabilities of the UH-1H.

Directional Control Margin:

42. There was a nonlinear variation in directional control position as the speed
of the aircraft was increased in sideward flight. Increasing left directional control
displacement was required as speed increased from zero to 10 knots in left sideward
flight. This increase in left directional control with increasing left sideward speed
indicated that the aircraft had a tendency to turn downwind. This flight
characteristic was not objectionable up to speeds of 10 knots, and control of the
helicopter could be maintained with minimal pilot effort (HQRS 3). At a speed
of 10 knots in left sideward flight, a reversal in directional control requirement
occurred, since increasing right directional control displacement was required to
stabiiizc the aircraft in left sideward flight. The maximum directional control
gradient in left sideward flight occurred at a speed of approximately 15 knots
and had an average magnitude of 6.5 percent per knot (0.45 in./kt). Intense pilot
compensation was required to stabilize the aircraft between 10 and 18 knots on
a precise heading in left sideward flight (HQRS 8). At airspeeds in excess of about
18 knots, the pilot compensation was reduced to a minimal level (HQRS 3).
Generally, increasing left directional control was required with increasing speed
in right sideward flight. For many conditions tested, the recommended 10 percent
of directional control margin (para 29) was encountered prior to reaching 30 knots
in sideward flight to the right. Pilot effort and handling qualities ratings during
right sideward flight were the same as those presented in paragraph 29. The
variation in right lateral cg had a negligible effect on directional control
requirements in sideward flight. The recommended IGE translational flight envelope
presented in paragraph 32 is valid when operating at right asymmetric moments
up to 35,000 in.-b.

43, Variations in directional control as a function of speed in rearward flight
exhibited no definite trend. For most conditions tested, increasing right directional
control was required as rearward speed was increased. However, for several isolated
test conditions, increasing left pedal was required to stabilize the aircraft in rearward
flight as speed increased. Pilot compensation required to control the helicopter,
along with associated handling qualities ratings during rearward flight, are the same
as paragraphs 30 and 31. Again, as during sideward flight, variations in lateral cg
had a negligible effect on the directional handling qualities during rearward flight.

Tail Rotor Power:

44. Increasing tail rotor power was required with increasing left directional control
displacement both in rearward and sideward flight. The average magnitude of these




peak valucs was 113 and 102 horsepower at density altitudes of approximately
6,000 and 11,000 feet, respectively, with a 10-percent directional control margin.
Variations in lateral cg had a negligible effect on a tail rotor power required as
a function of directional control position when the directional control margin was
more than 10 percent. )r“

Evaluation with Fire Suppression Kit Installed

45. The objective of this evaluation was to determine if there was any appreciable
degradation of UH-1H handling qualities with the FSK installed. Both static and ‘

» dynamic tests were conducted with the FSK installed. The FSK was filled with
water and was attached to the aircraft by the cargo hook for all tests, unless
otherwise noted. Quantitative test results are presented in figures 77 through 80,
appendix F. Time history data were not recorded since a continuous recording
data system was not installed in the aircraft. All tests conducted in level flight
at altitude were at an approximate CT of 0.0036. Autorotational tests were not
conducted.

46. Increasing forward longitudinal cyclic was required to stabilizc the aircraft
as airspecd was increased from 41 to 96 knots calibrated airspeed (KCAS).
Variations in lateral and directional controls, in this airspeed range, were not
apparent to the pilot. All control margins were more than 10 percent for the
airspeed range and conditions tested. The static trim characteristics are acceptable
for missions requiring use of the FSK (HQRS 2).

—

47. The static directional stability and dihedral effect of the UH-1H helicopter
with the FSK installed were ger.erally positive (increasing right directional control,
and left lateral control with increasing left sideslip) for the two trim airspeeds
investigated. The variation in directional control requir:ments was essentially linear
as sideslip was varied about trim. The lateral control displacement as a function
of sideslip was nonlinear and became less positive as ar gle of sideslip was increased.
This decrease in lateral cyclic control gradient indicated a decrease in dihedral effect.
P The static lateral-directional characteristics with FSK installed are satisfactory.

48. Side-force characteristics, as indicated by bank angle during steady sideslips,
were qualitatively determined to be positive,

49. The handling qualities of the UH-1H in rearward flight with the FSK installed
were similar to those discussed in paragraphs 39, 41, and 48.

50. The aircraft motions following a longitudinal control pulse input in hover,
partial power descent, and level flight were well damped, and no undesirable
cross-coupling motions were present. The aircraft reaction to longitudinal inputs
was immediate and in the direction commanded. The motions of the FSK following
a longitudinal pulse input were well damped, and these n.otions were not evident
to the flight crew.
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S1. Initial aircraft response following a lateral control pulse input in hover, partial
power descent, and forward flight were damped. However, approximately 2 to
3 scconds following a lateral pulse, the resulting oscillating motion of the FSK
induced an aircraft rolling motion. the magnitude of the aircraft rolling motion
increascd as the size of the lateral pulsc was increascd. The most critical test
condition was during partial power descent at an airspeed of approximately
55 KCAS. For this test condition, approximately ten lateral oscillations of the
FSK werc observed following a l-inch left lateral pulse input. Aircraft rolling
motions associated with FSK oscillations following a 1-inch left lateral control pulse
input were not quite as noticeable in a hover as in descending flight. The aircraft
rolling motions resulting from FSK oscillations following a left lateral pulse input
required considerable pilot compensation to achieve adequate performance during
partial power descent and hover (HQRS 5). Increasing airspeed in level flight caused
the resulting oscillations of the FSK to decrease in number following a left lateral
pulse input. The pilot effort required to provide adequate performance in level
flight was minimal at airspeeds in excess of 40 KCAS for left lateral 1-inch inputs
(HQRS 3). A l-inch right lateral pulse input resulted in only three oscillations
of the FSK during partial power descent and hovering flight. The aircraft response
and resulting FSK oscillations to right lateral pulse inputs required minimal pilot
effort to realize desired performance for all flight conditions tested (HQRS 3).
No objectionable cross-axis coupling was encountered following lateral pulse inputs.
Elimination of the aircraft rolling motions associated with FSK oscillations are
desirable for improved operation and mission capabilities.

52. The UH-1H demonstrated heavy damping following a directional control pulse
input. Positive dihedral effect (roll opposite direction of sideslip) was evident
following the initial portion of the directional control input. This rolling motion
excited the lateral oscillation of the FSK, however, minimal pilot compensation
was required to achieve desired performance (HQRS 3).

53. Slow, coordinated turns with roll rates of 2 degrees per second (deg/sec) during
climbs. descents, and level flight were evaluated at an airspeed of approximately
55 KCAS. The maximum bank angle investigated was 30 degrees, right and left.
Pilot effort to control the helicopter in a roll was minimal (HQRS 3).

54. Abrupt, coordinated turns (10 deg/sec roll rate) were evaluated during climbs
and descents at a speed of approximately 55 KCAS. The oscillating motions of
the FSK following the initial lateral control input increased the pilot effort required
to maintain the desired roll attitude during the turn when rolling from right to
left with bank angle changes greater than 20 degrces (10 degrees right to
10 degrees left). The pilot compensation required fo; a 20-degree change in roll
attitude and resulting turn was minimal. Large. bank angle changes required
increased pilot effort.

55. Vibration characteristics were qualitatively cvaluated throughout the flight
envelope. The vibration characteristics for the conditions tested were acceptable,
and no apparent change in aircraft vibration was noted with FSK installed when
compared to the standard aircraft.
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CONCLUSIONS

GENERAL

56. The following general conclusions were reached upon completion of the tail
rotor performance test of the UH-1H helicopter:

a. The percentage of total engine power absorbed by the tail rotor varied
nonlinearly when the left directional control margin was less than 10 percent
(para 17).

b. The hovering performance is adversely affected by the apparent tail rotor
stall when the left directional control margin is less than 10 percent (para 20).

¢. The handling qualities are unacceptable during translational flight
(paras 27 through 31).

d. An undamped lateral-directional oscillation was encountered at speeds
greater than 25 knots during IGE right translational flight (para 33).

¢. The maximum tail rotor power encountered during translational flight
was 140 horsepower (para 35).

f.  The maximum right lateral moment consistent with 10-percent remaining
left lateral control in left sideward flight was 35,000 in.-lb (para 38).

g.  Additional testing is required to determine the maximum acceptable right
lateral moment with the rigging of the main rotor swashplate other than 2.0 degrees
down, left (para 38).

h. The handling qualities were not significantly affected by FSK installation
with thc exception of aircraft reaction in roll to lateral oscillations of FSK
(para 51).

i.  Three deficiencies and onc shortcoming were encountered during this

program (paras 57 and 58).

DEFICIENCIES AND SHORTCOMINGS AFFECTING MISSION
ACCOMPLISHMENT

57. Correction of the following deficiencies appears essential for adequate mission
accomplishment:

a. Insufficient longitudinal control within the approved gross-weight/cg
envelope (para 28).




b. Insufficient directional control (para 32).

c. Dircctional instability between 10 and 18 knots at relative azimuths
between 210 and 320 degrees is a safety-of-flight hazard (para 30).

5§8. Corrcction of the following shortcoming is desirable for improved operation

and mission capabilities: aircraft rolling motions associated with FSK oscillations
(para 53).

MILITARY SPECIFICATION COMPLIANCE

59. All translational flight handling qualities requirements contained in
MIL-H-8501A were complied with, except for the intent of the following
paragraphs:

Paragraph Item
3.2.1 Insufficient longitudinal control

(sce para 28)

3.3.2 and 3.3.6 Insufficient directional control
(see para 29)

<
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RECOMMENDATIONS
r
60. Correct deficiencies prior to further procurement. P
61. Correct shortcoming at earliest convenience.
62. Restrict the operational flight envelope to conditions which provide 10-percent ‘

. longitudinal and directional control margins (para 32).

63. Limit the maximum right lateral moment to 35,000 in.-Ib (para 38).
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APPENDIX B. BASIC AIRCRAFT INFORMATION AND OPERATING LIMITS

AIRFRAME

Main Rotor System

.

1. The main rotor assembly is of the two-bladed, semirigid teetering type
employing preconing and underslinging. The main rotor blades are all-metal bonded,
. and each blade is connected to a common yoke by means of a grip and suitable
pitch change bearings with tension straps to carry centrifugal forces. The main
rotor head (consisting of the yoke, blade grips, and bearings) is mounted to the
mast by means of a trunnion through the teetering bearing. The trunnion permits
rotor flapping while the blade grip to yoke extension bearings permit cyclic and
collective pitch action. The main rotor control system consists of a swashplate
assembly which transfers cyclic control motions from the fuselage-based system
to thc rotating controls, a scissors assembly which transfers motion from the *
i
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rotating swashplate to the stabilizer bar mixing levers, a stabilizer bar which aids
in the stability of the aircraft, a hydraulic damper assembly to control the
"following time" of the stabilizer bar, and static stops to limit teetering motion
of the hub. |

Tail Rotor System

N

2. The tail rotor is a two-bladed, rigid, Delta-three hinged type employing
preconing and underslinging. Each blade is connected to a common yoke by means
of a grip and suitable pitch change bearings. The blade and yoke assembly is
mounted on the tail rotor shaft by means of a Delta-three hinged trunnion to
minimize rotor flapping. A pitch-change mechanism actuated by the tail rotor
control pedals is provided to increase or decrease the pitch of the blades. The

tail rotor system principal subassemblies are the rotor blades, each blade constructed
* of aluminum alloy; the tail rotor head consisting of blade grips, the yoke which
forms the hub of the tail rotor, and the flapping axis trunnion which attaches
the yoke to the shaft through the flapping axis bearing; and tle tail rotor head
blade pitch control mechanism, which consists of a push/pull ti:be that actuates
a crosshead which is connected to the blade grips by means o control links to
produce thc desired blade pitch angles.

Empennage

3. The empennage consists of a vertical fin and synchronize« clevator. The
synchronized clevator, which has an inverted airfoil section, is locoted near the
aft end of the tail boom and is connected by control tubes and mechanical linkage
to the forc and aft cyclic control system. Fore and aft movements of the cyclic .
control stick produce a change in the synchronized elevator attitude. The *
swept-back vertical fin extends up from the aft end of the tail boom and houses
a portion of the tail rotor drive shaft. The vertical tail has no control surfaces. J
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friction can be induced into the control lever by hand tightening the friction
adjuster. A rotating grip-type throttle and a switch-box assembly are located on
the upper end of the pilot collective control pitch lever. The copilot collective
pitch control lever contains only the rotating grip-type throttle, starter switch, and
governer rpm increase/decrease switch.

Tail Rotor Pitch Control Pedals

9. Tail rotor pitch control pedals alter the pitch of the tail rotor blades, and
thereby provide the means for directional control. The force trim system is
connected to the directional controls and is operated by the force trim switch
on the cyclic control grip.

ENGINE

Envine Description

10. The T53-L-13 engine, rated at 1,400 shp, is a free-turbine-type power plant.
The main subassemblies of the engine are an inlet section, compressor section,
ditfuser section, combustor section, and exhaust section. The engine is derated
to 1,100 shp because of airframe drive train torque limits. All sections are designed
to include an annular flow path for the air or hot gases, are structurally
interdependent, support all internal rotating systems, and provide attaching
capabilities for engine-required external components and limited airframe
accessories.

Engine Power Control System

11. The T53-L-13 engine has a hydromechanical fuel control which consists of
the following main units:

a. Dual-element fuel pump.
b. Gas producer speed governor.
¢. Power turbinc speed topping governor.
d. Accecleration and deceleration control.
¢.  Fuel shut-off valve.
f.  Transient air bleed control.
12. An air bleed control is incorporated within the fuel control to provide for

opening and closing the compressor interstage air bleed in response to the following
signals present in the fuel control:
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Transmission System

4. The transmission is movated forward of the engine and is coupled to the
enginc by a sho't drive shaft. The transmission is basically a reduction gearbox
which transmits engine power at reduced rpm to the main and tail rotors by means
of a two-stage planetary geartrain. The transmission incorporates a free-wheeling
unit at the input drive which provides a disconnect from the engine in case of
a power failure and allows the aircraft to autorotate. The tail rotor is powered
by a takeoff on the lower aft section of the transmission.

Control Systems

5. The flight control system is a positive mechanical type actuated by
conventional helicopter controls. The system includes a cyclic control stick, the
collective pitch (main rotor) control lever, tail rotor (directional) control pedals,
and synchronized elevator connected mechanically to the fore and aft cyclic control
system.

Force Trim

6. Force centering devices are incorporated in the cyclic controls and directional
pedal controls. These devices are installed between the cyclic stick and the hydraulic
servo cylinders, and between the directional control pedals and the hydraulic servo
cylinder. These devices furnish a force gradient to the cyclic stick and directional
control pedals. The force trim can be deactuated by keying the left button on
the top of the cyclic stick or by cycling the force trim ON/OFF switch installed
on the hydraulic control panel to the OFF position. The gradient is accomplished
by springs and magnetic brake rclease assemblies which enable the pilot to trim
the controls as desired.

Cyclic Pitch Control Stick

7. The cyclic pitch control stick operates the longitudinal and lateral control
systems of the aircraft. The synchronized elevator is linked to the fore and aft
cyclic stick movements by means of mechanical linkage and connecting control
tubes. The pilot cyclic stick grip contains the cargo release switch; a trigger-type,
threc-position radio transmitter switch; armament fire control switch; hoist switch;
and the force trim release switch. Desired pilot cyclic control operating friction
can be induced by hand tightening a friction adjuster. The copilot cyclic control
stick is the same as the pilot cyclic control stick, with the exception that the
copilot stick does not have a friction adjuster.

Collective Pitch Control

8. The collective pitch control levers are located to the left of the pilot and
copilot, respectively. Main rotor blade pitch is controlled by this lever. When the
lever is in the full-down position, the main rotor is at minimum pitch. When the
lever is in the full-up position, the main rotor is at maximum pitch. Operating
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a.  Gas producer speed.
b. Compressor inlet air temperature.

¢. Fuel flow.

13. The fuel control is designed to be operated either automatically or in an
emergency mode. In the emergency position, fuel flow is routed around the main
metering valve to the manual (emergency) metering and dump valve assembly. While
in the emergency mode, fuel flow to the engine is controlled by the position of
the manual metering valve which is directly connected to the power control (twist
grip). During the emergency operation, there is no automatic control of fuel flow
during acceleration and deceleration, thus engine exhaust gas temperature (EGT)

and cngine acceleration must be pilot monitored.

BASIC_AIRCRAFT INFORMATION

Airframe Data

Overall length (main rotor fore and aft and tail
rotor horizontal)

Overall width (rotor trailing)

Center line of main rotor to center line of
tail rotor

Center line of main rotor to elevator hinge line

Elevator area (including protected area
of tail boom

Elevator area (both panels)
Elevator airfoil section

Vertical stabilizer area

Vertical stabilizer airfoil section

Vertical stabilizer aerodynamic center

Main Rotor Data

Number of blades

Diameter

N

684.67 in.

114.6 in.

345.9 in.
246.5 in.

23.7 ft2

19.8 ft2

Clark Y (inverted)
11.3 ft2

NACA 0015

FS 443.9,
WL 112.]

48 ft
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Disc area 1,809 ft2
Bladc chord 21 in.
Rotor solidity 0.0464 P
Blade arca (both blades) 84 ft2
Blade airfoil NACA 0012 |
Linear blade twist (root to tip) -10 deg
Hub precone angle 2.75 deg

Mast angle (relative to horizontal reference) S deg forward tilt

Test aircraft control travel:

.

Collective (mcasured at center of grip) 11.0 in. *

Longitudinal cyclic (measured at center .

of grip) 12.9 in.

Lateral cyclic (measured at center of grip) 12.6 in. '

Directional (measure. at center of pedal) 6.9 in. |
Blade travel:

Flapping (any direction) 11 deg

Longitudinal cyclic

Lateral cyclic (rigged 2 deg down, left)

Antitorgue Rotor Data

Number of blades
Diameter

Disc area

Blade chord
Rotor solidity

Blade airfoil

+12 to -12 deg

+9 to -11 deg

2
8.5 ft
56.7 ft2

8.41 in.
0.105
NACA 0015
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Blade twist Zero deg
Blade travel (average):
Full left pedal 18 deg
Full right pedal -10 deg

Gross-Weight/Center-of-Gravity Envelope

Forward cg limit:

Below 8,600 pounds, FS 130.0; linear increasc from 8,600 pounds, FS 130.0,
to FS 134.0 at 9,500 pounds.

Aft cg limit:

Below 8,600 pounds, FS 144.0; linear decrease from 8,600 pounds, FS 144.0,
to FS 143.0 at 9,500 pounds.

Rotor_and Engine Speed Limits (Steady State)

Power on:
Engine rpm 6,400 and 6,600
Roto: rpm 314 and 324
Transient rpm 331

Power off:
Rotor rpm 294 and 339

Temperature and Pressure Limits

Engine oil temperature 93°C
Transmission oil temperature 110°C

Engine oil pressure 25 to 100 psi
Transmission oil pressure 30 to 70 psi
Fuel pressure S to 20 psi

3
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Gear Ratios
Power turbine to cnginc output shaft 3.2105:1
Enginc output shaft to main rotor 20.370:1 +_‘
Enginc output shaft to antitorque rotor 3.990:1
Engine output shaft to antitorque drive system 1.535:1 |
Gas producer turbine to tachometer pad ’
(100% = 25, 150 rpm) 5.988:1
Engine and Drive Train Limits
Power ratings:
Military power (30-minute limit) 1,400 shp ;
derated to -
* 1,100 shp '
Maximum continuous power 1,250 shp
* derated to
1,100 shp )
Torque limits:
Maximum continuous 50 psi
Transient overtorque
(not to be used intentionally)
{no maintenance required) 50 to 54 psi
Transient overtorque
(inspect drive train) 54 to 61 psi
Transient overtorque
(replace all drive train and rotor
components) Over 61 psi
Output shaft speed: |
Maximum steady state 6,600 rpm
Minimum steady state 6,400 rpm
Minimum steady state below 7,500 pounds 6,000 rpm
Maximum transient (not to be used intentionally) 6,750 rpm ‘
3 #
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Exhaust Gas Temperature

Maximum continuous

30-minute limit

S-sccond limit for starting and acceleration
Maximum for starting and acceleration
Gas Producer

Maximum speed

Flight idle speed

Ground idle/start speed

Airframe

Loading:
Design weight
Maximum overload weight
Maximum floor loading
Maximum cargo hook capacity

Maximum lateral cg

Limit load factors:

Positive 6,600 1b
9,500 Ib

Negative 6,600 1b
9,500 1b

390°C to 625°C
625°C to 645°C
675°C
760°C

25,600 rpm
(101.8 percent)

15,900 to

17,000 rpm

(63 to 68 percent)
12,100 to

13,100 rpm
(48 to 52 percent)

6,600 Ib
9,500 Ib
300 1b/ft?
4,000 Ib

Consult report for
recommendations

+3.0g's
+2.1g's

-0.5¢
-0.35g

y




FRDES P

TP

Maximum airspeed:

Forward flight

Sideward and rcarward flight

124.0 KTAS
at 2,000 ft

Consult report for
recommendations

—
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APPENDIX D. TEST TECHNIQUES AND DATA REDUCTION PROCEDURES

INTRODUCTION

Nondimensional Method

1.  The helicopter performance results may bc generalized through use of
nondimensional coefficients. The test results obtained at specific test conditions
may be used to accurately define performance at conditions not specifically tested.
The following nondimensional coefficients were used to generalize test resu'ts
obtained during this test program:

Power Cofficient = ¢, = 220 SH2 )
oA (QR)

Thrust Coefficient = Cj = ——M3 (2)

pA (fR)

1.689 VT

Tip-Speed Ratio = y = e (3)

Main Rotor Advancing Tip Mach Number = Mtip
1.689 VT + QR
= (4)

a

2. Correlation of handling qualitics was accomplished by summarizing the
quantitative data as a function of main rotor thrust coefficient (CT). Each individual
handling qualities test flight was flown at a constant CT. A constant CT was
maintained by either increasing altitude as fuel was consumed (for flights conducted
at altitude) or adding ballast to the aircraft as fuel was consumed (for flights
conducted 1GE).

Instrumentation
3. Allinstrumentation was calibrated prior to commencing the test program. All
quantitative data obtained during this flight test program were derived from special

scnsitive instrumentation. A list of the instrumentation is given in appendix E.
Data were obtained from three aircraft sources and three ground sources. The

k)|
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aircraft sources were the engineer test pancl, the copilot pancl, and the pilot pancl.
All data from the aircraft were transmitted by radio and were hand recorded on
thc ground. A hand-hcld tape recorder was carried in the aircraft as a backup
system in the cvent of radio maifunction. The ground support sources were a load
cell (used for hover tests), a ground weather station (used for hover and all IGE
handling qualities tests), and a calibrated pace vehicle (used for all IGE handling
qualities tests).

Weight and Balance

4. The test aircraft was weighed prior to the installation of test instrumentation
and was rewcighed twice after test instrumentation was installed with the aircraft
battery located in two positions: FS 5.0 (forward) and FS 233.0 (aft). The fuel
load for cach test flight was determined prior to engine start and after engine
shutdown by mcasuring the fucl specific gravity and temperature, and by using
an external calibrated sight gage connected to the fuel cells to determine total
fuel volume. Fuel used in flight was recorded by a calibrated fuel-used system,
and the final fucl-used reading following engine shutdown was cross-checked with
the sight gage readings following each flight. Helicopter loading and cg (both lateral
and longitudinal) were controlled by ballast installed at various locations in the
aircraft,

PERFORMANCE

Antitorque System Performance

5. The performance of the antitorque rotor system in hover and translational
flight was dcfined by mecasuring the paramcters necessary to define tail rotor
horsepower, tail rotor thrust, and dircctional control (pedal) position were
mcasured. Tail rotor thrust was not determined for translational flight conditions.

6. Antitorque system output torque was measured at the output shaft of the
90-degree tail rotor gearbox. This torque was used to determine tail rotor
horsepower by the following equation:

27

SHPpp = TRQrp x Nop X 337500 (5)

TR
7. The nondimensional tail rotor power coefficient was determined by the
following equation:

. ) SHPTR x 550

P . 3
TR PApg Clgg Rpp)

3




Photo A. Tail Rotor Slip-Ring Installation.
3




8.  The tail rotor thrust for hover was determined by first making several
assumptions: (1) All restoring directional moment to maintain stabilized hover was
assumed to be generated by the antitorque system. This assumption neglected to
consider any restoring dircctional moment which could be derived from rotor
downwash and recirculating air flow over the fuselage, tail boom section, and/or
vertical stabilizer; (2) Total power loss, attributed to frictional losses (gears,
bearings, etc.) and power extracted from main transmission to drive accessories
(hydraulic pumps), was assumed to be 5 percent of the cngine output shp. This
assumption was nccessary to determine the horsepower delivered to the main rotor;
and (3) This analysis further assumed that the free air temperature of the air mass
flow passing through the tail rotor was not influenced by the hot gases being emitted
from the engine.

9, The horsepower to the main rotor (MR) was determined by the following
cquation:

SHP = SHPE - SHP R (0.05 x SHP

MR NG T ENG’ (7)

10. The nondimensional power coefficient of the main rotor was determined by
the following equation:

SHP, . x 550
c. =R (8)

MR pA (OR)°
1t. The thrust from the tail rotor in a hover can be determined by the following
equation:

TRQ 550 SHP,
THRUSTTR = ZMR = ZMR (9)
t QMR t

12. Equation 9 was expanded to obtain the nondimensional thrust coefficient of
the tai! rotor:

C. R A (R)?
PMR
c. = (10)

T 2
TR 1y Arg g Rpg)

13. The position of the dircctional control was determined by measuring pedal
position. Full left directional control application resulted in an average tail rotor

40
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blade angle of 18 degrees for the test aircraft. The total directional control (pedal)
displacement (full left to full right) resulted in a 28.6-degree change in tail rotor
blade angle.

14. The nondimensional tail rotor performance and directional control position
were used to determine tail rotor horsepower and directional control margins as
a function of skid height. All antitorque data were obtained simultaneously with
hover and translational filight tests.

Hover

15. The tethered hovering technique was used to define hover performance.
Various lengths of an intermediate cable, between the aircraft and load cell, were
used to control the skid height of the helicopter. One cnd of the intermediate
cable was attached to the helicopter by the cargo hook at FS 138.0, and the
other was attached to the load cell. The load cell, used to measure cable tension,
was sccured to a ground by using a tie-down. For each skid height, the engine
power was varied incrementally from a power that yielded approximately
300 pounds of cable tension to maximum power available. Prior to recording the
data, thc aircraft was stabilized with respect to vertical alignment, power, and
control positions. When the power and cable tension were stabilized, the parameters
nccessary to dcfine gross weight, cable tension, engine shp, and ambient air
conditions were recorded. The cable tension was continuously monitored during
each data point to cnsure that a reasonable static condition was present whilc
all other parameters were recorded. All hovering performance tests were conducted
in less than 2 knots of wind.

16. Hovering data collected in terms of gross weight, shp, and ambient air
conditions were converted to define the relationship between CT and Cp. This
rclationship was unique for cach skid height. Summary hovering performance was
calculated from nondimensional hovering curves by dimensionalizing the curves at
selected ambient conditions.

Level Flight

17. Level flight performance with the FSK installed was defined by measuring
the shp required to maintain level flight as speced was varied. An almost constant
CT was maintained by increasing altitude as fuel was consumed. Only one level
flight pcrformance test was conducted to dctermine the approximate increase in
cquivalent flat plate arca with the FSK installed. The results of the level flight
performance test were converted to nondimensional form. Nondimensional level
flight test results were then compared to the level flight performance data presented
in reference 1, appendix A, to determine the increase in flat plate area. Increase
in cquivalent flat plate arca was calculated by the following equation:

2 AC. A (QR)> 2 AC. A
P P
Af = - - (11)
(VT x 1.689) M
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Power Determination

18. Engine power output, in terms of torque, was determined by measuring the
engine torque effort in the cockpit on gages. The torquemeter system is essentially
a piston (restrained by oil) that senses a pressure which is proportional to the
power output of the engine. The observed engine pressure is converted to torque
(in.-1b) by use of the engine acceptance test data. The results of the acceptance
tests for the engine used during this evaluation are presented in figure I. This plot
was used to ouwain engine output torque. The engine torque range during these
tests was not sufficient to cover the entire operating torque range. Engine
horsepower data obtained during this program correlated very well with previous
test resul:s which employed calibrated T53-L-13 engines.

19. Horsepower transmitted by a rotating shaft may be expressed in the following
manner:

27
SHP 33,000 X NE x TRQ (12)

20. Engine output shaft speed was determined from rotor speed by using the
following:

= (13)
Np = Np x 20.370

21. Substituting equation 13 into equation 12, a convenient equation for
determining output shp can be developed:

2m x 20.383 x TRQ x NR 3

SHP = 33,000 = 3,861 x 10 ~ x TRQ x NR (14)

22. This equation was used during the program to determine the shp for each
test condition.
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HANDLING QUALITIES

Flight Control Sygtems

23. The limits of the cyclic control pattern were measured on the ground with
the rotor in a static position. Hydraulic pressure and electrical power were supplied
by ground support equipment during this test. The cyclic control was rotated
around the boundary every 5 percent of longitudinal or lateral control. The position
of the longitudinal and lateral cyclic control were both read at each S-percent
value.

24. Tail rotor blade angle, as a function of directional control position, was
measured on the ground with the tail rotor in a static position. Hydraulic pressure
and electrical power were again supplied by ground support equipment. The tail
rotor blade angle was determined by measuring the blade angle of ecach blade at
every 5-percent increment of directional control displaceinent. The two measured
blade angle values were then added algebraically and divided by two. The test
was conducted both with the directional control being displaced left to right, and
vice versa, to determine the amount of hysteresis in the control system.

Static Trim_Stability

25. The static trim stability was investigated by trimming the helicopter at various
airspeeds over an airspeed range. While the aircraft was stabilized at each trim
airspeed, all control positions were recorded. Altitude was varied during each test
flight to maintain a constant thrust coefficient for each trim airspeed.

Static Directional Stability and Effective Dihedral

26. The static directional stability and effective dihedral tests were conducted using
the following technique. The helicopter was first stabilized at a trim airspeed with
the ball centered on the turn and bank indicator. The yaw attitude was then varied
and stabilized at different values, whilc the magnetic heading of the flight path
was held constant. All control positions were recorded at each stabilized yaw
attitude angle. Altitude was varied as fuel was consumed during each test to
maintain a constant thrust coefficient.

Translational Flight Evaluation

27. The translational handling qualities were investigated by conducting tests at
various combinations of wind azimuth and airspeed. When the aircraft was stabilized
in translational flight, parameters necessary to determine grouss weight. ambient air
conditions, azimuth, airspeed control positions, and tail rotor horsepower were
recorded. A ground vehicle with a calibrated speedometer was used as a reference
when attempting to stabilize the helicopter at the desired airspeed and azimuth.
Ambient wind velocity and direction were incorporated into the analysis when
determining the airspeed and wind azimuth. Tests were conducted with wind
velocties less than 4 knots. A constant thrust coefficient was maintained for each
test condition by adding ballast as fuel was consumed.
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Sideward and Rearward Flight
28. The test method and parameters recorded during sideward and rcarward flight
were the same as translaiional flight evaluation, with one exception. The azimuth
hcadings investigatced were limited to 90, 180, and 270 degrees. k
Dynamic Stability
29. Dynamic stability characteristics of the UH-1H were tested by using the
following techniques. The aircraft was first trimmed at the desired flight condition |

and airspeed. Gust disturbances were then simulated by making pulse-type control
inputs of | inch for 0.5 to 1.0 second. The control was then returned to trim
at which time all controls were held fixed until the aircraft mnticis aamped out
or rccovery action was required. Qualitative comments werc made during and after
cach pulse-type control input.
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APPENDIX E. TEST INSTRUMENTATION

All instrumentation was calibrated and installed prior to commencing the test
program. All quantitative data obtained during this flight test program were derived
from speci.l sensitive instrumentation and were hand recorded. Data were obtained
from three aircraft sources and three ground support sources, two of which were
used at all times, depending on the type of test involved. The aircraft sources
were the pilot panel, the copilot panel, and the engineer panel. The ground support
sources were a load cell (used for hover tests), a ground weather station (used
for hover and translational flight), and a calibrated pace vehicle (used for
translational flight evaluation). All data from the aircraft were transmitted by radio
and were hand recorded on the ground. A hand-iield tape recorder was carried
in the aircraft as a backup system in the event of radio malfunction. A detailed
tabulation of the instrumentation is given below:

PILOT PANEL PACE VEHICLE

Rotor speed Calibrated fifth wheel

COPILOT PANEL

High torque
Low torque
Altimeter

ENGINEER TEST PANEL

Tail rotor torque

Fuel cc.nter

Longitudinal stick position
Lateral stick position
Dircctional control position
Collective control position

LOAD CELL

Cable tension

GROUND WEATHER

Free air temperature
Altimeter
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Photo 1.

Engineer Test Panel.
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Photo II.  Fuel Flow Meter with By-Pass Valve.




APPENDIX F. TEST DATA
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Static Trim Characteristics e e e
Static Lateral-Directional Stability
Rearward Flight .o

Figure Number

N \O N

27
32

68
74

1
through 8
through 11
through 14

15

16
through 23

24

25

26
through 31

through 66

67
through 73
through 76

77

78 and 79

80




»

— -
P T S — —

-

B e ekt S

RN o

e N

-k




=

—e

I
g

et
=y

- rrrm o —

Rt I st
I

B Shp=s SR smps

12} - T
S ]
i 1. i : i
15 :
i
H 5
:
eie| tudl s
*IER: - + .
t -5 3
SR
. e
; el
. g5t 1
{ : =
= : =)
-ttt g udi e

-




cuihipds

il

s i s

™

1

bya]




il R RE R
i 4 o : ’
il s KoM
FEERREE © ¥ ¥ H
T 1 i 1
TM M.W 1 m
i
R R -
._.| i H ...
| HHHHE R it
1 :
M *
| i E
fil | a4 :
1 i

et =1

BT T

SR o

- 3
A i

s

I ! !

Hilt ' I 4] } i

HiH _ i H :

et _ : 111

HiT ! + T

it U i s et _

H i gii it JH b

- L :_A

i
{

T —

e




i _ T

- ””_ _H_ "N gie] H35s
i ! EEE b

_ FEM A B

I I w _ m ._u"

mg* | 8

e

SR ERE TR B =

[ b




FEEl TLLT [T

D Hmn

CSt b

seladh wadiio el

1
|
|

Py 4
a8

i5e 41

.

oposcefie

. IS S
e s esye e

Seitove vt
I

: $e $e8ess
5503 bobld 285308 04300 0060000440 04

rabas abeodonoes










e el aad

o st

e

s

RS P _.._|_' -

PR S—

T

addl e iacs s

Srveianl-

It

[
: u m
HIE .* HE
L i i i k| 1iX14d
i
i Y L
HHE i T HIHT 3 Fp SRR
L, S iRl
F 3 : it ....mm_. - u.m i
TR H i e
o h it T :
| 1114 11 i 114 F
T Hi TR T
115 1
1 LitIH Lm
] s

v b
1 &
._4_| -
wwd & a
1 -
5
H 11
i
14

Shagaan:
Ceimlagiado

f

e

2l o nd

sad
I

vh
56 S
1]

-

|
1
1.a

= eyt

MRECEA AL WG P
I : :
t )

STt sy v

SR

&

. adl

&
QL




LR it ;
AT IR :
.;m..nn.. HH m
P _m__.m _ w
i “
{5+ bk i !
b LT AL
it H iy i
R tiitiil Hi
| st i i
i THM
. [ R

+ —

cerefpo »poas]
fe b eee byeae

~-it

Cemad em el

®




“ i
i b Bigh
1 1} u
Bpt H FH 9382
i | 4
A TR HE
pth e b I
i it
| iy m
H _ In
— H “ A HE " : m
L i I
L i LitH
i i i
aul 15D | i A
i | i i
I 1 i i e
-t e i
i T it iees
_ ! i i il i TS
r e 3 [ kL ¥ L] bR bRt
Ul b 3 i, il
1 | i iill tHIBT ciftid
- 5l ! e
| | __.u.. _
i
1414
HI L
. i
i ! ..

T

T
o
i e S Py T Ty vy

ey e

i ii i
! i iR B b b
LI R0 i
3 ; ! T
h i s e (hisunoE
i e RESENEEE
b b4 Hh i x4 e i a ..” m ".
_m_:_._._* o ; i 1) )

=N -




-+

I

i1t F m T T
i t u “_ b M i “,_ il
f i | 1t 13
. H T it
it A il A i
_1 i H IHi i r b
: . L , m i i 5
it it | i i
i |

5 S
= T

-
b
T
s

37 IerTiipee i

puaey

TTIT

i
" o
ety
I
v
1
s
= 3
s,
5
y u g
i
T
2
1
“u s

[T ae s ¥y Yo v rey yowe =

| i H 11131 ST FELtERerd Fepgl pes i
sHY SRR R AREE 1YY Hi H !

i T _.__ 1 1

¥ ey it i I i

e
=

B 555 i

=
gor
s
-
Lawe

T T
=
—

) H & ¥ o FEE
el ;- TR L
HH i
.._— M EEEET SRERY sebps
{! EiHi L
[ R . :
_ L Eoer] b £ e ._ ¢
{ HisiHO b T S e ¥
i 14 4 erTE _ : B ’ ]
| LA o 3 |
FEM S TH ey 2 i i h
..r_.u..u. aa "....ull.q ¥ ...“. i z R
Tpies R EErEE I Ik HeE AN BT i -~
[EEE: s EEH] P el U [LTE S 1| _ -
s e e SR I
Jecis . £ _ . k
+ - e - e e 4
AR S S )
i B ' i ! Ft s 1
aliade g L = N - S
AL $ L ' ﬂ i. m *
SN : m : : B i _
W313133805 BImdd 3 o, R N R ;

44}*




AR s

WER

4

b

Aty ROTOR PD




T
ried
112

Y

e

11

i

-

LoD
oo gt
Aralids

b

. e

=

:
128 f ret
23 =
18 ) Tt
s =
[2e.1 i
mt. el
I3 1
L2, Bt i
235 o i
! . 1
3
38 I
. 41

733
3

o

5

T

-~

o o

ecel

vedo-doflecd
P PR

ag e o]

¥

T

s o)

ceedoygees 4o

fente o







b — ——

P (R .:" B

L. :

'_._.|...._4.___._..' £1h

B e et R

e

-

S -




™
M_,_,_, [ P
it il {3 B 1o
SHEETY IR IR
SR o RH
S
e i1 e
F+ Iz
“H... = ”.m
i B
P B {35
l.....‘m...Lu. .

s ] e

BB L
- .T..

|
G ks

5

T

AF i

m1l
i

7

F'
EERRD
THBAALI N

| Y]
P

L

Now Dive
I




|m|l. - == . ..|-.m.| m— g
”I.uu.: = .|.Iw|..|. .m =
] . H rﬁ it
1 I
. 7 3 S ] ]
_ + | i
o i L {
= - it u
i i i M._ i
12 ENE . S Al i
= = .w..._..._
— g h
* . . .
a5 B B - 1
; IR T NN B ;
it e : - I.T =
fpir 1 a
! - 3 B
: il
izt of st ff] -

—




tammaair sicas rmas laas: 33
jiated i
mmmns ham et § e v > .

) - - W<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>