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~ABSTRACT

This report presents the results of tests to determine the per-
formance characteristics of a MARS (Mid Air Retriev-al System) -modified
HH-53C helicopter in the clean loading and with the AQM-34L, AQM-34R and
AQM-91A drones in tow. No unusual handling qualities were noted when
smooth, coordinated flight techniques were used. Hover performance with
the AQM-91A drone in tow was unchanged from that of the clean MARS-modi-
fied HH-53C when hovering in ground effect. Power required to hover out
of ground effect was increased four to six percent by the effects of the
AQM-91A in tow. Level flight performance comparisons between the clean
MARS-configured HH-53C and the same aircraft with each of the drones in
tow revealed a decrease in average maximum nautical air miles per pound
of fuel of approximately 12 percent with the AQM-34L drone, 13 percent
with the AQM-34R drone, and 34 percent with the AQM-91A drone.
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INTRODUCTION

GENERAL

Impetus for the performance testing documented in this report was
provided by a requirement to supply the Strategic Air Command with a
fully qualified system capable of mid-air retrieval of relatively heavy
vehicles. The HH-53C helicopter will provide increased operational
capability over the CH-3E helicopters currently in use. It is equipped
with an 80H series winch from All-American Industries which is an improved
model of existing equipment. Efforts to qualify this retrieval system
include development and testing of the winch itself, a load survey to
determine the effects of retrieving various packages on the dynamic
components of the winch and helicopter, and the definition of the per-
formance characteristics of the H11-53C helicopter with cacI of several
representative drones in tow.

This report covers testing conducted at the Air Force Flight Test
Center, Edwards ArB, California, between 1 November 1972 and 11 August
1973. The test aircraft, HH-53C USAF S/N 67-14993, accumulated 82.4
test hours during 67 test missions. Further programmed hover tests were
cancelled through mutual agreement between the Systems Program Office
and the AFFTC.

TEST AIRCRAFT

The test aircraft was equipped with a Mid-Air Retrieval System (MARS)
that provided the capability to engage and retrieve a variety of objects
descending by parachute. The MARS modification consisted of a Model 8011
constant-tension, energy-absorbing winch (manufactured by All-American
Industries, Inc., Wilmington, Delaware), winch line, winch hydraulic
module, trough, center of gravity roller, fairlead, roller assembly,
control panels, pole mounts, recovery poles, recovery loop assembly, and
breakaway line. The winch, trough and associated equipment were mounted
on a pallet in the cargo compartment near the aircraft cg, and the pole
mount assembly was mounted on a pallet at the aft end of the cargo com-
partment. The winch consisted of a drum that paid out and reeled in the
winch cable until the object was in the stowed position beneath the heli-
copter. Figure 1 depicts a typical level flight configuration with a
drone in tow. The winch was designed to provide controlled line tension
during the payout operation. External modifications to the aircraft con-
sisted of removing the rear cargo ramp and installing a fairlead assembly
on the underside of the aircraft, approximately 37 inches aft of the cargo
hook. Hydraulic power requirements were supplied by the aircraft utility
hydraulic system, which was modified through the addition of three quarts
of hydraulic fluid and a heat exchanger. An emer% ncy cable release
mechanism was incorporated in the modification. It consisted of an
explosive cartridge to sever the winch cable and activation buttons on
the pilot's and copilot's cyclic stick grips, on the winch control panei,
and in the winch trough. Figures 2 through 4 depict the winch installa,-
tion. Further informatio. iegarding the winch installation may be
obtained from the Hh-53C MARS Partial Flight Manual, reference 1.



DRONES

Three test drones were employed during the performance tests. In
order of increasing size, they were: the AQM-34L (figures 5 and 6),
AQM-34R (figures 7 and 8) and AQM-91A (figures 9 and 10). Details of
specific drone dimensions, weights, power plant specifications, and mis-
sions are presently classified and not included in this report. Level
flight tests were accomplished with a six-foot diameter stabilization
chute attached to the drone. A stabilization cnute was not used during
hover t(sts with the drones in tow. The clean loading referred to in this
report z-onsisted of the basic MARS-modified IIH-53C with the rear cargo
ramp removed and winch installed, ill tests with a drone in tow were
conducted with the drone ir the stowed position. For the purposes of
this report, "in tow" and "in the stowed position" are synonymous.

. . ..

0Figure 1 Typical Level Flight Configuration
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Figure 2 MARS Modification
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Figure 3 MARS Modification
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Figure 4 MARS Modification
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Figure 5 AQM-34L Front View
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Figure 6 AQM-34L Side View
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Figure 7 AfIM-34R Front V'ew
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Figure 8 AQM-34R Side View



Figure 9 AQM-91A Front View

Figure 10 AQM-91A Side View
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TEST AND EVALUATION

FLYING QUALITIES AND HANDLING TECHNIQUES

General

Airlift, including takeoff, climb, level flight and docking, of all
drones tested presented no abnormal problems when smooth, coordina'ed
flight techniques were employed. Abrupt or rapid attitude changes pro-
duced drone lateral and longitudinal oscillations during level flight.
Oscillations caused by pilot technique or external disturbances were
effectively damped by maintaining a stable aircraft attitude and/or
reducing airspeed. A high-frequency vibration was induced in the cockpit
and airframe when towing drones at conditions of high airspeed, power, and
rotor speed. Decreasing airspeed or rotor speed eliminated these ob.ection-
able vibrations. These vibrations were not present during the clean load-
ing tests, which were conducted without the winch installed.

The automatic flight control system (AFCS) pitch attitude hold func-
tion has a limited range of authority. A CG TRIM control is provided to
reposition the range of AFCS authority and thus ensure that the AFCS 1,s
maximum authority regardless of any necessary cyclic stick movements.
Throughout testing with the AQM-34L and AQM-34R drones in tow, it was
noted that during flight at high airspeeds (above 110 KIAS) CG TRIm djust-
ments were necessary to retain AFCS pitch hold capability. The foll v-
ing NOTE should be included in the Partial Flight Manual for MARS-Ccn-
fiqured H1-53C helicopters: (RI)1

NOTE

When towing drones at high airspeeds Obove
110 KIAS) CG TRIM adjustments will be neces-

osary to retain AFCS pitch attitude hold
capability.

Both the AQ,.1-34L and AQM-91A drones were successfully towed without
stabilization chutes. However, under these conditions, drone oscilla-
tions were more easily induced by the pilot or outside disturbances and
were slower to subside after corrective action had been initiated. Thlen
available, stabilization chutes should be employed for drone towing. (R2)

Takeoff

All drones tested were airlifted from a ground position. Takeoft:
were accomplished with minimum time spent in the hover and a smooth,
gradual increase in airspeed and altitude. This technique minimized drone
oscillations and subsequent fouling of the AQM-34L and AQM-34R stabiliza-
tion chutes. The AQM-91A was equipped with a stabilization chute that
could be deployed in flight from within the helicopter cargo section.
The chute was most effectively deployed after sufficient forward airspeed
had been attained to allow the drone to become approximately aligned with

IBol~dace numerals preceded by an R correspond to the recommendation numbers tabulated in the
Conclusions and Recommendations section of this report.
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the flight path. A substantial charge of static electricity quickly built
up on the drone, making it necessary to use a grounding device between the
chute deployment ring on the riser holding the drone and the aircraft
frame. The AQM-34R and AQM-34L drone stabilization chutes were e tended
behind the drone and ballasted to prevent inflation and fouling prior
to lift-off. Fouling of the chute immediately after takeoff was minimized
by aligning the drone and chute with the intended aircraft takeoff direc-
tion. Once the stabilization chute was properly deployed, the increasing
airspeed resulted in the Orone aligning with the helicopter and drone
oscillations quickly subsiding.

Level Flight

Level flight with the AQM-34L drone was airspeed-limited by maximum
collective pitch, turbine inlet temperature, and pilot comfort. Above
approximately 120 KIAS, the AQM-34R drone tended to oscillate both longi-
tudinally and laterally. This tendency to oscillate became the limiting
factor on forward airspeed with the AQM-34R drone in tow. Under conditions
of high forward airspeed and high rotor speed (bove 103 percent) a strong
high-frequency vibration occurred in the cockpit and airframe. The vibra-
tion was eliminated by reducing airspeed and rotor speed. The winch brake
was able to hold the loads induced by the drones during all testing with
the AQM-34L and AQM-34R drones.

When towing the AQM-91A drone, forward airspeed was limited by the
winch cable load, which exceeded the ability of the winch brake to hold
the drone in the stowed position. The airspeed at which uncommanded reel-
out occurred varied with winch brake condition, aircraft power applied
(rotor wash effects), and flight attitude of the drone (drag effects).
Level flight conditions at which uncommanded reel-out occurred varied
from 70 KIAS and 6,600 pounds cable tension to 77 KIAS and 8,500 pounds
cable tension. Uncommanded reel-out usually occurred when winch cable
tension reached approximately 8,500 pounds. During climbs this 8,500-pound
cable tension occurred at lower airspeeds, dependent on power setting.
When operating at high rotor speeds and high forard airspeeds with the
AQM-91A drone in tow, the high-frequency vibration in the cockpit and
airframe was noted again.

Turns and Descents

Th A ircraft was maneuvered in level flight with each of the three
drones in tow throughout the attainable airspeed envelopes with as much
as 30 degrees of aircraft bank angle. Flight at rates of descent up tk
1,500 feet per minutu was also accomplished with each drone. No abnornmil

tflight characteristics were noted when smooth, coordinated flight tech
niques were used.

Approach and Landing

Final approaches were executed shallower than nornl, with a gradual
decrease in airspeed to minimize attitude changes Just prior to establish-
ing a hover. Because the drones were suspended well below the aircraft
(18 to 23 feet), a high hover was established at 40 to 50 feet above ground.
Setting the radar altimeter to 50 feet was a useful pilot cue. After
decelerating to below translational lift speed, all three drones began
oscillating, particularly in yaw. Once the hover had been stabilized,

12



the aircraft was lowered at a constant, moderate rate until the drone
was firmly on the ground. This minimized the probability of damage to
the drone wing tips caused by drone roll oscillations.

Emergency Cable Release

An emergency cable cutter was incorporated in the MARS winch package.
The device was an explosive cartridge electrically activated by a button
on both the pilot's and copilot's cyclic control sticks. Figure 11 shows
the cyclic control stick grip and the location of the cable release button.
This release button is in the same position as the trim release button on
H-1 series helicopters. Pilots who have flown 11-1 series helicopters may
have a tendency to press the cable release button while intending to re-
lease the cyclic trim. One such inadvertent cable release occurred during
the performance tests. Fortunately, the drone was on the ground at the
time. However, the potential for a more serious consequence exists. If
possible, the cyclic stick cable release button should be moved to another
location on the cyclic stick. If this is impractical, the cable release
button should have a guard installed to prevent inadvertent cable release.
(R 3)

CABLE RELEASE

BUTTON7

TRIM RELEASE
BUTTON,,

Figure 11 Cyclic Slick Grip
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PERFORMANCE

Pitot-Static System Calibration

The position error of the standard pitot-static system was deter-
mined in level flight by the ground speed course method and in a descent
using a trailing "bomb" (pitot-static source). The results of these tests
are presented in figure 3, appendix I.

The airspeed position error during level flight agreed with previous

airspeed calibrations accomplished on an HH-53B helicopter with engine air
particle separators (EAPS) installed (reference 2). The HH-53B and HH-53C
helicopters were considered identical for the purposes of this airspeed
calibration. The Flight Manual did not contain airspeed calibration data
with the engine air particle separators installed.

The standard airspeed system was also calibrated during descents for
a rate of descent of approximately 1,000 feet per minute. The intent was
to simulate conditions present during an approach to an engagement chute
for a typical MARS recovery. The standard system was compared to a
calibrated pitot-static source trailing from a cable attached to the rear
of the cargo ramp. Results of this test are also presented in figure 3,
appendix I.

The level flight airspeed calibration was repeated with the AQM-91A
drone in tow for airspeeds up to approximately 70 KIAS. No significant
differeLces were noted between the basic MARS-configured aircraft and the
aircraft with the AQM-91A drone in tow. Results of this test are also
presented in figure 3, appendix I.

Hover Performance

Hovering performance data were obtained during tethered and free-
flight hover at an approximate pressure altitude of 2,200 feet for wheel
heights of 30, 50, and 100 feet in less than three knots of wind. Two
aircraft loadings were tested; the basic MARS-configured aircraft, and

. the basic aircraft with the AQM-91A drone in tow. T2he hovering performance
data are presented in non-dimensional form in figures 7 through 12, appen-
dix I. Tables I and II, appendix I, present a summary of hover test condi-
tions.

The power required to hover data from these tests with the clean
loading were compared to previously acquired data presented in references
5 and 6. The data from these tests agreed within three percent (lower)
of the data in the above-mentioned references.

Power required to hover was compared for the loadings tested. During
in-ground effect (IGE) hover (30 and 50-foot wheel heights) the clean air-
craft and the aircraft with drone in tow exhibited no significant dif-
ferences in power required for a given gross weight and referred rotor
speed. During out-ot-ground effect (OGE) hover (100-foot wheel height),
aerodynamic loads on the AQM-91A drone caused an increase in power required
of approximately five units of power coefficient (Cp) over the power re-
quired by the clean aircraft. This corresponds to an increase in power
required to hover varying from four to six percent, depending on specific
flight conditions. Effects of the aerodynamic loads on the drone on power

14



required to hover are presented in figures 4 through 6, appendiA I. A
more detailed analysis of these three comparison plots is presented in the
Hover section of appendix I of this report. If the AQM-91A drone is
expected to become an operational vehicle, the following NOTE should be
added to the Flight Manual for MAPS-modified HH-53C helicopters: (R4)

NOTE

When hovering in ground effect with the AQM-
91A drone in tow, power required to hover
will be unchanged from that of the clean MARS-
modified HH-53C helicopter. However, when
hovering out of ground effect with the AQM-91A
drone in tow, power required to hover will be
increased approximately six percent over that
of the clean MARS-modified HH-53C helicopter.

Additional planned hover tests with the AQM-34L and AQM-34R drones
in tow were cancelled due to persistent adverse weather conditions and
non-availability of the test aircraft. Based on results of the hover
tests conducted with the AQM-91A drone in tow, it appears that the AQM-34L
and AQM-34R drones will also have no significant effect on power required
to hover in ground effect and that power required to hover out of ground
effect will be increased a maximum of five percent over the power required
in the clean loading.

Level FlIght Performance

Level flight performance tests were conducted to determine power
required and specific range (nautical air miles per pound of fuel, NAMPP)
for various gross weights, altitudes and rotor speeds. The tests were
conducted with controlled advancing blade tip Mach numbers in order to
define compressibility effects on power required. Tests were conducted
with the following four loadings: basic MARS-configured aircraft, with
the AQM-34L drone in tow, with the AQM-34R drone in tow, and with the
AQM-91A drone in tow. Results of these tests are presented in figures
13 through 40, appendix I, figures 41 through 62, appendix I, figures 63
through 82, appendix I, and figures 83 through 107, appendix I, respectively.

A comparison of the test re-.sults from each loading was made using
the basic MARS-modified 1III-53C data in this report as the standard for com-
parison. Aerodynamic effects of the AQM-34L drone reduced the average
maximum test NAMPP by approximately 12 percent. The effects of the AQM-
34R drone resulted in a decrease in average maximum NAMPP of approximately
13 percent, while the AQM-91A drone reduced the average maximum NAM11P
by approximately 34 p( -nt. TI. , vel flight performance data contained
in this report should be includk-d in t-he Partial Flight Manual for MARS-
modified HH-53C helicopters. (R5)

of

It was noted during testing with th, AQM-91A drone in to\, that the
maximum airspeed attainable (limited by t. ability of the winch brake
to hold the load or. the winch cable) was usually below the airspeed at
which maximum NAMPP would be obtained. As airspeed was increased, the
rate of increase of aerodynamic loads on the AQM-91A drone was more rapid
than that observed with the smaller drones. This was apparently a result
of the nosedown flight attitude of the droro as it hung in the support
risers. If the AQM-91A, or similar drone are to be towed, consideration

15



should be qiven to reducing the drone nosedown flight attitude, thus reduc-ing the rate of load increase on the winch cable as airspeed is increased.

This should allow higher airspeeds during towing and should increase the
maximum NAMPP attainable for most flig h conditions. (R,,

Winch cable loads with a drone in tow were not limiting factors with
the AQM-34L and AQM-34R drones. Forward airspeed with the AQM-34L drone
in tow was limited by full up collective control or by maximum allowable
turbine inlet temperature. Forward airspeed with the AQM-34R drone in
tow was limited by the tendency of the drone to oscillate at high forward
speeds (above 120 KIAS). Tables III through VI, appendix I, present a
listing of level flight conditions tested during this program.

Engine Characteristics

The engines utilized during the test program were not specially
calibr-ted and had a limited amount of special instrumentation. Fuel
flow, gas generator speed, power turbine speed, and engine output torque
wi-re the only parameters recorded.

Engine parameters were referred to ambient conditions and plotted
in the form of referred shaft horsepower versus referred gas generator
skeed and referred fuel flow versus referred gas generator speed. These
re-ults are presented in figures 108 through 111, appendix I. In addition,
these data were used to construct a plot of referred shaft horsepower
versus referred fuel flow for each engine. These plots, presented in
figures 112 and 113, appendix I, were used to compare the test engines
with the T64-GE-7 engine specification (reference 3). Fairings derived
from this specification are also presented on figures 112 and 113, appen-
dix I. The results of the comparison indicated that the test engines'
shaft horsepower - fuel flow characteristics were representative of the
T64-GE-7 engines.

0
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CONCLUSIONS AND
RECOMMENDATIONS

Drone airlift, including takeoff, climb, level flight, descent, and
docking, presented no abnormal problems when smooth, coordinated flight
techniques were employed. Drone oscillations during level flight were
effectively damped by maintaining a stable aircraft attitude and/or re-
ducing airspeed. When hovering with the AQM-91A drone in tow, power
required to hover in ground effect did not change from the power required
with the clean loading, but power required to hover out of ground effect
was increased four to six percent above power required for the clean
loading. Using the MARS-configured HH-53C as a standard, the presence
of the drones in tow produced the following approximate decreases in
average maximum NAMPP: AQM-34L - 12 percent; AQM-34R - 13 percent;
AQM-91A - 34 percent.

A high-frequency vibration was induced in the cockpit and airframe
when towing drones at conditions of high airspeed, power, and rotor speed.
These objectionable vibrations were eliminated by decreasing airspeed or
rotor speed. The vibrations appeared to be the result of drone/winch/
airframe interactions.

Throughout the testing, it was necessary to make CG TRIM adjustments
at high Qispeeds (above 110 KIAS) to retain the automatic flight control
system (AFCS) pitsh attitude hold function.

1. The following NOTE should be added to the Flight Manual for MARS-
configured HH-53C helicopters (pagell):

NOTE
When towing drones at high airspeeds (above
110 KIAS), CG TRIM adjustments will be neces-
sary to retain the &FCS pitch attitude hold
capability.

While both the AQM-34L and AQM-34R drones were successfully towed
without stabilization chutes, drone oscillations under these conditions
were easily induced and slow to subside after corrective action.

2. When available, a stabilization chute should be employed for drone
towing (pagell)

Takeoffs with a drone in tow were best accomplished by spending a
nminimum amount of time in a hovei and effecting a smooth, gradual increase
in airspeed and altitude.

An inadvertent release of the winch cable focused attention on the
fact that the cyclic stick emergency cable cutter button was located in
the same position as the cyclic trim stick release button on H-1 series
helicopters.

3. If possible, the emergency cable release button should be moved to
another location on the cyclic stick. If this is impractical, the
emergency cable release button should have a guard installed to pre-
vent inadvertent cable release (page 13 ).



The position error of the standard pitot-static system agreed with
previously acquired data (reference 2). No significant differences were
noted between the basic MARS-modified HH-53C and the HH-53C with the
AQM-91A drone in tow.

The power required to hover data from the tests with the clean load-
ing agreed within three percent (lower) of previously acquired data pre-
sented in references 5 and 6.

The presence of the AQM-91A drone in tow did not appreciably affect
power required for hover in ground effect, but increased power required
to hover out of ground effect approximately four to six percent.

4. If the AQM-91A drone is expected to become an operational vehicle,
the following NOTE should be added to the Flight Manual for MARS-
modified HH-53C helicopters (page 15):

NOTE

When hovering in ground effect with the
AQM-91A drone in tow, power required will
be unchanged from the clean MARS-modified
HlI-53C helicopter. However, when hovering
out of ground effect with the AQM-91A drone
in tow, power required to hover will be in-
creased approxiately six percent over the
clean MARS-modified 1H-53C helicopter.

Based on results of the hover tests with the AQM-91A drone in tow,
it appears that the AQM-34L and AQM-34R dr. .es will also have no signifi-
cant effect on power required to hover in ground effect, and that power
required to hover out of ground effect will be increased a maximum of
five percent over the power required in the clean loading.

The level flight performance data contained in this report are
representative of a MARS-modified |HH-53C helicopter with an AQM-34L,
and AQM-34R, or an AQM-91A drone in tow.

5. The level flight performance data included in this report should be
included in the Partial Flight Manual for MARS-modified II1-53C heli-
copters (page 15)

The nosedown flight attitude of the AQM-91A drone caused a rapid
increase in winch load as airspeed increased and limited the maximum
attainable airs'-eed and NAMPP below what could be expected.

6. If the AQM-91A, or similar drones, are co be towed, consideration
should be given to reducing the drone nosedowr flight attitude,
thus reducing the rate of load increase on the winch cable as air-
speed is increased. This should allow higher airspeeds during towing
and should increase the maximum NAMPP available for most flight con-
ditions (page 16)

Winch cable loads were not a limiting factor when towing the AQM-34L
and AQM-34R drones. Maximum attainable forward airspeed while towing
the. AQM-34L drone was limited by full up collective control, maximum

18



6turbine inlet temperature, or pilot comfort. Maximum attainable forward
airspeed with the AQM-34R drone in tow was limited by the tendency of the
drone to oscillate at high forward airspeeds (above 120 KIAS).

APPENDIX I
TEST TECHNIQUES,
DATA ANALYSIS METHODS,
AND TEST DATA

GENERAL

Dimensional analysis of the major factors affecting helicopter per-
formance yielded the variables used to present performance data. These
dimensionless variables are as follows:

SHP x550 =H] Kf 1
pA (R) 3  2 Laa N//Va

C GW K W 1 2

= pA (1R) = 1%LIE

Vt + 0.592 (SR) [;R
M =K U1+ ~TIP 38.967/T 3a

R K4

Notes:

1. Constants K1 through K4 are related to specific rotor systems and
are as follows for the HH-53C:

K1 = 12,211.87223/(R)4 = 0.0071705

5K2 = 64,138,149/(R) 1.0425

K3 = 0.00009373 (R) = 0.00338599

K4 = 9.5492857/(R) = 0.26434 (for Vc in knots)

2. For the test airspeeds encountered, it was assumed that Vc = Ve - Vt,
i.e., AVc (compressibility correction to calibrated airspeed) = 0.
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PITOT-STATIC SYSTEM CALIBRATION

Tests were conducted to determine the position error of the standard
pitot-static system. The ground speed course method was used for level
flight tests of the basic MARS-modified HH-53C (clean loading) and with
the AQM-91A drone in tow. The standard pitot-static system was also
calibrated during descents at approximately 1,000 feet per minute rate of
descent for the clean loading. A trailing bomb (calibrated pitot-static
source) was trailed behind the aircraft on a 50-foot cable attached to
the aft end of the cargo compartment. The trailing bomb was used as a
calibration standard, against which the standard pitot-static system was
calibrated. Results of the airspeed calibration tests are presented in
figure 3, appendix I.

HOVER

Hover tests were conducted using aim referred rotor speeds (NR/ a)
of 175, 185, and 195 rpm. This technique required that rotor speed be
varied with ambient temperature to maintain a constant main rotor blade
tip Mach number. All hover tests were conducted in less than three knots
of wind.

Hover tests with the clean aircraft were conducted at wheel heights
of 30, 50 and 100 feet. The primary test technique was tethered hover.
Several test conditions were repeated using the free flight hover test
technique; data acquired by the two techniques showed excellent agreement.

During the tethered hover tests, the helicopter was tethered to the
ground with a cable and load cell. Using this equipment, a large range
of thrust coefficients could be obtained by varying the rotor thrust
to provide a range of cable tensions (as read from the load cell) to
simulate increases in vehicle gross weight. This vehicle gross weight
was computed as helicopter gross weight plus cable weight, load cell
weight, and cable tension. Results of the clean aircraft hover tests are
presented in figures 7 through 9, appendix I.

Hover tests with the AQM-91A drone in the stowed position (approxi-
mately 23 feet below the helicopter) were conducted using the free-
flight hover test technique. Lead ballast was used to vary aircraftgross weight.

Free-flight hover tests were conducted using a "hover pole" to

position the helicopter at a specific height, stationary over a point
on the ground. This hover pole consists of two concentric tubes, a gim-
bal mount, a reference plate, a sighting fence, bungee cord, connecting
cable, mounting bracket, and an anchor weight. The hover pole arrangement
is depicted in figure 1, this appendix. The center tube is restrained
by a bungee cord and a physical stop, but is free to move up and down
(within limits) within the outer tube. This outer tube is mounted to
the gimbal assembly which allows both tubes to tilt in all directions.
The outer gimbal mount is rigidly attached to a bracket which, in turn
was mounted to a support bracket on the aircraft's refueling probe. The
reference plate and sighting fence are mounted to the uuter tube. A cable
is attaLhed to the lower end of the inner tube and to the anchor weight
on the ground.
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As the helicopter established a hover near the intended height,
tension on the cable (provided by the anchor) caused the center tube to
be fixed vertically. As the helicopter moved vertically, the outer tube
and the remainder of the assembly moved up and down with respect to the
inner tube. As the pilot viewed the center tube, his task was to align
the sighting fence with a predetermined mark on the center pole. This
established the correct height above ground. The gimbal suspension allowed
the poles and the reference plate to tilt when the hover pole was not
directly over the inchor. The pilot would "fly" the plate to a level
attitude, thus assuring himself that he was over the intended point and
was not drifting.

During the hover tests with the AQM-91A drone in tow, a stabilization
chute was not used. A restraining line, attached to the aft end of the
drone and manipulated by ground personnel, was used to prevent the drone
from rotating beneath the helicopter (figure 2, this appendix). Results
of the hover tests with the AQM-91A drone in tow are presented in figures
10 through 12, appendix I.

During OGE hover tests, aerodynamic loads acting on the drone in-
creased the winch cable load above the static gross weight of the drone.
This resulted in a higher power required to hover than was predicted from
data from tests using the clean loading at a gross weight equal to the
static weight of the drone and helicopter. Since the data presented in
figures 10 through 12, appendix I, were computed using the "effective
weight" of the drone (including drone aerodynamic loads and equal to
winch cable load), the fairings on these plots are identical with the
fairings through the data for the clean loading (figures 7 through 9,
appendix I). This is to be expected when using a nondimensional analysis;
if there were no interference effects with the rotors, a change in CT
(caused by aerodynamic loads on the drone) would require a compensating
change in Cp to maintain the hover.

In order to isolate the effects of aerodynamic loads on the drone,
figures 4 through 6, appendix I, were constructed. Thrust coefficient
(CT) was computed in two ways on this plot. The tailed symbols represent
thrust coefficients computed using the helicopter gross weight plus drone
weight. The untailed symbols represent thrust coefficients computed using
helicopter gross weight, drone weight, and aerodynamic loads on the drone.
These last two items were equal to wincf-able load. The difference in
CT between the two fairings at a given referred rotor speed was caused
by the net aerodynamic loads on the drone. Table I, appendix I, presents
the conditions in which tze clean 1oading was tested, while table II,
appendix I, lists the conditions in which the helicopter with the AQM-91A
drone in tow was tested.

LEVEL FLIGHT

Level flight performance tests were conducted to determine power
required, range, and compressibility effects for the MARS-configured 1ii-
53C and to determine the changes in these parameters caused by towing
the AQM-34L, AQM-34R, and AQM-91A drones. All level flights tests with
a drone in tow were conducted with a 6-foot diameter, ribless guide
chute attached to the drone and trailing approximately 12 feet behind the
drone.
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Level flight tests with the clean loading were conducted at predeter-
mined values of CT and referred rotor speed (NR//ea ) by maintaining a
constant ratio of referred gross weight (GW/6a). This required increasing
pressure altitude as fuel was consumed and adjusting the rotor speed as
ambient temperature varied. The indicated mbient temperature data were
corrected for adiabatic temperature rise created by the aircraft's forward
velocity. The test conditions flown are presented in table III, appendix
I, for the clean loading.

The level flight data were converted to nondimensional terms and
plotted as Cp versus P for constant CT and referred rotor speed. These
plots are presented in figures 25 through 40, appendix I. Data from these
plots were used to construct plots of Cp versus CT at a constant p with
lines of constant referred rotor speed (figures 18 through 24, appendix I).
Two additional plots were constructed as an aid in analyzing the power
requirements; Cp versus NR//a at a constant rotor advance ratio (w) with
lines of varying CT, and Cp versus NR/V'a at a constant CT with lines of
varying p. These latter two sets of plots were used to help generate the
summary or "carpet" plots presented in figures 13 through 17, appendix I.
The fairings for power required on figures 25 through 40, appendix I, can
be derived from these carpet plots.

Level flight performance tests with the AQM-34L drone were conductedand analyzed in the same manner as with the clean loading. Results of

these tests are presente14 in individual flight plots (figures 52 through
62, appendix I), summary plots (figures 46 through 51, appendix I) and
"carpet" plots (figures 41 through 45, appendix I) . Average values of
CT for the level flight performance tests with the AQM-34L drone in tow
were computed using helicopter gross weight and drone weight. This is
equivalent to the CT computed with no knowledge of the variation of the
aerodynamic load on the drone with airspeed. Computing CT in this manner
makes it possible to use the summary and carpet plots (figures 46 through
51, appendix I, and figures 41 through 45, appendix I, respectively) to
determine actual power required knowing only aircraft gross weight, drone
weighL, and the proposed flight conditions (airspeed, altitude, outside
air temperature, and rotor speed). The aerodynamic loads on the drone
are presented [(cable load minus drone weight) versus ,] on the individual
flight plots. This makes it possible to compute the actual CT (including
drone aerodynamic loads) which produced the power required for a given
test condition. Level flight performance data with the AQM-34R and AQM-91A
drones in tow are presented in the same manner as described above for data
with the AQM-34L drone in tow. Individual flight data plots with the
AQM-34R drone in tow are presented in figures 73 through 82, appendix I;
the summary plots in figures 68 through 72, appendix I; the "carpet" plots
in figures 63 through 67, appendix I. Individual flight data plots with
the AQM-91A drone in tow are presented in figures 93 through 107, appendix
I; the summary plots in figures 88 through 92, appendix I; and the "carpet"
plots in figures 83 through 87, appendix I. Summaries of level flight test
conditions with drones in tow are presented in tables IV, V and VI, appen-
dix I, for the AQM-34L, AQM-34R and AQM-91A drones, respectively.

Due to the arrangement of the harness supporting each drone, the
"stowed" position of the AQM-34L and AQM-34R drones was approximately
18 feet below the helicopter, while the "stowed" position of the AQM-91A
drone was approximately 23 feet belcr: the helicopter.
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Specific range (NAMPP) was computed using the following equation:

NAMPP -
Wft

where

Vtt = test day true airspeed in knots

Wft = test day fuel flow in lb/hr

Fairings for the NAMPP data were computed using the equation above,

where Wft was obtained from referred fuel flow (Wf/6a-f a) and referred

shaft horsepower presented in figures 112 and 113, appendix I.

POWER DETERMINATION

The HH-53C uses an electronic torque monitoring system to measure
the torque applied by each engine to the main transmission. The torque
sensing system is located at the input from each engine section to the
nose gear box. The system was designed to measure the "twist" of the
shaft connecting the engine and nose gearbox.

The shaft assembly consists of a central power-transmitting shaft
and an outer, concentric sleeve which is attached to the shaft only at
the driven end. At the "free" end, the sleeve is free to rotate with
respect to the shaft. At this end of the sleeve, and integral with it,
is a multi-tooth wheel. Next to it, and integral with the power-trans-
mitting shaft, is another wheel having the same number of teeth. The
teeth of the two shafts were machined to be axially aligned at zero torque.
As torque is applied to the shaft, the shaft twists proportionately; the
relative axial alignment of the two sets of teeth changes proportionately
with applied torque.

The torque pickup is mcunted on the shaft housing and consists of

a dual, variable-reluctance generator assembly and a temperature-sensitive
resistance (thermistor). One generator is positioned over the sleeve
wheel, and the other is positioned over the shaft wheel. As the shaft
and sleeve teeth and slots rotate past the generator poles, the magnetic
flux alternately accumulates and decays, generating two alternating voltages.
The phase difference between the two alternating voltages delends upon
the axial alignment of the two sets of teeth and the alignment of the
poles of the generator assemblies. The frequency of the alte.cnating
voltages is directly proportional to power turbine speed and to the number
of teeth on each wheel. Therefore, since axial alignment of the teeth
changes proportionately with shaft torque, the phase difference between
the two voltages changes proportionately with applied torque. Since
shaft modulus varies with temperature, the proportionality constant (change
in phase difference per unit of torque) also varies with temperature. The
thermistor provides a resistance which varies with pickup temperature.
When properly related to shaft temperature, the thermistor provides a
means to make corrections in the rate-of-change of phase difference versus
torque as temperature changes. Each shaft was calibrated on a static
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torquing fixture to determine its torsional spring rate. When properly
converted to electrical parameters, this torsional spring rate is used
in calculating standard inputs during the torque system (electrical) cali-
brations. A torque reading of 100 percent corresponded to 3,200 shaft
horsepower at 100 percent rotor speed (184.7 rpm). Test shaft horsepower
was determined from inflight torquemeter readings and rotor speed using
the following equation:

(1,235) (% torque , % rotor rpm)
SHP 100 (13,600) 100

Engine 5,252

ENGINE CHARACTERISTICS

The absence of engine inlet instrumentation made it necessary to
generalize output shaft horsepower, fuel flow, and gas generator turbine
speed according to the following relationships:

0 N
SHP versus ---i

a a a

Wf N
versus q

a a a
SlIP Wf

versus --

a a a a

The engine characteristics data are presented in figures 108 through 113,
appendix I. A comparison was made between the T64-GE-7 engine specifica-
tion (reference 3) and the engines installed in the test aircraft. Fair-
ings of specification predicted engine performance are presented in
figures 112 and 113, appendix I.

Table I

SUMMARY OF HOVER TEST CONDITIONS

(Clean)

N ,'a  177.5 rpm NR/Ia= 188.5 rpm NR/V;-a 197.5 rpm

Wheel Pressure Free Air Pressure Free Air Pressure Free Air
Height AltitudeI Temperature Altitude Temperature Altitude Temperature
(ft) (ft( dee C) (ft) I (de C) (ft) (dec C)

30 2,270 13.5 2,175 5.0 2,170 5.0

50 2,305 14.5 2,200 5.0 2,205 5.0

- - - - - - 1,965 -4.5 1,970 -4.0

- - - 2,0-0 5.0 2,050 4.0

100 2,340 15.5 1,950 0.0 1,940 -1.0
- - - 2,025 -4.5 2,040 -4.5

- - - 2,150 4.0 2,150 4.5
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Table II

SUMMARY OF HOVER TEST CONDITIONS

(With AQM-91A Drone)

NR// = 178.9 rpm NR/v% = 189.2 rpm NR/Va 196.9 rpm

Wheel Pressure Free Air Pressur- Free Air Pressure Free Air
Height Altitude Tempeiature Altitude Temperature Altitude Temperature
(ft) (ft) I (ieg C) (ft) (deg C) (ft) (deq C)

30 2,0u5 4.0 2,010 4.0 2,020 2.0

2,225 18.0 2,225 18.0 - - -

2,220 18.5 2,213 18.5 - . ...

2,165 17.0 2,173 17.0 - - -

50 2,045 4.5 2,040 4.5 2,065 2.0

2,265 3.5 2,265 18.5

2,220 17.0 2,215 17.0 - - -

100 2,330 19.0 2,125 i.0 2,120 2.5

2,290 16.5 2,320 19.0 - - -

2,255 18.5 2,275 17.0 - - -

Table III

SUMMARY OF LEVEL FLIGHT TEST CONDITIONS

(Clean)

I Average

C Pressure Free Air GrossC T x 104 NR/,r GW/ a Aititudp Temperature Weight

Flight No. (rpi, (ib) (ft) (deg C) (lb)

6 88.01 188.9 43,860 4,400 -5.0 37,320

7 108.71 185.2 52,000 8,800 -4.5 37,4bu

8 99.74 193.2 51,930 8,950 -3.5 37,190

9 99.27 183.5 46,670 5,800 2.0 37,680

10 78.79 192.2 40,510 6,OA0 5.5 32,530

16.1 89.56 192.5 46,280 7,550 4.5 34,970

16.2 77.65 188.3 38,370 3,700 3.0 33,510

19.1 87.39 i.7 41,540 4,450 1.0 35,280

19.2 99.41 188.3 48,840 10,150 -7.0 33,390

20 76.48 185.0 36,520 3,550 4.5 32,070

22.1 102.62 195.3 54,970 8,250 0.0 40,440

22.2 112.46 187.1 54,980 9,200 -0.5 39,000

23.1 114.50 195.5 61,000 11,000 -3.5 40,350

23.2 113.07 191.7 57,930 10,750 -4.0 38,690

26.1 90.99 196.0 48,770 8,200 0.5 35,950

26.2 79.68 196.1 42,760 5,700 4.0 34,660
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Table IV

SUMMARY OF LEVEL FLIGHT TEST CONDITIONS

(With AQM-34L Drone)

Average
4 N Pressure Free Air Gross

C x 10 NR/S a GW/ 6a Altitude Temperature Weight
Flight No. (rpm) (lb) (ft) (deg C) (lb)

39 78.39 192.5 40,440 4,900 7.0 33,780
40 89.70 192.4 46,080 6,950 2.0 35,620

42.1 88.90 188.2 43,960 4,900 10.0 36,710

42.2 80.24 195.3 43,160 5,000 10.5 35,910

44.1 113.45 196.4 60,940 12,750 -0.5 37,630

44.2 110.59 188.9 55,530 11,000 2.0 36,730

45 87.03 185.1 41,590 5,200 15.0 34,340

46 110.80 193.5 57,880 11,350 4.5 37,760

47.1 107.90 186.0 52,040 9,600 7.5 36,340
47.2 90.99 196.4 49,440 8,850 9.0 35,540

53 77.21 189.) 38,270 3,700 18.5 33,570

Table V

SUMMARY OF LEVEL FLIGHT TEST CONDITIONS

(With AQM-34R Drone)

Average
4 Pressure Free Air Gross

CT x 104 NR/"a GW/N Altitude Temperature Weight
Flight No. (rpm) (lb) (ft) (deg C) (Ib)

55 85.75 186.0 41,370 3.550 24.5 36,330

56.1 87.84 188.8 43,670 5,100 17.0 36,200

56.2 90.83 196.1 48,720 8,650 12.0 35,300

58.1 78.17 193.4 40,780 4,300 18.0 34,830

58.2 81.56 187.8 40,120 4,800 18.0 33,630

59 87.98 194.2 46,280 7,900 12.5 34,500

60.1 108.94 190.0 54,850 8,670 12.0 39,700

60.2 108.17 186.1 52,250 8,070 13.c 38,700

61.1 113.06 196.7 61,010 11,475 6.0 39,600

61.2 109.88 194.5 57,980 10,700 9.0 38,800
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Table VI

SUMMARY OF LEVEL FLIGHT TEST CONDITIONS

(With AQM-91A Drone)

Average

4 N / Pressure Free Air Gross
CT x 10 R a GW/6a Altitude Temperature Weight

Flight No. (rpm) (ib) (ft) (deg C) (ib)

30 88.05 189.5 44,150 5,950 8.5 35,440

31.1 108.08 185.6 51,860 8,750 3.0 37,430

31.2 80.17 195.5 42,780 4,450 13.0 36,330

32.1 100.43 192.9 52,220 8,800 4.5 37,610

32.2 97.89 185.2 46,740 6,600 10.0 36,610

34.1 99.22 188.7 49,360 7,300 9.5 37,650

34.2 94.67 196.7 49,360 7,650 8.5 37,150

35 87.10 185.2 41,640 4,400 16.5 35,430

36.1 110.22 188.9 54,840 10,300 1.0 37,270

36.2 102.79 195.5 54,840 11,000 -0.5 36,270

37.1 78.02 192.9 40,450 3,100 15.5 36,120

37.2 77.60 188.5 39,540 2,900 14.5 35,570

38.1 111.85 192.7 58,010 11,500 -1.5 37,630

38.2 114.47 195.5 60,980 13,650 -7.5 36,330

43 88.53 193.4 46,180 5,650 9.5 37,500
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M1--3c ~ vNG1j49qa3
Tfi'4 ElZNGJN9S EAPS I.NSrALLED

-- -- MAR~S PeFRFORIVANCE

-1. 'FAIRING'SLDERIVEb.-ROM FI GURES SZ 714ROLUGH 6 2 APPEN DIX X.

21,tAS--jC()FGUREDI-.4 53Cj1.WO 45.0- GALLON AULXILIARY FLIzL TANKS..

EXTERNAL RESCUE HOIST, AQ AM-34 L DR~ONE IN STOWED POSITION-
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0
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MARS PtRFOkllAkCE
NOTES. 3

I. FAIRINGSDeRIV 'LD #ROM FJGUAISS 5-2 THR'OUGH 62.-) APPENDIX X.
Z..MARS!- C0NFlGUftD H R-53 C.),WO 4.O-;GALLO N.AUX1 I ARtY.UELTANKS)

EXTERNAL RESCUE HOIST, AQWI-34L DR~ONE IN STOWED POSITION.
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*HSb USAF' S/N 6.,
TG4-GE-/ ENGINES -~ EAP,

MARS PERFOR~M)

AVG. CT 0.007721
AVG,- GW/S, (LB)= -38-,46,5

AVG. NR/,/g (?RPM)a 18,9.0
-AVG.NNR(RPM)z -190.0

* - MA5~C0WIGU .- TWO 450-GAL, JAUX[LIARY..

V AQM-34.L DRONE 11N. STOWED POSITION.

7 - PAIRING -DERIVED fROM,

S - FIGURE-5 112-AND 1J3.,
APPENDIX 'I,

~0SO

A r-7, oo

I--A

L

0.0 0.0 -o0 -01 lo 0

--- I R-2t NOD-so4IOA 0EVJ



SAF~u~~ S/N 67- 14q3-
GE-7 ENGNES-EAPS INSTALLEDF-F:T 

T F

MARS PERFORMANCE

AVG- PRESSURE ALTITUDE (FT)'= 3,685
- . AYG_F RE A R A ? ( . Q C)__J 

-

AVG. GROSS-WElGHT INCLUDING DRONE (LB)=33.j620
- AVG. C G 10OC-ATLON .(ISTA). Z53-6.2

PGL. -AUXLIARY- F1UEL~ TANIS, tXTRNALRE5 C UEA{QST,------
POSITION. --,- V ~ -

O.(19 MAXIMum NAMpp

L-- .- a-Hi m- CUS - ------- * OI4--5--0

a~ 024 a28 ,3

--NC RAT-- (,AL)~--~----~-

0_



_1T 5{- F S /N 67'

MARS PERPORMA]

'AVG.' C~r 0.007859'
-- -AVG.i.GW/SkAb) .= -40,1520--

;AVG, RV~RMm~.

- - -~ 7MAVGSA}JRRPM.Xl.9LtA. - -

FAIRING DERIVED IFRO.- -

APPENDIX 1.

I-7

.0
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so

40.

30L

0.0 0.4 0.08 all2 0.16 0.20 0.24
__ -~ --- -ADVANCE RA1TIG

_____ _____ ____ _____ ___- IGLIE5'L_ 3...UM4 NiJI1&W[NAL LM~ tt~l



.c u~sAF S/N 67-1V-qq3
ENG.IMNES""EA-PS- IN-STALLED ----

MA&RS PERFORMAKCE

AVG. PRESSURE-AU-ITUDE CFT)s 4910 -- -

-- AVG.,GROSS W-EIGHT 1NCLUDLNG- DONE ,(LB)= 33,8-30,
7i ~ - AVG.- CGLOCATiO0N42,ST ,,)WiS3.2

- - -
__________ -7!

I-000-w

_- 4 0

- ~ 9 - -AWMf4 M----------------- %

--- i

- V 'AW CE- -R-ATNAD (-,4L)-

0 NALu



- 4-55C USAF S/N 6
T64-GE.7 ENGINES - EAVMARS PERFORM

AVG. Cr = 0.008024
AVG. GW/S (LB) 42.690
AVG. Njt/Vqr (RPM)= 195.3
AVG. Ni (RPM) = 193.7

MARS- CONFIGURED, TWO 4SO-GAL. AUXILIARY
AQM-34L DRONE IN STOWED POSITION.

. _ FAIRING DERIVED FAOM
.. FGURES 112 AND 113,

APPENDIX .,

0.02

.L 0.0

ISO LOAD

140

t150

-13

Ica

80
U_
LU

70

40

.30

0.0 0.04 0.08 0_1 0.10 0.20 0.214
ADVANCE RATIO

FIGUJRE 54. NON1DIMENSIONAL LEVEL I

)3.. g



,bUC USAF S/N 67- 4qq3
.GE-7 ENGINES - EAPS INSTALLED
,-,MARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) 5,020
AVG, FReE AIR TEIP, (DEG. C)= 10.5
AVG. GROSS WEIGHT INCLUDING DRONE (LS)= 56,490
AVG, CG .LOCATION (STA) m 336.2

P-GAL. AUXILIARY FUEl. TANKS, EXTERNAL RESCUE HOIST#
POSiTION.

A A 092 DOO wZ
0

0.90 2 WOO0

0,9 1000

-AD 7 . 0.11 MAXIMUM NAMPP 0,14

X7 w
-0.80-

0.74

070 "

... 0.68

RECOMN ENDED
_- - CRUISE (15 KIAS)

0.20 0.24 0.28 0.32 0.36 040 O.14

1ADVANCE RATIO (..)

._{SIONAL LEVEL FLIGHT PERFORMANCE (A OM-34 L) 81
V/



94-56t USAF S/N 6"
T64-GE-7 ENGINES "- EAP.

MARS PERFORMA

AVG. Cr 0.008703
.AV.G, GW/5 4 (LB) 41,S90

AVG. N/v% (RPM) = 185.1
AVG, NR (RPM)= 185,1

M A R5 - CON FI GU RED, TWO O.-GAL._AUXILIARY._
AQM-34L DRONE IN STOWED POSYTION.

FAIRING DERIVED PROM
.0

-- GUR4S0.02

1t40LO
20

. 90
70

VIt

6 10
0

0L.

.~~U 80.. .... ..

so

460

301
0.0 0.04 0.08 0.12. 0.16 0.20 0.24

ADVANCE RATIO (

iS2 FIGURE 55. NONDIMEbJSIONALL tEVEL .L



6USAF SN~ 67-.99
-ENGINES -EAPS IN STALLED

~MARS PERFORMANCE

AVG, PRESSURE ALTITUDE (FT) 6')220
AVG..- FREE A1RT-EP. C.DEQ, C)= -15.0
AVG, GROSS WEIGHT INCLUDING DIRONE (L6)= 34,320
AVG. C.G.L0CAT0N-STA)-: 356.3

-L.-AUJX.LlARY--FUEL TANW5SJ EXKTERNAL RESCUE K-O1$T,

- - -- - 0.M91 - - -

-*----O'i MAXiMUM NAM4PP

-0.~ - -- 2000
.) U)

- O. ~ 1000- :

94 -0.

LOADL

-0-80

f'C
0 w8

n

- -- -~ IJ-J 4c

0.72

- _________RECOMMENDE D
CRUISE (107 KIAS)

.020 024 0.8 0.32 0.36 0.40 041

WNC.E RATIO cA
ONVG1LPE&M~N E (~M-34) -lei-



Hk-15tUSAF Sf N:_
TG4.-GE-7 ENGINES-E

MARS PERFOR

AVG, CT: 0,008890
AVG&.GW/8, -(LB)= 43o920
AVG. Nv./ (RPMi)m 188.2.

- AVG. NR (RPM)=.J86.6

MARS- CONFIGUR.ED, TWO 46O-GAL. AUXILIAR6
AQM-34L DR~ONE IN STOWED POS171ON..

FAIRING DERIVED. ARm
H---- ----- - -FtGURES-II2, AND i113,

APPENDIX 1,

0.0-

140 L. A

130
- MTIP

u

60

L 
s

460

30-

0.0 0.04 0.08 0.12 0.16 OZ0 0.24

ADVANCE RA1rIC

FIGUJRE 56. NONDIMEN~SIONAL .LFVEL-



V~USAF !S/N 67-14q9~3
GE7ENGINES - APS INSTALLED

MARS PERFORMANCE

AVG. PRESSURE A\LTITUD~E (FT) 4,92 0
AVG. FREE AIR TEMP. (DEG. C) .10.0
AVG, GROSS WEIGHT INCILUDING DRONE (M2)= 36,660
AVG. CO LOCATION _(STA) C &a

I. GAL. AMXLIARY FUEL TOW~S, EXTERNA~L RE5CUE HOISTo

LIZ

490 ~3000 lu

--- s 0. 2000 c

1 000co2

0~---.49 N'AYIMUM NAMPP<j

476---

-0,74

/0.72

__ 0.6a

RECOMMEND~ED
CRUISE (113 K 05)

L-~0.0 A24 .28 0.32 0.36 0.40
~ANCE RA1rID (,IL)

P!JSJONAL LEVEL FLlGHT PERFORMvANCE_ (ACZM-.34L) 8



I.,

- ~iii-isc liSAr §/N 67-1
T64-GE-7 ENGINES -, EAP5.

MARS PERFORMAN

AVG. Cr= 0.008970
AVG, GW/8, (LB) = 46,310

i AVG;. %l/q (RPM)m 192.4

L. AVG. NR (RPM) = 188,-

MARS -CONFI GURUD, TWO 4'50-GAL. AUXILIARY Fl
AQM-34L DRONE IN STOWED POSITION.

FAIRING DERIVED FROM
S0FIGURES lI AND 113,

APPENDIX I.

IO

-o - I0 'L.O"

120 7

=. o. 110
It

oS70
La 7

0 so

0.0 0.04 0.08 0.I2 0.I, 0.20 0.24
ADVANCE RATIO (

FIGURE 51. NONDIMENSIONAL LEVEL FLII



UCSAP S/t4.67-I,4qq3
M NIK.ES -EAPS INSTALLED

ARS PERFORMANCE

ALVG, PRESSURE ALTITUDE (FT) 6,930
AVG, FRell AMR TIMP. (DEG. C)= 2.0
AVG. CiROSS WEIGHT INCLUDING DRONE US)= 5p,850
AVG.-CG LOCATION (STA) = 336.2

ALAUXILARY FUIEL TAN(S, EX~TERNAL RE5CUE 14015T.
PSITION.X

- 0I923000--

a 2000-0 ----

_ O.8 .~ 1000

LD -0gi4

- 0.'i9 Mv6AIMUM~v NAMrr 0492 c ~

0.78 uw

&~76

-0,74
2

0.72

/0 0.70

0.66

_________RECOhMENDED

CRUISE (108 KIA5)

'-a020 0.24 0.28 0.32 0.36 0.40 0.11

ANCE RArIO C.a

~NAL_ _LEV&_FtlGHT _P RO'MANCE (AQM- 34L) -



- H44-B5C USAF S/N. ,
T64 GE-7 ENGIN.E-. -~ E-AP

MARS PERFORIA

AVG. cT 0.009094
AVG, GW/S, (LB) =48,930
AVG. 1Jt/-V% (RPM)z 196.4
~AV..N(RPM)= 194.4

MARS-CONFiGURED, TWO 450-GAL. AUXILIARY-.
- AOM-34L DRONE IN STOWED POSI~t;')N.

FAIRING DERIVED FROM 7
-- ~s0.6 FIG URES 102 AND J131 L

-~~ APPENDIX I
oaO4

S0.02

044
- ~--* -60 LLOAD

4m

100

90

U-6
800

00

301

0.0 0.04 0.08 0.12 01b 0.20 0.24
ADVANCE RATrI0

FIGURE 58.- NONDIMENI.SONAL LEVE4 FP-



AB3C USAF? S/N, 67- I'Aq93
kE-7 -ENG(NF-S '- EIAPS- lN$TALL.ED
4"MARS PERFORMANCE

AVG. PRESSURE AiLTITUDE (PT) 8,66O
AVG. FREE AIR -t:EP,, (.)EO, C) 9.,0
AVG. GROSS WEIGHT INCLUDING DRDNE (L6)lx 35.,1606
AVG. CG LOCATION (STA) =336.2

10b-GAL. AUXILIARY FUEL TAOS$ EXTERNAL RESCUE KOIST,
POSITION.X

**O~9Z - 3000

0.90 ~ 2000

1000
0Z

0.99 MAXIMUM NAMPP

-07-

40-7

__________-RECOMMwENDED
CRUISE (105 KIAS)

0.O .24 0.28 0.32 0.36 0.40
VAhWCE RAID (,4L)

.1JSIONAL LEM, LLGHT PERFORMANCE (AQM-.34L) 85



:14 a|b

T64-G-7 ENGINES ' EAP
MARS PERFORMA

AVG, CT 0 ,0079
AVG, GW/6S () = 52..080
AVG. Nyt/v% (RPM)= 186.0
-AVG. Nst (RPM) = )8I3,5 -

MAR5-CONFIGURB-D, TWO 450-GAL. AUXILIARY.
AQM-34L DRONE IN STOWED POSITION#

-- 40-04-

0.02
:;z

- -0.0

ISO

140 LOAD -
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0= 120

w 0

0
700

w
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- ...... a....I 0

*1 50

40
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0.0 0.64 0.08 0.12 0.fb 0.20 o.24
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.I.DL

:- t I



Si.,ENGINES ' EAPS INSTALLED
WARS PERFORMANCE

AVG, PRESSUR.E ALTITUDE (FT) =G4620
AVG, FRIEE AIR TEMP. (~ C.)= 7,5
AVG. GROSS WEIGHT INCLUDING DRONE (LB)= 36t34O
AVG. -O.G LOC14T[ON -(STA) 2 35,L6-

QAL. AUXILIARY FUEL TAN1S, EXTERNAL RESCUE- MOIST,
iPSIT)ON. --- 09

09 -3000-- __

~~rO.94MAXIMUM N~AMPP
I - -0aS -- --W- o --

i-I -- 4% -1 OOO----Z- -

dcc

- ~ ~--~-0,74----

-072_

0,0

.0.65K

___________RECOMMENJDED
CRUISE (9 1KJA5)

0 0.24 0a28 0,32 0.36 0.40 .1-f
AC.,E RA1SIO0- Cp,)

ONAL LEVEL yI PAO& NC(Q-34L)_-



414-55c USAF S/N 6
T64-GE-7 ENGINES - EAP

MARS PERFORM

AVG. C'r 00110E;9
AVG, GW/8 4 (LB) = 55,040

' AVG. Njt/V.,J (RPM)m 188.9

AVE, Nn (.RPM) = 184.6

MARS - IONFIGURF.D, TWO 450-GAL. AUXILIARY
i 8AQM-34L DRONE IN STOWED POSIT10N.

FAIRING DERIVED FROM

- > 0,06 FIGURES i11 AND I113
APPENDIX I.

-~ o. 0O4
,< 0.02

LLOAD

f40 -

150~mTl
P

120

z

Lu

X i/

-760
0.

so

40

30,
0.0 0.04 0.08 0.f2 0.Ib 0.20 0.24

ADVANCE RATIO

-_ -,__ FIGURE 60. NONDIMEWSIONAL LVELj



ttsBC USAF S/N 57-1499
E.-7 ENGINES"- EAPS INSTALLED
MARS PERFORMANCE

AVG, PRESSURE ALTITUDE (FT) 11,020

AVG, FREE AIR TEMP. (DEG, C) 2.0

AVG. GROSS WEIGHT INCLUDING DRONE (LS)O 36.,.80
AVG. CG LOCATION (STA) = 5 7.4 3"

,. GAL. AUXILIARY FUEL TANW<S, EXTERNAL RESCUE HOIST,
~_POSiTiON,.z

,:_:__. 0.94 .. . .. -,,
1

'= 0.9O 2000

-0.99 MAXIMUM NAMPP

o .g'4 -

0.90 0

2Q

0,72

0.76

+-- yo

+ _ _ l0.6 ,

RECO.W ENDE D
CRUISE (87 KA5)

0.20 o.24 0.28 0,32 0.36 ., o.0

lkDVANCE RATIO Cvu-)

7-PSIONAL 1FVJ -FLIGWTPEqFRMANCE_ (AaM- 34 L) 8i



114SC USAF S/N 67-
TG4-GE-7 ENGINES -EAPS

MARS PERFRAN1

AVG. C 0. 01108

AVG. GW/S, (LB) =57,880

AVG. NR (RPM)= 190,0

MARS3- CONFIGURIED, TWO 450-&AL AUXILIARY P~
SAQM-34L DRONE IN STOWED POSITION.

FAIRMN DERIVED FROM
> O.O6~ FIGURES5 12 AND J131

ArPENDIX 1.

.. .... .. .
0.0

140

8Z0

70

60

40.

ADVANCERA1'ID (,

_ ~-- FIGURE 61. NONJMENSIONAL VEL FLIGI



.3C USAF S/N 67- 149q3
&7 ENGINES - EAPS INSTALLED
MARS PERFORMANCE

AVG. PRESSURE ALTITUDE (F'r) = 111350
AVG. FREE AIR TEMP. (DEG, C,) = 4,5

AVG. GROSS WEIGHT INCLUDING DRONE (LB) = 37,760

AVG. CG LOCATION _(.STA) 355,8- - -

P&AL. AUXILIARY FUEL TANS, EXTERNAL PESCUE HOIST, -

,9- - 0 -- u

::~~~~~ .- o...........O-.... ....

0.90 a "2000
-- . 0.9qMAXIMUM NAMPP I-
'¢ - -0,98. - -000 . . ..

-- loo

:

ca
-O --- ~--

.0,74

-0,72

4,70 -

-:''--RECOMMENDED -

CRUISE (89 KIA5)

--.20 o.4 o.28 0.32 .0.6 0.40 0.4

ANCE RATIO (A)

SiOALJ~V~_~LGHLERF3MACE(AQM-34 L) --



1I4-55t USAF S/N.-
T64-GE-7 ENGINES - E)

MARS PERFORI

AVG. C-r= 0.011546
AVG. GW/S 4, (LB) = ,O40
AVG. N (RPM) = 196.4
AVG. N, rRPM)= 19). 0

MARS- CONFIGURED, TWO 450-GAL. AUXILIAR.
AQM-34L DRONE IN STOWED POSITION.

FAIRING DERIVED FROM~.-

APPENDIX I

~r0.02

- 0.0 LOA

150

0,~ r4o

130
, 20 MTIP

(L 110
U -el

to
X®

LU 0

00

a 70

40

D 3 0 -
- 0.0 0..4 0.08 o.I 06 0.20 o.24

ADVANCE RATIO.

- ...... .. FIGURE 62. NONDIMENSIONAL LEVEL F



If C USAF S/N 67- 14qqb
E-!7 ENGINES -ETAPS IN STALLED

;"MARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT)' 12,740
AVG, FREE AIRTEMP. (DEG. C)= -0.56
AVG. GROSS WEIGHT INCLUDING DRONE (LS~)= 37,700
AVG. CG LOCATION (STA) *3i36.8

.~AL. AUXILIARY FUEL TAN{S, EXTERNAL &E5CUE HOIS5T#
YOSITION.

0.92 3000 "

00

09MAI0.90 200
-~ 0.9 MAXMUM N4MPP I

o.ft 0oo
0.1?

0a76

0.76Z

0.70

0.68

________________RECOMMENDED
CRUISE (81 K145)

lz .20 0.24 aza. 0.32 0.36 0.40 01

--VANCE RATIO (,LL)

_t NAL LEZ UIT~ QMANCOE (A aM -.34L)
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14H-5EJC USAF S/N 6 7-14q '173

MARS PE5RFORMANCE

1. FAtRINGS DE7RIVZOD FROM lFIGURES5 73 rNROUGH 8Z~, APPeNDIX Xr.

2.-,MARS- CONF/GUREOJI'4-E73C, TrWO 460r-GA44ON AUXi4IARY F110L 7AAIS,
EXTERNIAL RESCUE 140137' AQM- e4R DRONE IN JTOWED POS-ION4.

,,,U 0.16

100

196

lk 192

7014

60

30
so is, 70 so 70 100 1/0 120

THRUST CoEFF/4rC/ENr (Cc) X 0

96 FiGUlRe vl zewE FLix~r P.-RFORMVANCE, SAIMMARY (AQM'-34R)



-H4-53-C USAF SNi~1?

S__.76!6E*7GE-2ENGlNES -*rEARSJNSTAL LED

- MARS PERFORMANCE

I POTEs:. -

1. FAIRINGS. _DERIVEDFROM FI.GURES. 73 THROUGI4 82, APPENDIX X.

-- 2. M4ARS7-,CONXIGURED H14- 53C,7TWO 4510- GA& LON AUXILIARY F'UEL TrANKS,

EXrERNAL RlESCU/E 140I5T, AQMA-34R DRONE IN STOWED PoSITION.

"U0. 20

AtO -V0

196

* /92

184

0

06

40

go ~ 70 80 70 10o 1/0 120

Tr4,usT COEFFrICIENT (C1 )Y 10

-- FIUR J-&L- FI614T7 PEFRAC LMAY QM 34R)



N-3-3C UISAF 3/N 67-!4993'

T64-GE- 7 ENGINES -'EAPS INSrA.LL ED

M2ARS PERFORMANCE

NO TES:
I. FAIRINGS DERIVED f*ROM:-FIGL/RES 5 T/WROVOGY82rAPPENOYXX.

2. MoARS- C ONPGUR ED .H-S3C,TWJ -4E0-GA LLOAI A LXILfA R.Y,,FUEL. TANKS,,I
fXreRNAL RESCUE 140157, AQM4-34R DROPJ6 IN STOWCD POSITON.

/40. 24

,20

lb0

/00

NitV

184
80

t
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uj70

,0

40

30

so GO 70 so 90 /00 1/0 /20
TI4RUST COFFIiENT (Cc)

98 CIGUCREi 71 *LEVL FLIGHT PERFORMANCE SUMM4ARY CAQM-34R)



HH-5SC CSAF S/N 67-1413 -

r64-GE- 767AG/NE5.5-E]APS INSIALLEO

MAR S PER.FORMANCE

/. FAIRMONS DERIVED FROM FI1GURES 73 TJ4ROUGH 82f APPENOIX r.

2. MARS- CONPIGLIRED 1-11-53 CTWO 45-0 -GALLON AUX141. ARY FUIEL TANKS,

EXTERNAL RESCUE H40iS7, AQM-34R DRONE IN STOWED POSITON.
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T64-GE-7 ENGINES "' EAPS
MARS PERFORMAI
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#MARS PERFORMANCE
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0-GAL. AUXILIARY FUEL TAN<S, EXTERNAL RESCUE HOIST,
POS 1TION.

0 94

1~ 0192

-0.A 0 ..

o.6 s oo

0,94 4000

042 c 3000

0.80 E_,LvO :

0.78 1 0ooo

0.76 0

-0,74 ""

0.72

0.70 "

RECOMMENDED
CRUISE (76 KIA5)

0.20 o.24 0.28 0,.32 0.36 0.40 0.141

O-VANCE RATIO (,A.)

hSiONAL LEVEL. FLIGHT PERFORMANCE (AQM- 91A)



'A _S/N 7
T64-GE-7 ENGINES -_ EAPS

MARS PERFORMA

AVG. Cr= 0,008017
AVG, GW/8, (LB) = 42,740
-AVG. NX/V% (RPM)= I95.5'
AVG. Np.(RPi)= 194.9

MARS-CONFIGURED, TWO 450-GAL. AUXILIARY
AQM-91A DRONE IN STOWED POSITION,

FAIRING DERIVED FROM-J

0.06 F1GURE-S 112 AND 115$
oNQ4 APPENDIX 'I.
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2

0.0

ISOj L OAf

V140
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70 ..so

404

30-
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ADVANCE RATIO 4
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I7- 14qq3
,.,71ENGINE5 EAP5 INSTALLED

IRS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) 4,450
AVG,. FPZE AIRTEMP. CDEQ. C.) = 15.0 
AVG, GROSS WEIGHT INCLUDING DRONE (LB) = 36,320
AVG.C.G L0C ATI ON ( STA) . 338,15

L. AUXILIARY FUEL TANS, EXTERNAL RE5CIE H.OIST,

.. . .. . .. . . . . . . . . .. .. . . . .. . . . .. . .. . . . . . . . . . . . . 0 ,- O 9 4 .. . .

. . . .....- 0 ,9 2 -

-046 50 soo Q0

0,14 4000

O.92 3000 Q~

0.60 ,. -2000

Pz
_ 0.78 l 1000

0.76 0-

coo' - ~~~0,74, . . ..

.0,72 '
0,70

RECOMMENDED
*_ CRUISE (73 KIA5)

-L u _ _. . . ._ _ _ __Jii_ _ki& 0.O24 0.28 0.Z32 0.36 0.40 0.4
,&WC E R AT10 C UL-)
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W14-53C USAF S/N.
T64-GE-7 ENGINES - E_,MARS PERFORI

AVG. CT = 0.008710
AVG. GW/S. (LB)= 41,670
AVG. Na/,/b (RPM) = 185.2
AVG. NR (RPM) = 185.7

MAR5- CONFIGURED,. TWO 450-GAL. AUXILIARN
AQM-91A DRONE IN STOWED POSITION.

O.og
FAIRING DERIV E0 FROM

->006 FIGURES 112 AND 113
APPENDIX 1.
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0.0
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L40
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FIGURE 96 NONDIMENSiONAL LEVEL Fi



tCuUSAF S/N 67 43 -q

iE 7 ENGINES, EAPS INSTALLED
MARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) = 4,400
AVG. FREE AIR TE P,.(iE,, C)= 16.5
AVG. GROSS WEIGHT INCLUDING bRONE (L6) = 35,460

I AVG. CG LOCATION (STA) = 337.2

Fe-GAL. AUXILIARY FUEL TANWS, EXTERNAL RESCUE HOIST, ....
OPSITION.

0.90

of6 -5000

0 44 4000 2
z0

-O&92 3000

0,80 ,. 2 00 0 z

O.79 1000
to oo

O,-76 -0

0,74 0 .

•0,72 -.

0,70-

RECOMMENDED
CRUISE (73 KIAS)

__-.o.o 0.24 o.2.8 0.32 0.36 0o40 .1-,

DWANCE RATIO (,.)

O-SJONAL LEVEL RIGHT PERFORMANCE (AQM-91A) 123



TG4-GE-7 ENGINES 5 EAR
MARS PERFORMA?

AVG. CT 0. 008805
AVGGW/84, (L5) _44j60S
AV1G. NnVq (RPM)* 189.6
AVG. NR (RPM)= 187.0

MARS-CONFIGURED, TWO 15O-GAL. AUXILIARY.
AQM-91A DRONE IN STOWED POSITION.

?% 0;O8 FAIRING DERIVED FROM

- ~O,6- f[GURES 112 hNLD.113--
2 APPENDIX 1.
a04

0.0

0.0

ISO LOAD

140

130

S 120

__ -124 ____________ iGUR ~jIto4
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EH7 ENGINES -EAPS INSTALLED
EIMARS PERFORMANCE

AVG, PRESSURE ALTITUDE (Fr) 5 970
tt AVG. FREE AIR TEMP. (DEG. C-) 8.5w

AVG. GROSS WEIGHT INCLUDING DRONE US)= 35.380
AVG. CG LOCATION (STA),: 337.8

.'06GAL. AUXILIARY FUEL TANk~S, EXTERNAL RESCUE HOWS,
VP 0 S IT 10N.

024~ 4000 Z:

OX2 300

_ 0.80 2000

1Y'

0.76 0 _

____________________RECOMENDED
CRUISE (73 KIAS)

0.20 0.2.4 0aza 0.32 0.36 0.0 0.14
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H4-S3C USAF S/N 67-
T64-GE-7 ENGINES - EAPS.

MARS PERFORMAt

AVG. C-r 0. 0088563
AVG. GW/S, (LB) 46,180
AVG. N;]t/v (RPM)* 193.4
AVG. Nv (RPM)= 191.5

MARS- CONFIGURED, TWO 450-GAL. AUXILIARY F
AQM-9)A DRONE IN STOWE.D POSITION.

FAIRING DERIVED FROM

- 0.06 FIGURES 112 AND 115,
APPENDIX 1.
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Htf--115t U~SAF S/N 67- 1,4qq3
-GE-7 ENGINES ' EAPS INSTALLED
,MAR2, PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) = 5,650
AVG. FREE AIR TEMP. (DEG. C)= 9,5
AVG. GROSS WEIGHT INCLUDING DRONE (L) = 37,500
AVG. CG LOCATION (STA) = 357.6

-O-G'AL. AUXILIARY FUEL TANW(5, EXTERN."L RESCUE HOIST,
:f POSITION.
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0.90

oog

0.80 . 2000 >
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a D ..U

0,74 ~ -

0.72 Z
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RECOAi'AENDED"a CRUISE (72 KIA5)
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tVANCE RATIO (,4L,)

W1SIONAL LEVEL FLIGHT PERFORMANCE (AQM-91A) 125
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414-SBC OS4F S/N 67-
T64-GE-7 ENGINES "- EAPS

MARS PERFORMAN

AVG. CT: 0.009467
AVG, GW/S-_ (La) 48,820
AVG. NR/Vq (RPM)= 196.7
AVG. NR (RPM)= 194-.4

MARS- CONFIGURED, TWO 450-GAL. AUXILIARY F
AQM-91A DRONE IN STOWED POSITION.

FAIRING DERIVED FROM.
-.J

S"0.06 FIGURE-5 112 AND 115,
APPENDIX 1,
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•- 15C USAF S/N 67- 14qq3
GE-7 ENGINES - EAPS INSTALLED
-- A RS PERFORMANCE

*- AVG. PRESSURE. ALTITUDE (FT) 7,650
AVG. FREE AIR. TMP. .(-rZ, C.). 8.-5
AVG. GROSS WEIGHT INCLUDING DRDNE (LB)= 36, 750
AVG..CG- LOCATI ON-(.STA) =_338...

Q -GAL AUXILIARY FUEL TANkS, EXTERNAL RESCUE HOIST,
- POSITION.

-0190
F-.

_?4 4000, z

0.92 c' 3000 cc

0,78 & 1000

0276 0

0,74

-07

0,70

....................... _RECOMMENMDe
CRUISE (72 KIAS)

D -20 =24 o028 0,32 0.36 0.40 0.14
YVANCE RATIO (.,)

IONALALF,_EALEL T_ PQRM.C__ (AQM-9.1A)_



k-tB6 -USAF S/N 67,
T64-GE-7 ENGINE5 - EAPS

MARS PERFORMAI

. _AVG, CT .009789

AVG. GW/S, (LB) = 46,850
AVG. WxIV" (RPM)z 185.2

.......... ,AVG.. NR (.RPM) I 8 5.5

.. MAR5-CONFIGURED, TWO 450-GAL. AUXILIARY F
AQM-9IA DRONE IN STOWED POSTION.

FAIRING DERIVED FROM
-> 0.06 FIGURES 112 AND 113

APPENDIX 1.,

L iCL
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C USAF S/N 67- 149q3
E7ENGINE.5- EAPS INSTALLED

ARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) = 6,620
AVG, FREE AIR TEMP, (DEG. C) = 10,0
AVG. GROSS WEIGHT INCLUDING DRONE (LW)= 36,660
AVG. CG LOCATION {(STA) = 340.6

PGAL. AUXILIARY FUEL TAN (S, EXTERNAL RESCUE KO)ST,
SiPO$ITION,

6.92

0.90

-0-16 5000 L

0. 0,94 4000 :z

' 3000g o

o~so 2000~
:: - 0.80 C, 00

)ooo= 0,78 00

0,74 -

"0.72

0.70 '

_____________________RECOMMENDED

CRUISE (76 KIAS)
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_LVANCE RATIO (pAL)-V,1ONAL.L-V., FLIGhT. PE FORMANCE. (AQ- 91 A) 
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1- ... HI-sk USAF S/N4 67-"*

T64-GE-7 ENGINES -,, EAPS.-i
MARS PERFORMAN(

AVG. CT 0.0099zz
AVG. GW/S4, (LB) = 40,280
AVG. WIvZ4 (APM)m 188.7
AVG, N, (RPI)= 1S6B
MARS- CONFIGUK.D. TWO 450-GAL. AUXILIARY FUl

AOM-91A DRONE IN STOWED POSITION.

FAIRING DERIVED FROM

0.06 FIGURES 112 AND 113,
:E APPENDIX 1.
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tit SAF, 97-N l viq
E-7 ENGINES - EAPS IN-STALLED
M ARS PERFORMANCE

AVG, PRESSURE ALTITUDE (Fi 7300'
AVG,. FREE' AIR- TEMP .EQL_. 9.5 4
AVG- GROSS WEIGRT INCLUDING DRONE (LS)= 37,69o
--AVG. CG LOCATION (STA) :* 5.377

_GAL. AUXILIARY FUEL TANkS, EXTERNAL RESCUE HOIST,
- .Pos)"IoN..

00400 -
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10-796 "u fs o
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____________________RECO:IM ENDED
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N.0NAL LEVEL FLIGHT PERFORMANCE (AQM-91A)
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K ,*

H14-5C USAF S/N i
T64-GE-7 ENGINES - EAt

MARS PERFORM

AVG. C-r= 0,010043
AVG. GW/S (LB) = 52,120
AVG. 1,-/V; (RPM)* 192.9
AVG. NR (RPM)= 189.4

MAR5-CONF|JGURD, TWO 450-GAL, AUXILIARY
AQMA-91A DRONE IN STOWED POSITION.

FAIRING DERIVED FROM
0.06 FIGURES 11Z AND 113

APPENDIX I.
Co-4
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FIGURE 102 NONDIMENSIONAL LEVEL.'



40~5C USAF 9IN 67- j4qq 5
~E1ENGNE5 - EAPS INSTALLED
WARSERFORMANCE

AVG. PRESSURE ALTITUDE (FT) 8,800
AVG, FREE AIR TEMIP. (nEQ. -C)= 4.5
AVG. GROSS WEIGHT INCLUDING DRDNE (1.20 57,550
AVG. CG LOCATION (STA) m339.7

OHMA. AUXILIARY FUEL TANXS, EXTERNAL PRE5CUE I4OIST$
-POSITION.
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JVANCE LAEVLO (.1)
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TG4-GE-7 EKGINE6 - EAP5-
MARS PERFORMAN

AVG. CTV-0.0f0279
- AVGAG S(kB)- -5-4,aQo ..

AVG. N /1 ( PM) = 165. 5
AVG. NR (RPM) = )90.3

AARS- CONFIGURED, TWO 460-GAL. AUXILIARY FJ
AQM-9A DRONE IN STOWED POSiTION.

FAIRING DERIVED FROM

0.06 FIGURES 112 AND 113,
APPENDIX 1.
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HGINis"', EAPS INSTALLED
IJAM PERFORMANCE

I AVG. PRESSURE ALTITUDE (FT)= 11i,020
-.. AVG, FRE- AIR TPEMP, . C) -.

AVG. GROSS WEIGHT INCLUDING DRONE (Lb) = 36,220---AVG;CG LOCATION (STA) 3-37.2

AL AUXILIARY FUEL TANRS, EXTERNAL RESCUE IOIST,_SITION,

0,92

0.90

O1-16 6000

oM4 m 4000o.9 0 3000
ccc

0.80 C 2000 z

0.78 w #000 n
K 0

076 0 -J

0,74 - -
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I_ __ __ _RECOMMENDED

CRUISE (73 (IAS)

.Zo 0.24 0.2s o.2 0.36 0.40 0.1-

RVANCE RATIO (,.)

&tONAL LEVEL FLIGHT PERFORMANCE (AQM- 9A)



- ,4-tc USAF SIN
T64.-GE-7 .ENGINE5 - EAPS.

MARS PERFORMAN,

AVG. CT= 0.0/0808
AVG. GW/S. (LB) = 51,925
AVG. / %j (RPM)* 185.6
AVG. Np (RPM) = 181.8

NiAR$- CONFIGURED, TWO 450-GAL. AUXILIARY FJ
AQVA-91A DRONE IN STOWED POSITION.

FAIRING DERIVED FROM

- 0.06 FIGURES 112 AND 115 .
APPENDIX - -
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gII5~UAP~Sf14 67-1-4q93
.E-7 ENG!N;.E- ,, EAPS INSTALLED

aMARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) 8,760
AVG. FReE AIR TEMP. CDE(a. C)= 5.0
AVG. GROSS WEIGHT INCLUDING DRONE (L) = 37,.460
AVG. CG LOCATION (STA) = 537.8

i.6O-GAL. AUXILIARY FUEL TANlS, EXTERNAL RESCUE HOIST,
f .I:05 IT ,ON,

0,92

0.90 "
O,gg MAXIMUM NAAPP

o.46 6000o

--- O, 4 4000 s4Z

o.2 3000

0. 0 C_ 2000
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0.76 J 0

0.74 -
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T. 0,70

,,_ __-_RECOWiENDE0

CRUISE (70 KIAS)
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lo-VANCE RATIO (P

ftSIONAL- LEME FLIGHT PERFOR~MANCE (AWt-91A~ 131



NI4-SbC USAF S/N 67!
T64-GE-7 ENGINES - EAPS_

MARS PERFORMAf

AVG. CT= OO11022
AVG. GW/8, (LB) z ' 4,860
AVG. NR/.$F (1RPM) = 188.9
AVG. NR (RPM) = 18*.2

MARS- CONFIGURED, TWO 450-GAL. AUXILIARY F
AQM-91A DRONE IN STOWED POSITION.

FAIRING DERIVED FROM
0.06 FIGURES 112 AND 1131

APPENDIX 1.
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132 FIGURE 105 NONDIMENSIONAL LEVEL FLI,



:itUSAF S/N 67- ).qq3
7-IENGINES - EAPS INSTALLED
-'AS PERFORMANCE

AVG. PRESSURE AdLTLTUDE (FT) = 10,300
AVG. FREE AIR TEMP. (DEG, C) = 1.0
AVG. GROSS WEIGHT INCLUDING DRONE (L2) = 37,290
AVG. CG LOCATION (STA) = 356.7

L-GAL. AUXILIARY FUEL TANS, EXTERNAL RESCUE HOIST,
iPOS rrION.
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1. .H-5 C USAF S/N
T64-GE-7 ENGINES - E

MARS PERFOR

AVG. COr 0.011186
AVG, GW/S, (LB) = 67,930
AVG. N/v'O (RPM)= 192.7
AVG. NR (RPM)= 187.0

MARS - CONFI GUJRED, TWO 450-GAL. AUXILIAR
AQM-91A DRONE tN STOWED POSITION.

.0 FAIRING DERIVED FROM

Z- 0.06 FIGURES 1 Z AND 113v
APPENDIX I.
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FIGURE 106 NONDIMENSIONAL LEVEL.



~-S5C USAF S/N 67- Iqqq3
E-7 ENGINES - EAPS INSTALLED
MARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT) II, 520
AVG, FREE AiR TEMP, (DEG, C)= -1,5
AVG. GROSS WEIGHT INCLUDING DRONE (LS)= 37,5*60
AVG. CG LOCATION (STA) = 337.9

'.40-GAL. AUXILIARY FUEL TANS, EXTERNAL RESCUE HOIST,
-ED POSITION.
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EI JSIONAL, LEVEL FLIGHT PERFORMANCE (AQA-91,A) 133



H--5 C USAF S/N 67- 1
T64-GE-7 ENGINES',, EAPS I

MARS PERFORMANC

AVG. C'r 0.011447

AVG. GW/, (LB) = 61,020
AVG. K /lv% (RPM):, 195.6
AVG. N, (RPM)= 157. 7

fAAR'j- CONFIGURED, TWO i5O-GAL. AUXILIARY FU
AQM-9IA DRONE IN STOWED POSITION.

FAIRING DERIVED FROM
0.06 FIGURES 'Z AND 113,

APPENDIX -.
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jIM 5c USAF S/N 67-1,4qq
P'LGE-7 ENGINES EAPS INSTALLED
MARS PERFORMANCE

AVG. PRESSURE ALTITUDE (FT)= 13,,650
AVG. FREE AIR TEMP. (DEG. C) = -7,5
AVG. GROSS WEIGHT INCLUDING DRONE (LS)= 36,350
AVG. CG LOCATION (STA) = 338.7

Pm-GAL. AUXILIARY FUEL TANS, EXTERNAL RE5CUE HOIST,
ED POSITION.
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lai-S3C USAF S/K 67-14993
T64-CE-7 Engines - EAPS Installed

A.S Performance

Notes: 1. Left engine S/N 261005.
2. One huiwdred percent Ng = 18,230 rpm.
3. Temperature ratio computed using ambient air temperature.
4. Pressure ratio computed using ambient air pressure.
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- Figurelot. Engine Characteristics 135
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uia-53C OSAF SlM-6/7-149953
T64 -GE-7 flngixies - IIAPS Installed

MARS Performance

Notes: 1. Right engine S/N 261006.
2. One hundred percent Ng = 18,230 rpm.
3. Temperature ratio computed using ambient air temperature.
4. Pressure ratio cdbpUted using ambient air pressure.
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11-5S3C USAF S/IN 67 -14993 -r-

T64-GE-7 Engines - BIAPS tnstaLled
MARS Performande -- 7

Notesr 1, Right engine SIN 261006.•
2. One hundred percent Ng = 18,230 rpm.
3. Temperature ratio computed using afabiert air temperature.
4. Pressure ratio computed using ambient air pressure.
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IM-51- USAP VIN 67-149b3t~
T64-GE-7 Engines - W-S Instalie ":..MARS Perozmn.: .

Notes: 1. Left engine S/I 261005,.
2. Temperture ratio computed using ambiext air tlmbiata±e.
3. Pressure ratio computed using ambient ar pressure.,
4. Solid fairing derived from figures 108 and 109, Appendix 1.-
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liM-53C USAF S/N 67-14993
T64-GC-7 Engines - EAPS Installed

M4ARS Performance

Notes: 1. Right engine S/N 261006,.
2. Temperature ratio computed using ambient air temperature.
3. Pressure ratio computed using ambient air pressure.
4. Solid fairing derived from figures 110 and 111, Appendix I.
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APPENDIX II

GENERAL AIRCRAFT INFORMATION

DESIGN DATA

Overall Dimensions

Aircraft length (rotors turning) 88 ft 6 in.

Height (to top of turning tail rotor) 24 ft 11 in.

Height (to top of rotor crown) 17 ft 1.4 in.

Aircraft width (main rotor blades removed) 16 ft 6 in.

Main landing qear tread 13 ft 0 in.

Main Rotor

Number of blades 6

Rotor diameter 72 ft 3 in.

Rotor disc area 4071.5 sq ft

Blade chord 2 ft 2 in.

Blade airfoil NACA 0011 Modified

Effective solidity ratio 0.115

Clearance above ground (static) 10 ft 4 in.

Angle of incidence in neutral 170 15 min.
(all blades)

Tall Rotor

Number of blades 4

Diameter 16 ft 0 in.

Rotor disc area 201.1 sq ft

Blade chord 1 ft 3.4 in.

Blade airfoil NACA 0012

Solidity ratio 0.16

Clearance above ground 8 ft 9 in.

Main Rotor Speeds

Power on design maximum (normal operation) 105* (193.9 rpm)

Power on design minimum (normal operation) 95% (175.5 rpm)

Power off design maximum 125% (231 rpm)
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Gear Ratios

Engine power turb" fe speed to engine 2.2580:1
output shaft

Main gear box speed to main rotor speed 32.5567:1

Tail rotor speeu to main rotor speed 4.2810:1

Limit Flight Load Factors

Positive maneuver loads (g's)

35,500 lb (zero airspeed) +2.5

35,500 lb (0 - 60 kt) linear +2.5 to 3.0
35,500 lb (greater than 60 kt) 3.0

42,000 lb 2.1

Negative maneuver loads (g's)

42,000 lb -0.5

Design Maximum Airspeeds

Level flight (40,750 lb) 170 KIAS or 0.94 blade
tip Mach

Level flight (42,000 lb) 158 KIAS or 0.94 blade
tip Mach

Sideward 35 kt

Rearward 30 xt

External loads 150 KIAS

Landing gear actuation 140 KIAS

Landing gear extended 170 KIAS

ROTOR SYSTEMS

The main rotor is a six-bladed, fully-articulated rotor. The main
rotor head is nP)unted directly to the output shaft of the main gear box
.1nd consists of a huh assembly and a swashplate assembly.

The hub asserbly, consisting of six sleeve-spindle assemblies and
six stydraulic dampers, is splined to the main rotor drive shaft. The
main roto: blades are attached to the sleeve-spindle assemblies which
peraiut each blade to flap vertically, hunt horizontally, and rotate about
their spanwise axis. The hydraulic dampers minimize the hunting movemeat
of the blades about the vertical hinges as they rotate, prevent shock
to the blades when the rotor head is started or stopped, and position
the ')lades against the stops after rotor shut down.

The swashplate assunbly consists of a rotating upper swashplate and
a st-Ationary lower swashplate. The upper swashplate is driven by the
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main rotor hub assembly. The lower swashplate is secured to the main
gear box by a scissor assembly to prevent rotation. The swashplaLes are
mounted on a ballring and socket assembly which keeps them parallel at
all times. However, they can be simultaneously tilted, raised, or lowered
by the flight control system connected to arms on the lewer swashplate.
Cyclic or collective pitch changes introduced at the lower swashplate are
tiansmitted to the blades by linkage on the upper swashplate.

The tail rotor assembly consists of the tail rotor hub assembly,
sleeve and spindle, pitch-changing mechanism, and four tail rotor blades.
The tail rotor hub assembly is mounted on the upper end of the pylon
and is splined to and driven by the horizontal output shaft of the tail
gear box. The tail rotor blades are attached to the sleeve and spindle
assembly and flapping hinges, which allows them to flap and rotate about
their spanwise axis for pitch variation. Anti-flap pins prevent flapping
at low rpm and when the blades are stopped.

POWER PLANT

The aircraft is powered by two General Electric T64-GE-7 turboshaft
engines, each of which has an uninstalled rating of 3,925 SHP at sea
level standard da conditions. The engines are located one on each side

*of the upper outboard fuselage. The basic engine consists of a torque
sensor shaft and housing, compressor section, combustion section, and
turbine section.

The torque sensor shaft and housing transmits engine power to the
nose gear box. The shaft assembly is used for torque measuring purposes.

The compressor section consists of the compressor rotor assembly and
the compressor stator. The main purpose of the compressor section is
to compress air for combustion and provide bleed air.

The combustion section consists of a combustion chamber and frame,
combustion liner, fourteenth stage compressor and exit guide vanes, and
the combustion air deflector. The combustion chamber has fuel nozzles
and two ignitor plugs. The combus.ion liner has perforated inner and outer
shells to provide airflow for liner cooling, combustion, and dilution of
combustion products to maintain required engine temperature.

The turbine section contains the gas geneator and power turbines,
which are not mechanically coupled. The gas generator turbine rotor
receives hot combustion chamber gases and extracts the power necessary
to drive the compressor. The rema'nder of that power is used to drive
the power turbine which provides power output. Power turbine speed can
be regulated independent of power output. This allows the pilot to set
a desired power turbine sped with the engine throttles. The power tur-
bine speed govetnor will set the gas generator speed at a level necessary
to maintain the power turbine speed and provide a constant main rotor
speed.

Each engine ha3 an engine air particle separator which is designed
to remove sand, dust, and foreign particl.js in the engine inlet air,
exhaust these particles, and allow clear, air to enter the engine. The
separators are located in front of and along the outboard side of the
engine air inlet duct.
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WEIGHT AND BALANCE

The operating weight of the MARS-modified test aircraft, measured with
full oil, full hydraulic fluid, trapped fuel, and test i.nistrumentation in-
stalled was 28,233 pounds. The cg for this condition was at fuselage
station 338. The allowable cg range was between fuselage stations 328
and 352. The maximum allowable gross weight was 42,000 pounds.

AIRSPEED LIMITATIONS

The design maximum allowable airspeed (equal to the never-exceed
airspeed, VN3) was limited to the lowest value of the following: 170
KIAS; the maximum allowable airspeed as limited by retreating blade stall;
or the maximum allowable airspeed as limited by advancing blade tip Mach
number. These latter two limits are dU'rived from charts in the Flight
Manual (reference 4). These char's are presented as figures 1 and 2
of this appendix. Figure 1 presents the limits on maximum airspeed de-
fined by retreating blade stall as a function of pressure altitude,
outside air temperature, rotor speed, gross weight, and indicated airspeed.
Figure 2 presents the limits on maximum airspeed defined by advancing
blade tip Mach number as a function of gross weight, outside air tempera-
ture, rotor speed, and indicated airspeed.

SPECIAL INSTRUMENTATION

Special instrumentation for the test program was principally fur-
rished by the AFFTC with some equipment being provided by Sikorsky Air-
craft. The installation was performed at Edwards AFB by Sikorsky Aircraft
personnel.

Photos of the instrumentation installation are presented in figures
3 through 5. A list of test instrumentation is also provided in this
appendix.

T1iST INSTRUMNTATION LIST

Parameter rP nI Cilibration Incronent

Engino Torquo 0-130 percent 10 percent
(No. I and No. 2)

-- Airspeed 0)-170 kt 10 kt

Atltia 0-90,000 ft 500 ft fromi 0 to 5,000 ft
1.000 ft from 5,000 to 20,000 ft

Rotor Speed 0-200 rpm 2 rtm fron 174 to 200 .cpm

Load Caol 0-1.O0 lb 800 ib

Enlne Fuel Tuo perature -45 to +55 doq C 5 do , 0
(No. I and Nj. 2)
Gas j;i-rator Sread 70 to 105 Percont 3 itrcent
(No. 1 aad No. 2)

Cutido Air Tovperatura -40 to +9 0 deq C 10 dQl C

Power Turbine Zptled 0 to 110 porcant s percent trim 0 to 80 peruent
(No. I and No. 2) 2 purcent frm 80 to 110 perrernt

Fuel Countora 0 to S9,999 %%uNwnt 16 counts . on
(No. I and No. 2)

Instantanoous Vertlcal 0 to 3,000 ft-ot per minute 500 tokt 1.'r -4nutu
Speed Indicator (dive)
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