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DISCLAIMER NOTICE

The findings of this report are not to be construed as an official Department of
the Army position unless so designated by other authorized documents.
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20. Abstract

ter was & production AH-1G helicopter (212 tail rotor) modified
with an ATAFCS mockup and carrying eight HELLFIRE missiles. Six
flight test hours were flown in six flights. No shortcomings or deficiencies
attributable to HMMS and ATAFCS installation were found. The AH-1G helicopter,
with S and ATAFCS installed, exhibits an additional equivalent flat plate arca
of 4.0 ft cofl:rrad to the standard AH-1Q helicopter. The handling qualities of the
helicopter with only the ATAFCS installed are essentially the same as the
production AH-1G helicopter.
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DEPARTMENT OF THE ARMY
HQ, US ARMY AVIATION RESEARCH AND DEVELOPMENT COMMAND

P O BOX 209, ST. LOUIS, MO 43164

4 0CT 1979

SUBJECT: Preliminary Airworthiness Evaluation, AH~1C with the Airborne
Target Acquisition Fire Control System and HELLFIRE Modular
Misgsile System Installed, AEFA Project Number 78-02

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for
Development and Qualification position on the subject report. This
report covers an evaluation of an AH-1C configured with the subject
systems installed to insure the airworthiness of the helicopter for
use as a test bed for the HELLFIRE Modular Missile System (HMMS) and
as a surrogate trainer for YAH-64 pilot training. Consequently, no
attempt to conduct full airworthiness qualification was attempted in
the interest of cost effectiveness and in providing a flight envelope
sufficient to meet operational requirements. An Airworthiness Release
per AR 70-62 has been issued to the operational units with appropriate
flight envelope restrictionms.

2., This Directorate agrees with the conclusions in paragraph 8 of the

: report. However, the drag characteristics of the AH-1C with the HMMS
F : and Airborne Target Acquisition Fire Control System (ATAFCS) were only
’ compared against the AH-1Q. This resulted }n an equivalent increased
drag area of 4.0 ft2, An additional 2.5 ft? of equivalent drag area is
evident for a total of 6.5 ft2 when the AH~1G with the HMMS/ATAFCS
installed is compared against the clean configuration AR-1G. In general,
the increased drag results in a 10 percent reduction in best range speed,
maximum airspeed and range as compared to the clean configuration AH-1G.
The operational user has been advised to use data for the "Heavy Hog”
configuration in T 55-1520-221-10, Operator's Manual Army Model AH-1G,
with change 6, 16 January 1976, for determining performance of the AH-1G
with the HMMS/ATAFCS installed. When operator manuals for the AR-1G, which
present delta drag data, become available, a delta drag of 6.5 ft2 above the
clean configuration should be assumed for this system. The operational user
has also been advised that the airspeed position error with the HMMS/ATAPCS
installed is slightly (up to 3 kts) different than that of the standard AH-1G.
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INTRODUCTION

BACKGROUND

1. The Hellfire Modular Missile System (HMMS) is being developed by the United
Stalcs Army Mnmlc Research and Development Command (MIRADCOM) as the

weapo em for the YAH-64 advanced attack helicopter. The non-
avanlability of a YA -64 helicopter required that initial Hellfire missile engincering
design tests (EDT) be conducted using the AH-1G helicopter as a flight test vehicle.
The test helicopter was configured with the HMMS and a mock-up of the Airborne
Target Acquisition Fire Control System (ATAFCS). The test helicopter will be used
as a surrogate trainer for the YAH-64 pilot training and Hellfire operational test
(OT) I1. In June 1978, the United States Army Aviation Engineering t Activity
(USAAEFA) was tasked by the United States Army Aviation Research and Devel-
opment Command (AVRADCOM) to conduct a Preliminary Airworthiness Evalu-
ation (PAE) of an AH-1G helicopter modified with aerodynamically similar replicas
of ATAFCS and HMMS (ref 1, app A). A test plan was prepared in August 1978
(ref 2) and an airworthiness release was issued in January 1979 (ref 3).

TEST OBJECTIVES

2. The objectives of the preliminary airworthiness evaluation of the AH-1G
helicopter with the HMMS and ATAFCS installed were as follows:

a. Provide quantitative and qualitative handling qualities data to verify
the contractors flight envelope developed during EDT flight tests.

b. Obtain limited level flight performance data.
¢.  Obtain limited handling qualities data (ATAFCS configuration only).

DESCRIPTION

3. The test aircraft (SN 70-16069) was originally a production AH-1G helicopter
with a 212 tail rotor. Changes made to the test helicopter from production config-
uration included:

a.  Removal of the aircraft nose section at fuselage station (FS) 46 and in-
stallation of a nonfunctioning model of the ATAFCS turret assembly.

b. Nonfunctioning ATAFCS cockpit control panels were installed in both
cockpits.

¢.  Addition of 129 pounds of lead ballast in the ammunition bay (FS 100)
to simulate the weight of additional ATAFCS equipment.

d.  Addition of 50 pounds of lead ballast in the tail stinger area (FS 477).
e.  Replacement of the AH-1G outboard wing pylons with AH-1S pylons.




f.  Relocation of the airspeed pitot tube from the nose area to the left side
of the forward pylon fairing (similar to the AH-18).

g.  Attachment of Hellfire launchers with four dummy missiles to the out-
board pylons (for a portion of the test program).

h. Installation of a test instrumentation package in the ammunition bay with
operating controls located in both cockpits. A detailed description of the AH-1G
helicopter is contained in reference 5, appendix A. Detailed ducnpt:om of both the
HMMS and the ATAFCS are contained in appendix B.

TEST SCOPE

4. The preliminary airworthiness evaluation was conducted at Edwards Air
Force Base, California (elevation 2302 feet) from 18 January 1979 through 23 Janu-
ary 1979, During the evaluation, 6 flights were conducted for a total of 9 hours, of
which 6 hours were productive. Flight testing was conducted in two configurations
which were: (1) ATAFCS only (ATAFCS model installed with no wing stores), and
(2) ATAFCS/8-Hellfire (ATAFCS model installed with 8 Hellfire missiles mounted,
4 on ecach outboard wing store location). The helicopter handling qualities were
evaluated against the requirements of Military Specifications, MIL-H-8501 A (ref 4,
app A). Aircraft instrumentation installation and instrumentation maintenance were
accomplished by contractor personnel. Data reduction and analysis were
accomplished by USAAEFA. All flight tests were conducted at a forward
longitudinal center of gravity, 8800 pounds average gross weight, and with a trim
main rotor speed of 324 rpm. Airspeeds ranged from zero to 130 knots calibrated
airspeed (KCAS) with altitude varying from 1700 ft ground level density altitude
(Hp) to S000 ft Hp. Flight restrictions and operating limitations presented in the
AH-1G Operator’s Manual (ref §) as modified by an Airworthiness Release (ref 3)
were observed throughout the evaluation.

TEST METHODOLOGY

5.  The aircraft was tested in accordance with the test procedures outlined in the
us Navg Test Pilot School Flight Test Manual, Helicopter Performance and Heli-
copter Stability and Control (refs 6 and 7, app A). Data analysis methods are des-
cribed in appendix D. A detailed listing of the test instrumentation is contained
in appendix B. Comparisons were made to previous AH-1 reports which most
closely matched configurations of test aircraft.




RESULTS AND DISCUSSION

GENERAL

6. The contractors flight envelope was verified during flight testing of the AH-1G
helicopter with the HMMS and ATAFCS installed, One level performance test was
conducted at an average thrust coefficient (C7) of 0.004914. A comparison of the
results of this test with the data from AH-1Q hcucofmr (ref 8, app A) indicate
an approximate additional equivalent flat plate area of 4.0 ft. The fundlms ualities
of the AH-1G with the HMMS and ATAFCS installed, as well as the helicopter
configured with on?' the ATAFCS, were essentially the same as previous AH-1
helicopters. The conditions of test are shown in table 1.

Level Flight Performance

7. One level flight performance test was conducted at the conditions shown in
table 1. Data were obtained in stabilized, ball-centered level flight at a constant
ratio of gross weight to density ratio (w/g). The results are presented in figure 1,
appendix E.

8.  Data from USAAEFA Project No. 72-43 (ref 8, app A) were used as a com-
parison in order to estimate additional drag due to the installation of the ATAFCS
and HMMS. Figure | shows fairings for the AH-1Q helicopter in the clean, 4-TOW,
and 8-TOW configurations as well as the data for the AH-1G helicopter with the
ATAFCS and HMMS installed. As compared to the AH-1Q helicopter in the clean
configuration, the test helicopter had approximately 4.0 feet< of additional
equivalent flat plate area.

HANDLING QUALITIES
Control Positions in Trimmed Forward Flight

9.  Control positions in trimmed forward flight were determined in ball-centered,
trimmed level flight at the conditions shown in table 1. Data were recorded at
airspeeds from 44 KCAS to 125 KCAS. Test results are shown in figure 2, appen-
dix E. The helicopter requires forward cyclic movement with increasing airspeed.
The data are representative of previous AH-1G helicopter test results. The control
positions in trimmed forward flight are satisfactory.

Static Longitudinal Stability

10. Static longitudinal stability was evaluated at the conditions listed in table 1.
For cach test condition, the aircraft was trimmed in st -heading, ball-centered,
level flight. With the collective control held fixed, the aircraft was stabilized at
incremental airspeeds greater and less than the trim speed. Data were recorded at
each stabilized airspeed. Test results are presented in figures 3 and 4, appendix E.
The collective fixed static longitudinal stability was positive (forward cyclic with
increasing airspeed) at all conditions listed with similar position and force gradients
as the standard AH-1G with 212 tail rotor.
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Static Lateral Directional Stability

11. The static lateral directional stability of the helicopter was evaluated at the
conditions shown in table 1. The test was performed by first trimming the aircraft
in level flight, with the ball centered. The collective was then held fixed and a side-
slip was induced with cyclic and directional pedals. Since the helicopter had no test
instrumentation to indicate sideslip, approximate sideslip angles were achieved by
maintaining a constant ground track while varying the heading using the radio mag-
netic indicator (RMI). Test results are shown in figures S and 6, appendix E.

12. The static directional stability, as indicated by the variation of directional
control position with sideslip, was positive (increasing right directional control
displacement with increasing left sideslip). Directional stability increased with air-
speed. Dihedral effect, as indicated by the vanation of lateral control with sideslip,
was also positive (increasing right lateral control displacement with increasing right
sideslip), and was essentially linear at all points tested. Sideforce characteristics, as
indicated by the vanation of roll attitude with sideslip, were positive for all test
conditions (increasing roll attitude in the direction of sideslip with increasing side-
slip). The static lateral-directional stability of the aircraft is essentially the same as
for the standard production AH-1G with the 212 tailrotor (ref 9, app A).

Maneuvering Stability

13. The mancuvening stability was evaluated at the conditions shown in table 1.
The test was performed by trimming the helicopter in level, ball-centered flight,
fixing the collective and incrementally varying the load factor (g) by banking the
helicopter left and nght while maintaining constant airspeed. Altitude was allowed
to decrease and data were recorded at cach stabilized point. Test results are shown in
appendix E, figures 7 and 8.

14, The manecuvering stability (stick-fixed), as indicated by a variation of longi-
tudinal control position with load factor, was positive (increasing aft cyclic with
increasing load factors) at all conditions tested. At 61 KCAS, the control position
gradient was approximately 3.5 inches/g while at 117 KCAS, the gradient was
2.5 inches/g. The maneuvenng stability of the helicopter compared favorably to
previous AH-1G helicopters.

Dynamic Stability

15. Dynamic stability was evaluated SCAS ON and OFF at the conditions shown in
table 1. The purpose of the tests was to determine the characteristics of the aircraft
through analysis of the longitudinal and lateral-directional responses long period
motion, and the spiral stability.




16. The short period was evaluated by stabliizing the aircraft in ball-centered,
level flight and pulsing the aircraft controls. A control pulse of approximately 1-inch
displacement was held for 0.5 seconds and the control then returned to trim. Pulses
were accomplished in each axis and the resulting aircraft reactions were recorded.
SCAS ON the aircraft reaction was essentially deadbeat in the longitudinal and
lateral axis at the two airspeeds tested (60, 120 KCAS). The oscillations in the direc-
tional axis were convergent with generally three oscillations to a fully damped con-
dition. SCAS OFF the longitudinal short period was deadbeat. The lateral-direc-
tional was lightly damped (.13) with a period of approximately 4 seconds at both
airspeeds tested with the damping decreasing with increasing airspeed. The character-
istics were unchanged from the standard AH-1G helicopter.

17. The long period motion was evaluated both SCAS ON and OFF. At 60 KCAS
(SCAS ON) the long period was neutrally damped, with a period of 47 seconds.
With the SCAS OFF, the long period was convergent with a period of approximately
30 seconds at both airspeeds tested (60, 100 KCAS). The long period motion of the
AH-1G with HMMS and ATAFCS installed is similar to previous AH-1G helicopters.

18. Spiral stability was evaluated at the conditions noted in table 1. The aircraft
was trimmed in level, ball-centered flight. A 10° bank was introduced using only
directional controls Controls were then returned to trim and the resulting helicopter
motions recorded. Spiral stability (the tendency to return to a level attitude) was
found to be neutral when the aircraft was banked to the right and slightly divergent
when banked to the left. The time to double amplitude in the divergent mode was
in excess of 30 seconds. The dynamic stability of the helicopter was unchanged from
the basic AH-1G.

Controllability

19. Controllability was evaluated in the clean configuration at the conditions
shown in table 1. The arcraft was stabilized at a hover approximately 100 feet
above ground level and step inputs of varying magnitude were introduced in the
control system using the longitudinal, lateral, or direction control. The controls
were held fixed for 3 seconds or until recovery was required. Results are shown in
figures 9, 10, and 11, appendix E. The hover controllability of the helicopter is
unchanged from the AH-1G,

Low-Speed Flight Characteristics

20. Low speed flight tests were conducted in winds of less than three knots at the
conditions shown in table 1. A pace car equipped with a calibrated radar speed gun
was used as a speed reference. The aircraft was flown from zero to 30 KTAS in
S-knot increments at a skid height of approximately 10 feet and data were recorded
at each stabilized point. Test results are shown in figures 12 and 13, appendix E,
and are similar to previous AH-1G helicopter flight tests.
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AIRCRAFT SYSTEMS FAILURES
Simulated Engine Failures

21. The helicopter reaction to sudden engine failures was evaluated at the condi-
tions shown in table 1. The helicopter was trimmed in level, ball-centered flight and
the throttle was rapidly reduced to idle while all the controls were held fixed for
two seconds or until recovery was necessary. Data were recorded throughout the
maneuver, and are presented in table 2. The collective delay time (time from throttle
chop until the collective control was lowered) for the level flight conditions tested
met or exceeded the twosecond limit imposed by MIL-H-8501A. The first indica-
tion of engine failure was an abrupt vaw to the left and the sound of decreasing
engine speed. The sudden engine failure characteristics of the AH-1G with HMMS
and ATAFCS are unchanged from the AH-1G.

Table 2. Simulated Engine Failures'

i : . Max Max
Entry Gross .
T/?/ns‘ Alll:hrltic Torque | weight | Left Yaw | Left Roll
(ft) (pst) (1b) Rate Rate
(deg/sec) | (deg/sec)

38 §700 23 8500 131t 21t

59 5550 8400 141t in

80 5600 8400 171t

104 5600 8400 17l

——

117 5500 g 8400 ISh

— ——

— .
118 5550 . 8300 231

'Rotor speed: 324 at trim point
OAT~ 0'C.
All runs trimmed to level flight.
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CONCLUSIONS

General

22. The handling qualities of the AH-1G with the ATAFCS and HMMS installed,
and with only the ATAFCS installed, are unchanged from previous AH-1 heli-
copters.
Specific

23. The addition of the ATAFCS and HMMS installation to the AH-1G produced
approximately 4.0 ft< of additional equivalent flat plate area compared to the

AH-1Q helicopter in the clean configuration.

24. No deficiencies or shortcomings attributable to the ATAFCS and HMMS were
found.

|
4
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APPENDIX B. DESCRIPTION

TEST HELICOPTER

1. The test helicopter, SN 76-16069, an AH-1G attack helicopter with 212 tail
rotor, was manufactured by Bell Helicopter Textron, Fort Worth, Texas, and was
modified by Missile Systems Division, Rockwell International, Columbus, Ohio.
Modifications to the helicopter included replacement of the AH-1G outboard pylons
with AH-1S pylons; removal of the nose of the aircraft to FS 46 and replacement
with a dummy ATAFCS turret assembly relocation of the pitot tube to the left side
of the forward pylon fairing (similar to AH-18), and the addition of a 50-pound
stinger weight at FS 477, The ATAFCS electronic and aircraft instrumentation
packages were located in the ammunition bay.

HMMS LAUNCHER

2. The Hellfire launcher (fig. 1) is a modular 4-rail/2-rail design compatible with
the AH-1 and YAH-64 helicopter. The launcher incorporates the standard 14-inch
lug spacing and is made up of the launcher structure, the electronic command
signal programmer (ECSP) and the stored gas distribution system (SGDS) (fig. 1).
The launcher structure consists of three major subassemblies; the hardback, the
lower rail supports, and the rails. The hardback incorporates the lugs for the
standard 14-inch stores rack and is a hollow casting that accepts the ECSP in the
forward end and the SGDS in the aft end. The two lower rail supports are bolted
to the bottom of the hardback. The missiles were dummy replicas of laser and IR
Hellfire missifes.

AIRBORNE TARGET ACQUISITION FIRE CONTROL SYSTEM

3. The ATAFCS is a fire control system designed for the YAH-64 advanced attack
helicopter (figs. 2 and 3). The system consists of the ATAFCS turret, electonics,
and operator controls. On the test aircraft the ATAFCS system was replaced by a
model turret of the exact size, shape, and weight. Ballast in the ammo bay simulated
additional items used in the system. Nonfunctioning cockpit controls were provided
to both cockpits. Major airframe modifications included removal of the nose and
battery compartment at FS 46, This station was reinforced to accept the turret
mounting.




a
Figure 1. Hellfire Launcher




MIA uel] ‘7 undyg

49aany
—— $J4viv
] 2 qr : *
== o
e
5 ﬁ.ﬁu.}% |oung syBisasog
™ .-b.“’o
. =" sung sNjo4g
i s Jouung
49|]013u0) puy
jaund W1 9jissiw puy Aoidsig BuiBowy

$49)DaIg 41ndI1) |9uDd |014u0)
$92an) s Jeuung




MAHA IPIS ' 2By

|9uUDgd JOIDNIDAJ MIIdilY
|9uUDg |044U0Y $,40|1d

stun joa4u0)

$31U0J439|3 5,40(!d |sung joijuo)

S, 40uuny

|oudg snjoug
suawdinby s,Jouung
40JDNIDA] MINdIlY

49||044u0) puy

$3|U04133|3 SSH Aojdsig BuiBowy




1.

APPENDIX C. INSTRUMENTATION

Standard aircraft instruments were used in both cockpits. The pilot and copilot

airspeed indicators were the only calibrated cockpit instruments.

-
-

3

the following:

The following is a list of instrumentation used.
Pilot Station

Event switch
Instrumentation control

Pilot Panel

Airspeed (ship's system)
Altitude (ship's system)

Rate of climb (ship's system)
Rotor speed

Engine torque

Exhaust gas temperature

Gas generator speed

Attitude gyro

Fuel gauge

Free air temperature gauge

Copilot /Engineer Station

Control fixtures

Airspeed (ship's system)
Altitude (ship's system)

Rate of climb (ship's system)
Rotor speed

Engine torque

Exhaust has temperature
Gas generator speed

Data parameters recorded using the onboard magnetic tape system include

Digital PCM Parameters

Airspeed (ship's system)

Altitude (ship's system)

Main rotor rpm

Center-of-gravity normal acceleration
Center-of-gravity lateral acceleration
Center-of-gravity longitudinal acceleration
Engine output torque pressure

Pilot event
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Control positions:
v Longitudinal cyclic
Lateral cyclic
] Collective .
1 ; Directional
] Throttle
: ! Attitude:
s ¥ PltCh
] i Roll :
Yaw :
Angular velocity:
Pitch
Roll
Yaw
Battery voltage
Voice
9
¥
H
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APPENDIX D. DATA ANALYSIS METHODS

GENERAL

1. Data for use in determining handling qualities characteristics of the test air-
craft were collected using standard test methods as described in reference 7,
appendix A.

LEVEL FLIGHT PERFORMANCE

2.  Level flight _serfomuncc was determined at one specific condition
(CT = 49.14 x 10 ). The test data were corrected to the average test day condi-
tions and were then compared to baseline data obtained from USAASTA (US Army
Aviation Systems Test Activity) Report No. 7243 (ref 8, app A). The following
nondimensional coefficients were used to generalize the level flight performance test
results:

Coefficient of power (Cp).

SHP x 550

CP= — AR

Coefficient of thrust (CT).

w
pAQR)?

Advance ratio (u).

VT
rTaR
Where:

SHP = Engine output shaft horsepower.

p = Air density (Ib - sec2/ftd),

A = Main rotor disc area (ft2).

£ = Main rotor angular velocity (rad/sec).

a P2
e Gl
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R = Main rotor radius (ft).
W = Aircraft gross weight (Ib).
VT = True airspeed (ft/sec).

Changes in the equivalent flat plate area (fe) for various aircraft configurations
were calculated by the following equation:

DYNAMIC RESPONSE

3. The dynamic response characteristics of the aircraft were evaluated to deter-
mine the damping ratios ({); Damping ratios were determined for all conditions
tested using the logarithmic decrement method. The logarithmic decrement is
defined as the natural logarithm of the ratio of any two successive peaks (fig. 1).
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Figure 1. Rate of Decay of Oscillation Measured by the Logarithmic Decrement




The logarithmic decrement § is mathematically expressed as:

5=1n2l = |,,.°i“_’.’lﬂ___. = Ine$dnt = $byr (4)
X2 etwn (T +7)

Since the period of the damped oscillation is equal to:

r=2n/wny | 42 5)

The decrement can be rewritten as:

5=1n zl =2n$28/ ;

X2 142 ©6)
As seen in figure 2 for small values of {:
= X}
53, ¢ ln-..;?. [2=($<0.3) o
12
(-
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:i =DAMPING FACTOR

Figure 2. Logarthmic Decrement as function of §




The frequency is defined as w = 2x/r rad/sec; the natural frequency is defined as:

wa =20 132 ®
AIRSPEED CALIBRATION
4.  An airspeed calibration was performed using the trailing bomb method. Results
are shown in figure 3.
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APPENDIX E. TEST DATA

Figure

Level Flight Performance

Control Positions in Trimmed Forward Flight
Collective Fixed Static Longitudinal Stability
Static Lateral-Directional Stability
Maneuvering Stability

Longitudinal Control Response and Sensitivity
Lateral Control Response and Sensitivity
Directional Control Response and Sensitivity
Low Speed Forward and Rearward Flight

Low Speed Sideward Flight
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